
































































Jef Pleumeekers,
Director Netherlands Agency for energy and the environment, Novem .

fragments of Opening adress and Welcome

Ladies and Gentleman,

welcome,
… … … … … …

ladies and gentleman,

Welcome to the land of polder models.

The Polder model, as practised here in the Netherlands, is the concept of close co-
operation between all parties involved in the realisation of targets, whether these
targets are economic or environmental. In agreements between government, market
parties and intermediate organisations such as Novem, decisions are made about the
route to follow, the speed at which to proceed, and the targets that are to be met. In
our country this works out very well. It creates awareness, wide support and many
carriers of the message in the short term, which is a basic need in order to prepare
society for major changes in the long run. Maybe, by hosting this conference in
Maastricht, we will be able to practice the Polder model internationally as well. In
three days of intensive co-operation much can be achieved, both in the
understanding of each other's specific problems and in the search for a common
approach to solutions. We hope of course that you are as dedicated as we are in
creating this joint route for the years to come.

The first steps on this route have already been made by the iiSBE. The next days will
see the follow-up to this.

Ladies and Gentleman, what we also love here in the Netherlands, and certainly in
the building sector, are demonstration projects. In the building sector, seeing is still
the basis for believing, and is thus of major importance in the introduction of new
developments. As such demonstration projects are a basic instrument for progress in
sustainable building, as well as in sustainable living and working.

We have shown this in the past with Ecolonia, and recently with a large series of
small projects, and we want to do so again in the near future with a successor of
Ecolonia. This project will be developed according to the latest visions, anticipating
the requirements for a factor 10 or 20 improvement in sustainability, and will be
focussed on the existing building stock. We will keep you informed.

Within the GBC process demonstration projects are central elements that will be
covered by many presentations over the next three days, and are key elements in the
posters in the National pavilions. But the demonstration project in itself is not
necessarily the key. Within the demonstration project, I want to say that Architecture
plays a vital role, both from the aesthetic and the social point of view. I am therefore



very pleased that we will have a large number of architects participating, including
from the UIA, more specifically the working group 'architecture of the future'.
Tomorrow they will try to build a bridge between three important strands: the
scientific, the social and the aesthetic approach.

The third and last point I would like to make is the marketing of Sustainable Building.
This part is of immense importance, but it is just a small part of the Conference. I
hope that in your discussions and plans for the future this subject will play a major
role, because without a market for sustainable building, there will be little progress.
Recent research has shown that agencies for change and knowledge transfer are
key elements in the diffusion of Sustainable Building developments, and in achieving
actual and broad implementation. I think that developing a mature and effective
framework for this will be a task for this conference in the years to come.
… … … … .

… … … … ..
On behalf of all parties involved and of Novem,
I wish you a fruitfull conference.

23-10-2000



OPENING ADRESS OF MR. J.W. REMKES, DUTCH STATE SECRETARY
OF HOUSING, SPATIAL PLANNING AND THE ENVIRONMENT AT THE
INTERNATIONAL CONFERENCE SUSTAINABLE BUILDING 2000

Ladies and gentlemen,

l would also like to bid you a warm welcome to the Netherlands. And more specifically
to Maastricht, a lively city with a rich history. l hope you managed yesterday to see
some of what Maastricht has to offer.

It gives me great pleasure to open this international conference. More than seven
hundred experts from more than thirty countries are gathered here to talk about their
experiences with sustainable building. And there will be three hundred contributions
from forty five countries spanning all five continents. Sustainable building is clearly a
matter of worldwide concern.

Sustainable building goes back a long time. Just look around the centre of this city. It
was built to suit the needs of residents past and present, lts buildings can be used for
many different things, and adapted to the needs of present and future users. They
have been around for a long time, and will be with us for many years to come. In other
words, they were built sustainably before the concept even existed.
Sustainable building in the Netherlands Ladies and
gentlemen,
In this presentation l should like to tell you something about sustainable building in the
Netherlands. Sustainable building in its more modern form began in this country in the
nineteen seventies. The government began to show renewed interest in the interior
environment and its effects on health. The energy crisis turned our attention to energy
conservation. And so the concept of sustainable building broadened.

In nineteen-ninety sustainable building gained a permanent place in Dutch national
policy. And in nineteen ninety-five the government launched its first sustainable
building programme. The market has taken up the challenge, and sustainable building
is now on track. We are now ready for the next step: broadening the policy and putting
it fully into practice. The Sustainable Building Policy Programme 2000-2004 is
designed to do this. The policy is expanded to the entire built environment, rather than
just individual buildings. And sustainable building is set to become a quality issue.
Sustainable Building Policy Programme 2000-2004 The programme should
stimulate policy in three areas. Firstly, energy. The Netherlands' commitment to
reduce greenhouse gas emissions will require extra efforts from the construction
industry, particularly when it comes to the existing housing stock. This is why we have
introduced the voluntary Energy Performance Advice scheme. This advice is designed
to help and stimulate house owners to take energy saving measures in their houses.
Furthermore, the Dutch government also wants to stimulate solar energy. From next
year on, house owners can get subsidies for the purchase of solar panels.

Secondly, sustainable urban planning. In this area, developments in urban
regeneration should allow us to take major steps forward. Actually, the progress is
being made already, taking sustainability into account as one of the relevant aspects.

Thirdly, consumers - those who live in and use buildings. Due to economy growth,
people are demanding higher and higher standards. There is great potential in



combining sustainable building with other aspects of quality, such as comfort and
proximity to green spaces and water.

The policy programme includes an implementation programme for 2000 and 2001. It
consists of a number of projects that will be carried out in close collaboration with the
market. The three areas l just mentioned, will be particular focuses of attention.
Knowledge will also be a key focus area. Current activities designed to support the
application of knowledge will be continued and stepped up, as will support for pioneers
of sustainable building.

Throughout the development of sustainable building in the Netherlands, close
interaction between the government and the market has been the watchword. Without
the help of the construction industry, we would never have come this far. And it is
encouraging to see that other parties, including nature conservation
groups and environmental groups, like the World Wide Fund for Nature, also
actively support the policy.

The Netherlands has deliberately chosen to move step by step away from traditional
and towards sustainable building. We have already achieved a great deal.
Sustainability has now become an integral part of the quality of a building.

But we still have a long way to go. Sustainable building has to become more than
technical measures applied to individual buildings. It has to become part of the quality
of both the building and the surrounding environment.

Factors for success
Three factors will determine our success or failure. Firstly, sustainable building has to
respond to trends and consumers' wishes - for comfort, a good investment, and
liveability. Local authorities and private clients will have more and more responsibility
in the future. They, too, are important players in the field of sustainable building.

We must also interpret sustainable building in a broad sense. It is about user-
friendliness, comfort, adaptability, investment value, affordability and the environment.
So we need an integrated approach. As well as thinking about the environment, we
also have to consider the functional and social aspects. We must constantly search for
the best solution in every situation, and the role of the consumer will be crucial. A
broad view of sustainability is particularly important for sustainable urban planning. We
have to design our
homes and living environment in such a way that people will still be happy to live there
in thirty years' time. Or so that they can be easily adapted to cater for future needs.

The third factor for success is good co-ordination and co-operation between all
parties. The history of sustainable building in the Netherlands shows that it is not the
technology that is at fault, it is the failure to make the necessary changes in our culture
and in how we work. Sustainability has to become second nature. And this will take a
lot of time and effort.

Here, too, central government will continue to fulfil its responsibility. Sustainable
building must remain a voluntary thing, but this is not the same as freedom from
obligation.



l have outlined a number of aspects that are essential to the development of
sustainable building in this country, l hope they will prove useful to you.

International Conference Sustainable Building But this conference has a broader
perspective. Here you will discover the wide array of sustainable building techniques
used in different countries. You will discuss aspects such as energy consumption,
water, materials, green spaces and health. You will learn about the different contexts
that make each country different and give it its unique qualities. It is precisely from this
variety that we can all learn.
Of course we also have a lot in common: instruments, product information, labelling,
assessment etcetera. And that is why we must have international co-ordination.
Initiatives are already under way, including the EU's sustainable construction initiative,
in which the construction industry is playing a major role.

International co-ordination will also involve harmonisation and standardisation at
European level. As you can see from the programme, there will be a forum debate on
this subject tomorrow.

In more general terms, exchange of knowledge between countries is also vital. This
conference offers a perfect opportunity for such exchange, but we should perhaps
consider providing it with a more permanent basis.

'Opting for Change'
In the Netherlands, we have opted for a step-by-step transition from traditional
building to sustainable building as we now know it. Many sustainable building projects
were completed in the nineteen nineties.

These projects would never have happened without close co-operation between all
the parties involved. This is absolutely essential if we are actually to build sustainably.
The book 'Opting for Change' is to be launched at this conference. It contains a
number of fascinating examples of sustainable building projects completed here in the
last decade. It also shows how important the process of achieving sustainability is.
Before l close l should like to thank the organisers of this conference. Without your
efforts it would not have been possible for so many people to attend from so many
countries, to talk about their experiences and secure a future for sustainable building.

This kind of exchange is very topical at the moment, with the forthcoming Conference
of Parties to the Climate Convention in The Hague. After all, sustainable building is
one of the things that will help us cut our energy consumption, thus reducing carbon
dioxide emissions and helping curb the greenhouse effect.

Finally, a special word of thanks to the representatives from Japan, Canada, France
and the European Union for their willingness to address the conference. It is with great
pleasure that l present to them a copy of 'Opting for Change'.

Thank you.



Japanese Policy on Sustainable Building

(Paper for Sustainable Building 2000 in Maastricht, Netherlands, October 23 2000)

Dr. Shoichi ANDO
Director for Accessible Building, Housing Bureau,
Ministry of Construction, JAPAN

1. Energy Conservation and Climate Change

(1) Energy Consumption in Japan
- Energy consumption in Japan once decreased due to a sudden rise in oil prices when the 1st and 2nd oil

crisis had occurred. However, it turned to increase at the rate of about 3 % annually in 1980’s, and it
shows an increasing tendency at higher rate in recent years.

- Regarding energy consumption by sectors, energy consumption by the transportation (for passenger use)
sector increases at the highest rate and the residential and commercial (for household use) sector is in the
second place.

- Energy consumption by the residential and commercial sector accounts for about one quarter of the total
energy consumption, and its share is expanding in recent decades, from 18.1 % in 1973 to 26.4 % in
1998.

Figure 1. Trends in Final Energy Consumption in Japan

- Energy consumption by both household use and business use shows an increasing tendency. The main
reasons for it are the more popularization of electrical appliances, the increasing number of nuclear
families and an increasing use of hot-water supply in household, and the more popularization of office
automation system in business area.

(2) CO2 Emission
- CO2 emission accounts for the maximum amount among greenhouse effect gases, which are thought to

have global warming effect.
- As energy consumption increases, the amount of CO2 emission shows an increasing tendency, and it

increases by about 10 % in the period of 1990 – 1997.
- Regarding CO2 emission by sectors, emission from the residential and commercial sector accounts for

about one quarter of the total emission. And household sector accounts for a little more than half of it.

Figure 2. CO2 Emission by Sectors in 1997 FY, Japan
An inside circle shows rate of actual amount of CO2 gas emission by each sector to the total (% values in
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parentheses). An outside circle shows rate of CO2 gas emission by each sector to the total, calculated on
condition that CO2 emissions from Electric Power Generation is distributed among final demanding sectors
according to the amount of electric power use by sectors.

Source: Materials from the Cabinet meeting on conservation of global environment in July 1999.

2. Resource Use and Waste Disposal

(1) Resource Consumption in Japan
- Building industry uses 50% of resource used in all industry as building materials.
- The construction waste released from construction works occupies 20% of the waste amount released

from all industry and 40% of the final disposal amount.
- According to the research by the Ministry of Health and Welfare, the construction waste occupies 90% of

illegal disposal amount of industrial waste.

Figure 3. Flow Chart of Construction Waste in Japan

Energy Conversion Sector (Electric
Power Plants, Oil factories etc.)
6.8%  (29.0%)

Industrial Sector
40.1%  (31.3%)

Residential and Commercial
(for household use) Sector
12.6%  (5.9%)

Residential and Commercial
(for business use) Sector
11.6%  (5.4%)

Transportation Sector (Cars,
Seaways, Airways etc.)
20.9%  (20.4%)

Others
1.5%

Industrial Process
(Limestone use etc.)
4.8%

Waste Disposal (Plastic Incineration etc.)
1.7%

Note: - Total of percentage is not always to be
       100% due to rounding value off.
     - Others include statistics errors,
       lubricating oil use etc.

The total CO2
emission in
1997 FY:
1230.8 million
tons.

CO2 emission originating
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-Obligation of transforming into
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(2)  Construction Waste
- The building demolishing waste occupies 60% of the building construction waste.
- Wood scraps occupy large ratio of illegal disposal amount of construction waste.  It is said that most of

them are released from demolishing of detached houses.
- Concerning the building demolishing waste, it is forecasted that the release amount will increase sharply

hereafter as the buildings which were rapidly constructed after 1965 meet the time of renovation.
- The remaining capacity of the final waste disposal place is tight as total remaining capacity of Japan is

equivalent to 1.6 years’ amount in the end of fiscal year 1999. (Estimation by Ministry of Health and
Welfare)

Figure 4 : Future estimation of waste release amount from building demolition

Document : Research by MOC
(subject : Metropolitan and 8 prefectures)

Waste release amount from building demolition increases by approx. twice in 2000, triple in 2005 and four times in
2010 as compared with that in 1995.

(3) Outline of Law for Recycling Resources Transformed from materials of construction work
- Obligation to segregate each material from specified construction materials used in specified buildings

by means of segregate-demolition in accordance with certain technical criteria, in case of the intended
construction work which means construction work for buildings and other constructions exceeding a
certain scale.

- Promotion of recycling by obligating to transform into recycling resources from construction waste of
specified materials resulted from segregate-demolition.

- Ensure the proper practice of segregate-demolition by the prior work report by client, the final report
from general contractor to client, putting up a notice of the sign on construction site, etc.

- Ensure the payment of proper cost for contractor, by preparing contract procedure between client and
contractor.

- Ensuring of the practice of proper demolishing work by the registration system of demolishing
contractor and disposition of technical manager on demolishing work site.

- Promote transformation into recycling resources and utilization of construction materials produced by
transformation

(See Reference 2)



Reference 1:  System of Measures for Environment in Housing and Building

1. 

Standard and Guideline
- Determination of energy
conservation standard based
on the energy saving law.

Government Support
Project
- Promoting construction of
residential building to reduce
environmental impacts,
through Model Project of
Environmentally Symbiotic
Housing in Urban Area, or
Project for Urgent-Promoting
Urban Residence in the 21st
Century.

Loan System
- Popularization & Promotion
of housing development that
is well-planed in
consideration of environment
through housing loan
financed by the Government
Housing Loan Corporation
(GHLC).
- Popularization & Promotion
of housing development that
is well-planed in
consideration of environment
through housing loan
financed by Development
Bank of Japan.
(DBJ)

Others
- Training up execution
engineers of thermal
insulation materials.
- Promotion of introduction of

Regulation
- Promotion of
segregate- demolishing
of buildings and recycling
use of construction waste
based on the Law for
recycling in construction
work.

Government Support
Project
- Promotion of recycling
use of construction waste
through Housing Industry
Restructuring Project.

Loan System
- Promotion of use of
recycling materials,
proper demolition and
waste disposal, and high-
durability housing
development through
housing loan financed by
GHLC.
- Promotion of use of
recycling materials
through housing loan
financed by DBJ.

Others
- Technical development
of long-term durability
housing such as
Skeleton-Infill Housing.
- Promotion of Recycling
Project in publicly-
operated Housing.

Standard and Guideline
- Determination and
Publication of Guideline for
Design and Construction
Work, Manuals for Users
by the society for the study
of healthy housing.
- Determination of
Guideline for selecting
interior finishing materials
by Japan Federation of
Housing Organization.
- Addition of specification
on selecting interior
finishing materials to
Common Specification for
Public Housing.

Loan System
- Promotion of housing
development that is well-
planed in consideration of
health through housing
loan financed by GHLC.

Others
- Advice on measures for
chemical substance in
housing.
- Lending out simplified
measurement instrument
for chemical substance
concentration by regional
public bodies.

Promoting energy
conservation, use of
natural energy & unutilized
energy.

Promoting Reduce,
Reuse & Recycling and
proper waste disposal.

Ensuring comfortable
and healthy living
environment.

Climate Change Construction Waste Sick HousingProblems

Funda-
mental
Policy

Principal
Definite
Measures

Development of Housing Performance Indication System based on the Housing Quality Assurance Law

- Indication of rank of measures
for energy conservation.

- Indication of rank of
measures for degradation
and consideration for
maintenance.

- Indication of rank of
measures for formaldehyde
(HCHO).



Reference 2:  Whole image of the Waste-recycle Laws in Japan

Basic Environment law
(Environment agency)

Basic law of Promotion for formation of recycling society
(Environment agency)

Waste disposal law
(Ministry of Health and Welfare)

Container/Package recycle law
( Ministry of Health and Welfare, Ministry
of International Trade and Industry, etc.)

Electronic appliances recycle law
( Ministry of Health and Welfare, Ministry

of International Trade and Industry)

Law for promotion to reclaim the
food recycling resources

( Ministry of Agriculture, Forestry and
Fisheries, Ministry of Health and Welfare)

Law for recycling resources transformed
from materials of construction work

( Ministry of Construction,
Ministry of Health and Welfare)

Law for promotion to reclaim
the food recycling resources of

environmental articles by
Government

( Ministry of Agriculture, Forestry and
Fisheries,

Ministry of Health and Welfare)

Law for the promotion of
efficient use of resources

(Ministry of International Trade and
Industry, etc.)

› State the basic policy for
 the environmental preservation

- State the basic principles concerning formation of recycling society

› Stipulate measures of the promotion of the
  utilization of recycling resources
 -New stipulation of measures to reduce the
  waste release by addressing resource-  saving

product, longer life product, etc. and to reuse
the parts from withdrawal products in
addition to reinforcing measures of

  withdrawal-recycling of products for
producers.

-Promotion to procure environmental
articles by Government

› Stipulate the issues of waste disposal
 -Measures for inappropriate waste disposal
 -Promote the preparation of safety-appropriate
  facilities by Public participation
 -Tighten the regulations of permission for facility

› Stipulate measures for promotion to collect containers
and packages separately and to re-commercialize

› Stipulate measures for promotion to re-commercialize
 abolished electronic appliances as television set, etc.

-Promote to segregate-demolish construction
 material waste and to promote recycling

-Promote to control release of the food recycling
 resources, to reduce quantity and to reclaim
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Thank you, and good morning honoured guests, ladies and gentlemen.  It is
my pleasure to be here on behalf of the Government of Canada, at
Sustainable Buidling 2000.

It is certainly appropriate that Sustainable Building 2000 is being held in the
Netherlands.  One only needs to fly over Canada and then Holland to see the
impact that density has had on planning and design here.  There is much for
us to learn.

The idea for Sustainable Building 2000 began back at the Green Building
Challenge ’98 in Vancouver, Canada, when the Dutch representatives
offered to host the next Green Buildings Challenge.  Today, I am impressed
to see what has evolved from that proposal.  The over 800 people in
attendance, indicates the excellent job of the organizing committee has done
in putting together this conference.  Congratulations.



Judging by the continental presentations, we are in for an excellent
conference.

Sustainable Building 2000 is  part of a global movement  - a movement that
brings the environmental issues of buildings to the fore. The exhibition
demonstrates a move in the right direction.

Over the next few days you, the experts from around the world, will
exchange information and experiences on the issue of sustainability in
buildings, particularly on the use of specific building assessment tools and
methods.  We will be exposed to an exciting range of innovative planning,
design, and construction ideas as well as advanced green products and
services.  We will hear about both the challenges and opportunities for
environmental assessment tools and green buildings.  It promises to be a
busy and informative time.

In 1998,  the Government of Canada initiated consultations with other levels
of government, the private sector and environmental groups to develop a
national Implementation Strategy for Climate Change.  This strategy
expected to be complete by the end of this year, will outline a
comprehensive plan to meet Canada’s international climate change
commitments.

In the interim, the Government of Canada has announced a number of
measures to help us respond effectively to the challenges of climate change.

A $360 million Climate Change Action Fund is laying the foundation for
consultation and cooperation between the Canadian federal government and
the private sector.  It is also supporting early action projects aimed at
reducing CO2
emissions.

We are investing $700 million over the next 3 years to preserve and improve
Canada’s natural environment while harnessing new technology.  Some of
the initiatives relevant to us there today include, the $125 million Green
Municipal Enabling Fund that helps communities assess their environmental
needs and leverage private sector investment in areas such as building
retrofit, waste management and water conservation.  The Government of
Canada has also allocated $550 million for municipal infrastructure in cities



and rural communities across Canada,  including affordable housing and
green infrastructure.

In addition, a $100 million Sustainable Development Technology Fund will
help develop and deploy new environmental technologies, particularly those
aimed at reducing greenhouse gas emissions.

Internationally, Canada is contributing to new approaches to reducing
greenhouse gas emission though energy efficiency and renewable energy
projects in both developing countries and economies in transition.  The
official Development Assistance initiative, allocates $100 million for
technology transfer and related initiatives to help developing countries
reduce their green house gas emissions and promote sustainable
development.  An additional $15 million supports the World Bank’s
Prototype Carbon Fund.

The Government of Canada is not only advocating and funding
environmentally sustainable projects jointly with industry, we are also
“getting our own house in order”.

We are showing leadership by taking responsibility for our own emissions of
greenhouse gases through continued emphasis on energy efficiency and the
use of renewable energy within government operations.

Our greening activities are starting to show positive outcomes.  They are
reducing waste and greenhouse gas emissions, saving energy, improving
waste management practices, making for sound choices in materials used in
projects, enhancing work practices and transferring knowledge to the private
sector.

This bring me to Sustainable Building 2000.  This gathering marks an
important phase in The Green Building Challenge.   The Challenge, is to
objectively assess the performance of buildings and arrive at an appropriate
level of “greenness” in them.  This gathering is also a way of informing the
international community of scientists, designers, engineers and builders
about the result of green building evaluation, and to explore how we can
move forward from the research focus to practical and readily usable
assessment systems.  This is also a way to learn from each other.



The ultimate goal of GBC, and in fact this entire conference, is
sustainability.  Currently GBC is concerned with assessment.  This is
important in order to have a benchmark.....measurability.....a reference point.
In order to achieve truly sustainable buildings, all facets of planning, design,
construction, operation, and renovation must be addressed.  In short, a
holistic approach to develop all of a building’s life cycle in an harmonious
way.

The Green Building Assessment System and its software, know as the Green
building Tool, was the driving force behind GBC ‘98.  GBTool’s design is
based on first-generation systems developed in several countries, beginning
in the early 1990s. The system has now been tested on more that 70
buildings in 20 countries.

The GBTool has progressed from a first phase tool that was rather difficult
to use, to one that is currently acknowledged to be relatively easy to use,
while maintaining the depth of coverage.  However, it should be
remembered that this is an R&D process, and the tool requires further
refinement for implementation.  Nevertheless, GBC represents the first
attempt to establish a generic framework that is adaptable to various regional
and local conditions.

If the system can be made practical, technically-complete and cost-effective
in the near future, it offers a great potential to serve as the basis for the
development of the third-generation green building design guidelines and a
third-generation tool for building eco-labelling.  In this context, I should
note that the developers of existing systems in the UK, USA and Canada,
and those under development in Norway, Sweden and France, have all been
involved in the GBC work, and there continues to be a fruitful exchange of
experience between all parties.  Because of this, when it comes to
implementation - no matter what systems countries use - they will certainly
benefit from the GBC experience, whether they are based on GBTool or the
national systems.

Canada’s objective since we launched the Green Building Challenge in 1996
is  to have a workable system in place at the industry level, and this
continues to be the case.

Partnership are the best way for us to achieve progress on green buildings,
both within our won countries and internationally.  In Canada, one of our



most important partners has been the building industry itself, which has been
a key player in the Green building challenge.  Industry has brought a
different, but important perspective to the green building Challenge - the
need to ensure that green buildings are not only environmentally friendly but
affordable, functional and competitive in the market place.

We are in the process of forming a working group with national associations
representing the design professions and the construction industry.  The intent
is to ensure that there is a broad base of designers and constructors capable
of understanding and delivering sustainability. We want to make this
mainstream.

Research, science and technology are the backbone or our efforts to design
and construct better buildings.  But without industry cooperation and
commitment, commercialization of these new technologies and approaches
would not be possible.  Therefore, we plan to involves industry to an even
greater extent during the next phase of work.

Our efforts need to go beyond pure research, science and technology. They
must go to  practical, easy to use tools, standards and processes that can be
implemented through the broadest possible base of engineers and
constructors - but particularly, we need tools which can easily demonstrate
the economic and other benefits of sustainability to those in financial or
funding approval times.

We have come a long way since we last met two years ago in Vancouver.
We have gone from 15 teams representing 14 countries, to this year’s 19
teams from 18 countries.  All of these participating countries have
volunteered personnel with boundless energy, enthusiasm and efforts to
work on GBC. They, and their supporting organizations, should be
commended for such dedication, especially considering the great efforts
many of them had made in raising funds for their work.

In the future we can foresee a continuation of the GBC process.  The
Government of Canada will continue to take responsibility for coordination,
but other options are developing.  One of these is the International Initiative
for Sustainable Building, a proposed new body to promote sustainable
building.  The International Initiative for Sustainable Building held a
meeting just prior to SUSTAINABLE BUILDING 2000 and the current
scenario calls for them to take over responsibility for the international GBC



process in 2001.   If this does not come to pass, I am sure that some other
permanent international home will be found for GBC in the future.  IN the
meantime, Norwegian agencies have offered to host a conference for GBC
2002, so the prospects look bright.

There are many important themes and issues being discussed over the nest
few days.  As you attend various sessions I urge you to take in at least one or
two of the national team presentations in the Green Building Challenge
series of workshops, as well as the national pavilions, where you will se the
assessment results in addition of the background on national environmental
issues.  This presents an excellent opportunity to learn from each other.

We will all benefit from the rich international make-up of Sustainable
Building 2000, which will enhance the value of this conference by allowing
us to share our varied knowledge and experience across the globe.

I congratulate the organizers and I wish you all in informative and
productive conference.

Thank you.
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Sustainable Construction A challenge for
the European Union - a European view

point –

Karlheinz Zachmann EC Commission

Introduction: Sustainability - in fact a major challenge for the 21st Century

1. Looking for a definition from simplicity to complexity

2. The four priorities of the EC

3. Sustainability for construction in the EC frame

4. Sustainability of construction, a key element for construction competitiveness? The
three key points of attention; the relevant recommendations.

5. Is there a way forward?

Final reflection: the role of Commission and Member States - a must to play the game.

Sustainable Construction - a challenge for the European Union

Sustainability is certainly not a discovery of the beginning 211'' Century but it is one of
its major challenges. Sustainability as most of us are ready to understand is besides
preservation of the environment, of careful use of the scarce resources and safeguarding
of our living, one of the key factors of the survival of mankind on Earth. I don't need to
remind you the degradations on wildlife and forests. the pollution of rivers, lakes and
the oceans, the deterioration of the environment and the global warming since the first
serious admonitions of the Club of Rome. Today we have to cope with information and
globalisation of our economies on the one side. and with the problem of safeguarding of
mankind on Earth on the other. I doubt if these two extremes are at this moment quite
in balance - or ever will be.

For some Sustainability is quite simple, being more or less a synonym to protection and
safeguarding the environment in a wide sense. For others Sustainability is a notion
hiding a high degree of complexity and interdependence of hypothesis, assumptions
data and factors.
As far as I am concerned I think for the sake of this congress we can stick to the
following definition, drawn from a relevant draft report worked out in co-operation
with industry within the Commission services.

"Sustainable development is meant as a development that meets the needs of the
present without compromising the ability of future generations to meet their own
needs". This implies saine social progress, effective protection of the environment.
prudent use of natural resources and maintenance of a high level of economy growth
and employment.

11 is quite evident: on the EU level what actions or recommendations so ever, they
have to respond and fit in the four major priorities set out by President Prodi for the



coming 5 years:

- governance —  that means a better co-operation between European Institutions.
Member States and their administrations;

- to improve the voice of Europe in the world (this including enlargement):

- to combat social exclusion;

- to absorb the new technologies.

a) Good governance - here far beyond the fencing between EU competence and
subsidiarity - for the sake of a sustainable development - EU institutions, Member
States, as well as their regional and even local entities have to work together. In tact
sustainability does not stop at frontiers. It is a world problem!

Within the EU the EC must here be able to play the role of catalyser offering
common parameters, benchmarks and comparisons. However. all that means that the
EC must have the relevant means for this tasks and that all. Commission services,
Member States' governments and administrations and industry play honestly the
game.

b) Enlargement - the change of Europe is coming if we want this or not. The only
question is will this be in a democratic and orderly way or in a more or less chaotic
and hazardous one, giving room to all sorts of centrifugal forces.

We all know environment and sustainability are one of the key points in this
undertaking.

The challenge is high. We have to make more efforts to help the candidate countries not
to make the same errors as we did in the western world after World War II. The
candidate countries have a lot to preserve, to safeguard and to restore let's do it or even
better Lets build together in a new way e.g. in response to the criteria of sustainability

c)Combat of social exclusion and d)Absorption of new technologies: also these
priorities have without saying an impact on sustainability policy.

Who speaks of sustainability and requires its full respect in various sectors, he will be
also confronted with economic questions of the price, the costs to bear and the
defence of positions and markets and of competitiveness.

That is why in the frame of ongoing reflection on a competitiveness action plan we in
the EC have placed sustainability in construction —  I think quite rightly - in the
centre of our work.

Working for the time being mainly with the European construction and related
industries the task groups have focused on three key areas:

Environmentally friendly construction materials
Energy efficiency in buildings Construction and
Demolition Waste management.

The work of the relevant working group on sustainable construction has. as agreed
for all other WGs within the framework of the planed competitiveness action plan.
concentrated on work and projects not already covered by other EU actions and
initiatives in order to assure a real added value of this undertaking.

There are quite a lot of activities and initiatives which are directly or indirectly linked



to sustainable construction: waste and waste management, eco-labeling of products,
energy and energy saving programs, R+D and last but not least collection of data in
various areas.

Considering the importance of the construction sector and the range and multitude of
construction and construction related activities going from prospection and planning
(of single buildings to whole townships and complex civil engineering works) to
demolition, recycling and reuse, it is quite evident that the practical fulfilment of the
requirements for a sustainable construction is quite more than the three key areas
cited. Compared to other sectors of our economy construction is. I believe, the
biggest and most complex.

At the moment the ongoing preparatory work has already come to a series of
recommendations - to be quite well understood = addressed to all three parties
involved - Commission, Member States and Industry:
•  To launch a study to analyse the issue of incorporating environmental aspects

in construction product standards.
•  To benchmark regulatory, fiscal and financial measures oriented to increase the

energy efficiency of buildings in order to establish, disseminate and promote
best practice.

•   To develop codes of good practice by all parties involved in the construction
process, in particular promoters, designers, contractors, subcontractors and
material producers regarding construction and demolition waste. These codes
should aim at:

- selective demolition and/or waste segregation,
- promotion of prevention, re-use and recycling of construction and demolition

waste,
- no mixing of hazardous/non hazardous waste, including separate storage and

collection.

Sustainability is also for construction and our build environment one of the biggest
challenges for the 21'' Century.

Every day on which we lose grip on controlled. well-guided and disciplined
developments our habitat of life is more and more degrading and our next generation
and generations are less and less sure of their living conditions. we have failed in this
noble task.

By the way construction —  one of the oldest activities of mankind - can contribute a lot
- there are knowledge and skills, Lets use them!

What is the way forward for e.g. Europe? Despite overall budgetary constraints of
public and private entities sustainability must range highly before lowest price. Europe
must, if I may say so, in most, if not all aspects of sustainability be the benchmark. This
has a price! Are we ready - for the sake of our neighbours and our children, to invest
here? Or are we making further business as usual: waiting that our neighbours start,
bring offers first and then see if we cannot use for short term advantages our —  might
be - dominant position?
There must be in Europe and in the world - in the whole world - another way of
thinking and acting. The Kyoto Conference and its pursuing are really not very hope
giving in this respect, if I may say so.
Certainly we can and must already now act and do a lot but we must. and that is even
more pressing, educate our children and grand-children that they can make it in a world
where sustainable living is an absolute must for survival on our globe Earth.



As limited and decent as the means of the Commission are a day now and may be also
in the coming future. The Commission is ready to play its role as initiator. catalyser and
even as surveyor and warner, of this I am convinced. It is up to the members of this and
the future Union to play fully the game.

My I express my hope that this Congress will procure good presentations and
reflections leading to clear and convincing statements and recommendations -being a
help and tool for all policy makers around the world.
l wish this gathering a good success.
KhZ
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Sustainable Development is not a
status but a dynamic of change :

The  issue  for GTM  Construction  is :
 How to take part in a collective work ?
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Cette présentation est destinée à
mesurer et maîtriser l’impact sur
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The  sustainable  built environment
can  be  mainly  achieved  by

responsible and durable
construction  firms

GTM  Construction’s motto
« We  add  our  talents  to  develop  customer

loyalty »

« We  design - build - maintain and operate
works  of  lasting  significance  for  tomorrow »
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Eric M.A.M. Offermans MSc.Eric M.A.M. Offermans MSc.
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RockwoolRockwool
Stone wool insulation:Stone wool insulation:

> 100> 100 mln mln m m22

63 years63 years
7,300 employees7,300 employees

23 factories23 factories
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Sustainable manufacturingSustainable manufacturing

Emission reduction up to 50 xEmission reduction up to 50 x
Recycling factory builtRecycling factory built
ISO 14001 and EMASISO 14001 and EMAS

etc.etc.



Some data:Some data:

Domestic emissions part:Domestic emissions part:
UK dwelling heating costs:UK dwelling heating costs:

COCO22 housing emission EU: housing emission EU:

1 m1 m33 gas: gas:

Dwelling aged average:Dwelling aged average:

Heating consumption:Heating consumption:

Housing COHousing CO22 emission: emission:

UK dwelling COUK dwelling CO22

EU dwellings:EU dwellings:

Dwellings last:Dwellings last:

> 70 %> 70 %
160160 mln mln

25 y25 y
50 y50 y

eqeq 1 kg CO 1 kg CO22

600600 mln mln t/y t/y

14,4 t/y14,4 t/y

1200 £/y1200 £/y

> 45 %> 45 %

600600 mln mln t/y t/y



What insulation can do:What insulation can do:
Saving UK insulated dwelling:Saving UK insulated dwelling:

50 % saving on the heating bill:50 % saving on the heating bill:

EU savings insulation:EU savings insulation:

Side effect:Side effect:
renovating 1 % = 150,000 man-years of workrenovating 1 % = 150,000 man-years of work

8,2 t CO8,2 t CO22/y/y

600 £/y600 £/y

310310 mln mln CO CO22/y/y



Results:Results:
-- MexicoMexico 2 mln/y2 mln/y
-- AustraliaAustralia 3 mln t CO3 mln t CO22/y/y
-- SwitzerlandSwitzerland MinergyMinergy
-- USUS Federal examplesFederal examples
-- and so onand so on

Studies on reduction:Studies on reduction:
potentialpotential

-- ArgentinaArgentina 8.4 mln t CO8.4 mln t CO22/y/y
-- CanadaCanada 5.5 % CO5.5 % CO22 reduction reduction
-- JapanJapan 27,5 mln t CO27,5 mln t CO22/y/y
-- and so onand so on



Instruments:Instruments:
-- regulatory approachregulatory approach
-- building codesbuilding codes
-- market based incentivesmarket based incentives
-- tax reductionstax reductions
-- etc.etc.

Cost efficiency:Cost efficiency:
-- use existing technology like thermal insulationuse existing technology like thermal insulation

Communication campaign:Communication campaign:
-- contribute to save environmentcontribute to save environment
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AustraliaAustralia FARIMAFARIMA
MexicoMexico AMFATAFMAMFATAFM
EuropeEurope EurimaEurima
JapanJapan RWA/GFARWA/GFA
CanadaCanada CAMMVFMCAMMVFM

SustainableSustainable
building forbuilding for
our childrenour children
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environmentenvironment
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Skanska today

• Skanska is one of the world’s leading companies in construction 
services and project development

• Founded in 1887
• Sales last 12 months SEK 100 billion 
• 80,000 employees
• Operations in 60 countries
• Primary markets are Sweden, USA, Denmark, Finland, Norway, UK, 

Poland, the Czech Republic, Argentine and Hong Kong
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Global presence
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Environment and Skanska
Opportunities and risks

Accidents, badwill
Cost for cleaning up

Insurance costs

Effective use of resources
New business opportunities

Goodwill
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Client Supplier

Skanska’s role

Skanska

Contract

Expectations
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Skanska’s Environmental Policy - 
Principles

Think ahead
Ask when unsure
Be cautious and avoid materials or methods with 
assoicated environmental risks and unknown 
consequences
Consider that there are activities or projects where we, due 
to environmental risks, should not participate.
Chose and propose alternatives
Minimize the use of natural resources
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Skanska’s Environmental 
Management System
• First in our industry in the world to be ISO 14001 

certified
• 97 % of all units had environmental management 

systems in place by the end of 1999
• All units will be certified by the end of 2000
• Investment of more than100 MSEK.
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Project oriented EMS

Skanska
Organisation Client

EMSTools

Client
requirements

Site
Prerequisites

Project
Plan

Aspects
Targets

Indicators
Follow up

Project
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Significant environmental aspects - 
an overview

Land use planning

Design

Construction

Service life

Renovation

Demolition

Material  Chemicals  Energy.    Soil       Waste
                                  Cons.       Cont.
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A Construction Project

Design

           Handing
     over

   Sub-
       missionPlanning ConstructionDesign

 Risk  Assessment

Project Database

Ecometer

 Environmental Manual

Database of Chemical Products

Environmental 
Log-book
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Skanska’s Project Database

• information about projects that involve special 
environmental demands or interesting solutions

• 30 projects described
• available on www.skanska.com
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Skanska’s Ecometer
Tool for comparing and choosing ecologically 
better materials, building components, 
systems etc.

Size, shape, location 
Technical solutions

ventilation, water consumption etc.
Building components

units, materials etc.
Details

k-value etc.
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Skanska’s Ecometer
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Database of chemical products
• Five chemicals not allowed on a global level
• Each Business Area develops its own 

“black-”, “grey-” or “green lists”
• Database in Sweden with 2500 products
• Database in Denmark together with the 

construction sector
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Environmental Evaluation of 
Suppliers

• In 1999, more than 7000 suppliers 
were contacted

• So far, 100 of the 120 most important 
suppliers in Sweden were evaluated
=> classification in four classes:
• not approved 
• approved
• good
• very good
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Classification of largest suppliers 
in Sweden

Not approved: no documented legal compliance

Approved: legal compliance, product declarations 
with environmental data

Good: policy, targets and programs, plan for 
phase-out of chemicals, requirements on 
vehicles

Very good: certified EMS, eco-labelling and 
environmental product declarations
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Environmental Log-book
Includes:
• Building Product Declarations (Type II)
• Description of technical systems
• Directions for maintenance

... and practical advice on how to make your 
daily life more environmentally friendly
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Indoor Environment
• Focused allergy packages

• contact allergy
• “dust allergy”
• pollen allergy
• food allergy

• Skanska’s “Council of Experts”

• Training of employees

• Evaluation of building materials

• Inspections
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Conclusions 
 The client plays a key role
Regulations:  What - not how
 ISO 14000 a useful toolbox
More cooperation client - architect - builder - 

supplier
More research:

 systems
 energy
materials
 chemicals
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T o find the answers to these questions we
need to consult people from other

regions, countries or even continents. This is
exactly what we did during the opening
session of the International Conference on
Sustainable Building in Maastricht, last
October. Six participants, each representing a
continent, were asked to present an unofficial
view of sustainable building on their
continents. The result – indeed, most of us
take a very narrow view of sustainable
building. 
As starting point in this search, we begin with
CIB’s (International Council for Research
and Innovation in Building and
Construction) ‘Agenda 21 for sustainable
building’, which was issued in 2000. This

Agenda 21 (see box) aims to set general
sustainable building guidelines for use over
the entire world, with the main emphasis on
clarifying the terminology used. An extensive
worldwide study took place prior to
publication. 
Two statements borrowed from this research
were central to the conference session:
– sustainable technique cannot be

separated from sustainable economy and
sustainable sociology;

– priorities for sustainable building do not
need to focus on energy and material use,
but on urban development.

It will not be surprising that all six
representatives supported both these
statements. But that was also where the

similarities ended. In this respect the
additional information given about the
situation in Africa, where 58% of the world’s
nations exist on the lowest incomes, was very
illustrative. This continent has the fastest
growing urban development, so that towns
are least able to meet elementary needs,
resulting in dirt and disease.
When considering sustainable building in
Africa, many other aspects were discussed
than the new energy-saving technologies.
However, does this necessarily mean that rich
westerners can learn little from this
continent? No. The African story of reaching
the necessary agreement for housing in these
social-cultural circumstances was fascinating.
Homes built by the government are low,

Act local,  think global 

It looks so easy: starting from energy your attention widens

to include materials, then to social environment and urban

infrastructures. 

Before you know it you are working on the entire subject of

sustainable building. But is that so? Or is it just a narrow

view of a local situation?

II nn ss pp ii rr ii nn gg   cc oo nn tt ii nn ee nn tt ss     
by Anke van Hal and Ronald Rovers
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because the people for whom the homes are
designed prefer rooms that they have created
themselves, because this improves social
interaction.
Sustainable building in Africa does not mean
technical knowledge, but cultural
knowledge. Listening to the voice of the
people – this was the message that everyone,
whatever their background, could agree
with. The four African principles for
sustainable building (see box), based on
centuries old wisdom and experience, were
an inspiration to everyone.

National blinkers
The value of such international meetings
became clear right at the start of the
Maastricht conference: it brings a worldwide
perspective that makes it possible to
(temporarily) shake off our national blinkers.
Not only was the African viewpoint
inspiring, the Eastern Block countries also
offered food for thought (see separate
article).
Sustainable building in Asia also has a unique
approach. In the cities, the price of land is are
sky-high, which leads, for example, to
completely different values for buildings and

materials. There is a lesson to be learned
here: land should not be owned by anyone.
This was also an ancient Indian belief in the
North American regions.  However, densely
populated Europe will also be facing this
problem within a few decades or even earlier.
First signs of trouble are already being
noticed.
Then there is the interaction between the
developed (western) world and the struggle
for survival in the developing countries. In his
policy session paper, Mr Ngowi of Botswana
discussed an additional problem for Africa
and South America. “There are many
cultures with sustainable principles but, due
to western influences and ‘colonial’ use of
developing countries, their resources become

limited, and little space is left to act on these
principles. Now the main task is to survive,
rather than be sustainable. But in pushing for
survival people are acting in an unsustainable
way (within the remaining restrictions of
space and resources), thus speeding up the
process.”
This shows the strong relationship between
the activities in the western world and those

of the developing world: in other words: if
the western world embraces sustainability in
a serious way, this also gives the developing
nations space for sustainability. Or, to put it
another way: the western world faces an
immense task, to become independent of the
developing countries, allowing sustainability
in both worlds, within their own individual
cultural approach.
Product development is a subject area where
many countries can learn from each other,
and is relatively independent of local
circumstances. Exchanging knowledge of
construction and materials could lead to
fruitful initiatives.
This continental approach was an eye-opener
that was much appreciated and could inspire
new initiatives. The first of these is that a new
Agenda 21 has been drawn up for sustainable
building in developing countries (see page
20).
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The publication 'Agenda 21 on sustainable construction‘ is an initial

attempt at international collaboration concerning sustainable

building. The starting point is that each country should define its

individual themes and priorities. Those drawing up the report

confirm that the situation in the countries is so different that trying

to use the same approach throughout all these countries is simply

not feasible. Defining the terminology more clearly and developing a

platform for collaboration is the first priority.

The aforementioned report is published by the International Council

for Research and Innovation in Building and Construction (CIB). The

CIB is an international organisation in which 50 committees focus

on building aspects. Sustainable construction is one of the priority

issues. The report is available on the CIB website (www.cibworld.nl)

or via the secretariat (telephone number +31-10-4110240). 

aa tt   SS BB 22 00 00 00

SSUUSSTTAAIINNAABBLLEE  BBUUIILLDDIINNGG  --   
TTHHEE  AAFFRRIICCAANN  WWAAYY

The following African principles contribute to sustainable building.

1. Use no more than you need (sufficiency).

2. Respect life and all relationships between species (spirituality).

3. Nature cannot be owned, but man should take good care of it

(stewardship).

4. Without respect and attention to others there can be no peace and

prosperity (social responsibility).
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Sustainability requires a new approach to building activities, e.g.

integrating practical aspects, a long-term perspective and multi-

generation responsibility. Europe currently enjoys industrialisation,

high mobility, high urbanisation, and cultural and social diversity.

Characteristic for industrialisation is the high income per capita in

Western Europe, high energy and mass flows per capita and

domination of technologies. The current high-mobility problems

include the strain on the infrastructure and the uncontrolled

development of mobility. High urbanisation levels have resulted in

population density and show the importance of the building stock.

The cultural and social diversity is obvious (between Western and

Eastern Europe) but there are also differences in Western Europe

between the north and south. In most European countries the state

still plays a central role. Almost all towns have some kind of historic

centre that is maintained by the local authorities.

The main protection goals

focus on ecology,

economy, and the social

and cultural

circumstances. To achieve

ecological protection goals

we need to limit our

resources and reuse

existing ones. The health of

the environment requires a great deal of attention. Economic

protection goals focus on funding and running costs, i.e.

maximising capital and reducing running costs where possible.

Social and cultural protection goals concern human health, urban

development, landscape and towns. Allergies, respiration and the

food chain are the main human health topics. Decentralisation

forms the main problem for urban development. The cultural and

natural dimensions of the landscape need to be protected just as

much as the old towns, as it consists of non-renewable cultural

resources.

Many parties need to work together to tackle all the aforementioned

problems, but users (consumers) also need to take their individual

responsibility. We are now used to having luxury around us, but it is

a new luxury that we should be striving for – time, space and

attention. Construction companies need to change their strategy

from flow management to stock management and from production

to service. Long-term political objectives and the fiscal basis of

external costs are important for national policies.

The importance of education and research is undervalued. More

education towards individual and collective responsibility, as well as

more multidisciplinary research, is required in the future. 

Niklaus Kohler
Institut für Industrielle Bauproduktion
Universität Karlsruhe
E-mail: niklaus@ifib7.ifib.uni-karlsruhe.de
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A f r i c a
Africa consists of two points of view that coexist and interweave

without ever really becoming one, and these two viewpoints

have widely diverging notions of sustainability.

The first is imported from the West – the steel and concrete

buildings of Johannesburg, Lagos and Harare – where sustainable

building is based on the western model of sustainability with its

emphasis on resource efficiency, durability and creating economic

wealth.

The other side of the coin shows the real Africa with its brutal

problems posing a very different development challenge. Of the

45 African countries, 38 are categorised as low-income nations.

There are no high-income countries in Africa. Only 20% of the

available land area is arable and the continent is losing arable

soil eight times faster than natural processes can create it, yet

70% of the people in Africa make a living out of agriculture. In

the 10 fastest growing African towns, the average population

density is 193 people/hectare. Most people live in what can only

be called enormous villages where only 47% of households are

connected to the water supply in some way, and 22% are

connected to a sewer system. Every day droughts, flooding and

civil unrest are sending millions of rural people to the urban

areas. The urban population in Africa doubles every 20 years, a

rate that far exceeds the ability of cash-strapped local

authorities to provide the necessary infrastructure. These

towns are rapidly reaching their limits, which in turn causes

other problems, such as ill health. It is safe to say that issues

such as energy efficiency and improved ventilation systems are

very far down the list of priorities

for sustainable construction on the

African continent.

From an African perspective, sust-

ainable urban development is the

focus for sustainable building, and

while considerable technical

innovation and know-how is

needed, there is no way the

development problems of Africa are

going to be addressed in a

sustainable manner if the social and

economic sustainability issues are

not addressed at the same time. A

reinterpretation of the African

viewpoint and traditions provides

some guiding principles for African

understanding of sustainable

development that is relevant to the

problems of the continent.

These principles are based on two
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sideas that are integral to life in Africa. One is impermanence – the

acceptance that everything must die, including buildings. This

allows buildings to be built according to deep ecological

standards of sustainability. The other is interconnectedness – an

almost spiritual understanding of the connection and

interdependence of individual and community, humans and

nature, and the visible and invisible worlds.

From these grow the following four principles that Africa

contributes to the understanding of sustainable

development:

– sufficiency - don’t use more than you need;

– stewardship – people cannot own nature, but can only take

care of it in a responsible manner;

– social responsibility – without respect and consideration for

others, there can be no peace and no prosperity;

– spirituality – revere and respect the web of life and the

individual’s connection to the greater whole.

To achieve a sustainable building strategy that is relevant to

Africa, the two perspectives of sustainability – Western and

African – need to be integrated so that together they can become

far more effective than the two individual perspectives.

Chrisna Du Plessis
CSIR (formerly known as the Council for Scientific &
Industrial Research)
E-mail: cdupless@csir.co.za
Internet: www.csir.co.za
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Land is the basic matrix of life and all development activities generate
on or from it.  The other essential item for generating development

activities is capital. In most developing countries absolute value is based
on land holdings. The fact that land can be traded is, in itself, the core of
the problem.
Sustainable and appropriate water supply systems are vital for any urban
centre. At present, most water supply lines are installed underground,
which is a primary cause of water-related disease problems. Since the
water supply in a centralised system, as we now have in India, cannot be
guaranteed around the clock, local authorities can only supply water
during specific times, forcing households to store water, often in
unhygienic receptacles. Shutting down the water supply at intervals also
causes vacuums in the pipes, resulting in their deterioration, thus
contaminating the water with debris.
Building activity and building-related industrial production accounts for a
large proportion of the developing nations’ gross national product (GNP).
Using inappropriate building technologies is the largest single contributor
to environmental degradation, depletion of natural resources and unequal
distribution of wealth and opportunity. Developing nations should
therefore focus on using appropriate technologies in their building
industry.
At least 50% of a developing nation’s GNP is spent on building
technologies. Of this, around 60% is spent on materials and 40% on
labour costs. Therefore, in order to have sustainable development it is
imperative that we identify the areas where large-scale industry and small
enterprises are required. If, as in the case of most large industries, the add-
on is more than 40%, there is clearly unsustainable and inappropriate
development.
Misusing building materials is probably the largest single factor
contributing to environmental degradation. Traditionally, a considerable
amount of importance was given to the selection of materials, to ensure
conservation of natural resources. It is the incorrect choice of materials
that has resulted in the environmental degradation that we see today.
These are just a few of the issues concerning sustainable development,
building technologies and materials, and yet they form the core of
sustainable development policy. Once the question of large-scale industry
versus small enterprises is addressed it becomes obvious that there is more

For over a century the modern-day social framework has

ensured that towns have developed parallel to political and

economic resources. In other words, as long as there is

ample money available and access to other resources, most

modern towns have rapidly developed with little

consideration for their natural environment and long-term

sustainability. 
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at stake here than just building materials. To ensure consistent
sustainable development at all levels, long-term strategies must
encompass the manufacturing processes, creating viable livelihoods,
appropriate technologies and materials. Once these strategies are
combined with the necessary policies for land and water, sustainable
urban strategies for developing countries can be implemented and a
healthy future ensured. Raising public awareness of environmental
and equity issues is indispensable for this process.

Anil Laul, Anagpur Building Centre, India

E-mail: anillaul@del2.vsnl.net.in

Afterthought
After the first day of conference deliberations and presentations I was
totally amazed to see the tremendous pace of the work towards
sustainable buildings taking place all over the world. The variety of
directions being adopted to achieve sustainability was extremely
inspiring. There is complete realisation all over the world that we
must take a good hard look at the towns that we are creating for
ourselves, and urgently evaluate whether we are driving ourselves to
an extremely unsustainable limit. 
The daily conference sessions were a huge learning experience
expressing the need to move forward. The evenings spent in the town
also showed us the warmth of the traditional. 
One could not have hoped for a more appropriate setting for this
conference than Maastricht, where we saw the futuristic alongside the
traditional. The fact that people responded differently by day to
during the evening was an eye-opener in itself.
Considering the fact that around 60% of a nation’s gross national
product is spent on the construction industry (in one form or another),

the next decade will see a tremendous amount of
stress on sustainability and the SB2000 conference is
a good forerunner in this area. Apart from spending
the most money, the construction industry is also the
largest single contributor to environmental
degradation. It is therefore most appropriate that we
go beyond the realms of sustainable building and
examine sustainable human settlements as a whole.
Man has made tremendous progress over the last
century but has constantly refused to look back and
learn from the mistakes of the past. The frenzy with
which man has worked during the Industrial
Revolution is stunning, but the environmental
degradation has also been alarming and never before
has mankind been faced with the prospect of total
destruction.
There was so much to learn from the SB2000
conference as far as looking ahead is concerned, but
equally important was the fact that we need to re-
evaluate and take stock.
Maybe we need to step back – into the future. 

South America encompasses an
extremely wide range of environmental,

social and economic conditions. Excluding
the Antarctic region, the range of latitudes
covers a distance equivalent to that from
Darwin, Australia, to Central Siberia. The
range of climatic zones includes the

equatorial rainforests, tropical deserts,
temperate pampas grasslands, cold deserts,
cool Andean forests and permanent ice fields.
The social and economic contrasts are also
extreme, with concentrations of wealth held
by small groups while large sections of the
population live close to the poverty line. The

government is weaker than in the more
developed regions of the world due to: 
– long periods of military rule without

democracy in most countries of the
region;

– pressure from powerful local interest
groups and foreign investors; 

South America
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Using local materials and
building methods in
constructing an orphanage in
the Gorka district, Nepal

A s i a  c o n t i n u e d



– legal traditions that defend individual
rights;

– the lack of technical expertise and
scientific capacity in many state
organisations.

While the environmental impact of forest
clearance in the Amazon region and petrol
extraction in the north are well known, local
industrial and agricultural pollution
continues with little control in most regions
of the continent. In most countries both
legislation and public awareness of
environmental issues are still limited, though
this is increasing due to improved
international communication.
However, the region still has low
environmental costs compared to other
regions of the world. The environmental
impact of buildings is also lower than in
many other regions due to a series of
complementary factors, e.g.: 
– fewer materials are used due to lower

spatial standards in housing and other
buildings; 

– average climatic conditions require less
heating as winters are mild in most parts
of the region; 

– comfort expectations are also lower than
in more developed countries; 

– building methods are conventional and
using locally available materials also
reduces transportation.

However, the growing impact of
globalisation is rapidly changing this
panorama, as the introduction of new
technologies and design, synthetic materials,

higher environmental standards, and more
sophisticated installations will inevitably
increase environmental impacts. The
growing use of air conditioning is beginning
to put a strain on the energy infrastructure as
well as increasing energy use in the building
and urban sector.
Faced with this changing situation, two
courses of action could be implemented to
promote sustainable development in this
region. On the one hand, there is a need to
analyse, evaluate and improve the
environmental performance of the new high-
impact modern buildings but, on the other
hand, there is a clear requirement to study the
low-impact traditions of the region to guide
the transition process.
For this reason, the built environment is a key
sector in promoting sustainability in the
social and economic development context.
However, for the majority of the South
American population, sustainable develop-
ment will require basic improvements in
living standards and working conditions,
e.g.:
– access to clean drinking water; 
– improved construction to reduce diseases

such as malaria;
– control of climatic extremes within the

dwelling to achieve thermal comfort and
healthy living conditions.

The response to many of these issues will
depend on design factors rather than, for
example, the estimated emissions of
greenhouse gases. It is argued that design
quality which promotes long-term durability,

flexibility, adaptability etc.,
thus providing high-quality
environments, will provide
an important contribution to
sustainable development.
Despite the lack of formal
environmental awareness in
the region, much of the
building construction and
urban development uses
sustainable materials with a

fairly low environmental impact. However,
globalisation is introducing new materials
and technologies as well as higher
expectations with the emulation of  ‘first
world’ images and models that may be
inappropriate in this context.

Conclusions 
Continued globalisation is rapidly changing
the environmental impact of buildings by
introducing new technologies, design trends,
synthetic materials and new installations.
More air conditioning is already straining the
energy infrastructure. Specific design
variables should be contemplated to ensure
‘sustainability’ that responds to the
requirements of user and site, while
international frameworks may allow a
common methodological approach.
Increasing environmental awareness is a key
priority but the following actions would also
go a long way towards promoting
sustainable development in Latin America.
1. Analysis, evaluation and improvement of

the environmental performance of high-
impact modern buildings. 

2. The study of regional low-impact
traditions could guide the transition
towards a sustainable future.

Silvia de Schiller

Reserach Centre Habitat and Energy

Faculty of Architecture, Design and

Urbanism

University of Buenos Aires

E-mail: schiller@fadu.uba.ar
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CONTINENT SESSION: SB2000

Sustainable Building in South America: a regional report

Silvia de Schiller
Research Centre Habitat and Energy

Faculty of Architecture, Design and Urbanism
University of Buenos Aires

Introduction

South America covers an extremely wide range of environmental, social and economic
conditions. Excluding the Antarctic Sector, the range of latitudes covers 15° N to 55° S, a
distance equivalent to that from Dar-es-Salam to Copenhagen or Darwin, Australia, to
Central Siberia. With such a wide range of conditions, the sweeping generalisations given in
this report does not reflect the extremely wide range of regional variations. However, it is
hoped that the insights provided help to explain the specific requirements and problems
related to green building in the context of sustainable development for this region.

The range of climatic zones include the equatorial rainforests, tropical deserts, temperate
pampas grasslands, cold deserts, cool Andean forests and permanent ice fields. The energy
sources are also varied, with high proportions of hydroelectricity in Brazil and Argentina,
important gas deposits in Bolivia, Argentina and Venezuela, major petrol fields in Venezuela
and Ecuador, as well as significant fields in many South American countries. However,
traditional fuels such as firewood are still and important energy source in many countries of
the region.

Industrial development is also varied, with high concentrations of modern production in cities
such as Sao Paulo and Buenos Aires, while local small scale cottage industries predominate
in the rural areas. Major multinational companies operate in the modern sector, though many
of the extractive industries such as copper, precious metals and logging, are still controlled
by local firms or nationalised industries.  The rapid privatisation process of the 90’s has
strongly modified the decision making structure and transferred many key industries,
including the energy sector, into private hands. With the reduction of national governments
influence, social inequality is becoming more evident with increasing environmental
problems.

The social and economic contrasts are also extreme with concentrations of wealth held by
small groups while large sections of the population live close to the poverty line. Government
is weaker than in the more developed regions of the world due to a series of factors; long
periods of military rule without democracy in most countries of the region, pressure from
powerful local interest groups and foreign investors, legal traditions that defend individual
rights and the lack of technical expertise and scientific capacity in many state organisations.

While the environmental impact of forest clearance in the Amazon and petrol extraction in
the north are well know, local industrial and agricultural pollution continues with little control
in most regions of the continent. In most countries, legislation to promote environmental
impact studies has only been introduced recently and public awareness of environmental
issues is still limited, though increasing due to international communication.



However, the region still emits low environmental impacts compared with other regions of
the world. Per capita energy consumption is well below the values found in Europe and
North America, while industry has reduced impacts compared with other regions with higher
production levels. The population density is generally low and, on average, agricultural
impacts are reduced when compared with the intensive methods used in other regions.
In the energy field, the change to natural gas and the large proportion of hydroelectricity
implies that carbon emissions per kilowatt hour are lower than in previous decades and less
than many other regions of the world, especially those where coal is still used for electrical
generation and industrial processes.

Environmental impact of building.

On average, the environmental impact of buildings is lower than many other regions of the
world due to a series of complementary factors:
• With lower per capita space standards in housing and other buildings, fewer materials

are used.
• Average climatic conditions require less heating as winters are mild in most parts of the

region, with no heating requirements at all in the vast equatorial zone. Comfort
expectations are also lower than in more developed regions.

• Building methods are conventional, with simple masonry construction techniques, such
as hollow brick and clay blocks, or simple traditional timber building construction.

• In rural zones, many renewable and low impact materials are used such as thatch,
adobe, un-sawn timber, lime. This use of locally available materials also reduces
transportation.

Materials that may adversely affect indoor air quality and health are few, though there is a
lack ok knowledge as to the potential impact of many materials. Indoor air quality is not
generally considered to be a problem as most buildings are naturally conditioned and
infiltration rates are high, especially in the residential sector. Modern office buildings tend to
suffer the same problems are their counterparts in other regions of the world, though energy
demand is high due to climatic impacts, and maintenance standards  may be lower.

The growing impact of globalisation is rapidly changing this panorama, as the introduction of
new technology and design, synthetic materials, higher environmental standards and more
sophisticated installations will inevitably increase environmental impacts. The growing use of
air conditioning in most countries of the region is beginning to put a strain on the energy
infrastructure as well as increasing energy use in the building and urban sector.

Building for sustainable development

The built environment is a key sector to promote sustainability in the context of social and
economic development. However, for the majority of the population in South America,
sustainable development will require basic improvements in living standards and working
conditions, such as:

• Access to clean drinking water and the introduction of basic urban sanitation
infrastructure is a vital issue.

• Improved construction can eliminate or reduce endemic diseases such as Chagas,
malaria, carried by insect vectors, etc.



• Control of climatic extremes within the dwelling can achieve thermal comfort, improve
productivity, reduce stress and promote healthy living environments.

• The built environment and the building materials sector is potentially an important
generator of local employment, especially for the absorption of migrants from rural
areas, who move to growing urban settlements.

• Appropriately planned urban development can also favour access to employment,
health and educational facilities, important component of sustainability from the socio-
economic point of view.

• An important proportion of all buildings are designed and built without professional
intervention, and many residential buildings will be modified over time by their owner
occupiers.

• Building codes and planning regulations should include environmental issues,
expressed in a clear and comprehensible manner to achieve effective implementation,
complemented with design guidelines.

• Mega-cities attract population growth and create increasing environmental conflicts.

Design for sustainability.

The response to many of these issues will depend on design factors rather than detailed
analysis of energy demand for materials production, the availability of raw materials or the
estimated emissions of green house gases.

With globalisation trends, large scale industrial plants tend to have very similar efficiencies,
regardless of location. While the embodied energy of cement is fairly constant for the
majority of factories in the region, the design of concrete structures can reduce the quantity
of material used. The energy content and environmental impact of a sheet of glass is also
fixed, but the effect of the glazing on the inhabitants will vary greatly according to facade
orientation.

For instance, a low rise building that can be adapted over time and can be modified by the
users will be more sustainable than a less flexible multi-story construction. Many large cities
of the region have examples of the large scale housing projects that experience major
maintenance and social problems. It is therefore argued that design quality that promotes
durability, flexibility, adaptability over time and provide high quality environments will provide
an important contribution to sustainable development.

Conclusions

Although there is a clear lack of formal environmental awareness in the region, this does not
necessarily mean that buildings have high environmental impacts. On the contrary, much of
the construction and urban development uses sustainable materials with low environmental
impact. However, the impact of globalisation in architecture and urban design is not only
introducing new materials and technology, but also higher expectations and emulation of
‘first world’ images and models that may be inappropriate for the environmental, economic
and social context.

Faced with this changing situation, of rapid and uneven evolution, two lines of action could
be implemented to promote sustainable development in this region. On the one hand, there
is a need to analyse, evaluate and improve the environmental performance of the high
impact modern buildings, such as high rise offices, private sector multi-storey flats, etc. On



the other hand, there is a clear requirement to study the low impact traditions of the region to
guide the transitions taking place at present.

In the context of South America, my response to the issues proposed by Anke van Hal
include:

• Sustainable construction is directly related to development and therefore interacts with
the socio-economic context.

• Though technical aspects of sustainable building are quantifiable and more amenable to
detailed technical analysis, this aspect alone will not ensure sustainability.

• In the region, energy efficiency is required primarily to improve availability and avoid
expensive generating and distribution infrastructure, rather than to reduce environmental
impacts.

• Sustainable development is also related the configuration of the built environment at the
urban scale, involving issues under discussion such as the “compact city concept” and
the revision of “greening the cities”.

• Both at the urban and building scale, design variables should be contemplated, such as
building and urban form, orientation for sun and wind, use of outdoor and intermediate
spaces, etc.

With globalisation and rapid urban development, environmental impacts of the built
environment  are increasing. Green building is not yet a wide spread demand, but is an
essential prerequisite to ensure the sustainable development of the region.
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Sustainable Building 2000 (SB2000)
combined two previous series of

conferences into one: CIB W-100 Buildings
and the Environment (Watford, 1994 and
Paris, 1997) and Green Building Challenge
(Vancouver, 1998). It is encouraging to see
that SB2000 attracted contributions from 45
countries all over the world, covering a wide

The International Conference on Sustainable Building 2000 (held in Maastricht, 22-

25 October 2000), marks the changes in construction markets throughout the world.

Buildings have a considerable lifespan, and people spend a great deal of time

inside buildings. Decisions about building design, construction, use, maintenance,

renovation, demolition and reuse and recycling of buildings therefore have a huge

impact on the sustainable development of our societies. SB2000 not only

addressed the technical aspects and latest research findings, but also policy

issues and marketing aspects of sustainable buildings, cities, construction

technologies, building services and environmental assessment systems.

range of approaches and views on possible
ways of achieving a sustainable develop-
ment. Even more inspiring was the number
of participants (over 800, from 49
countries), with backgrounds ranging from:
property developers, architects,
manufacturers, contractors, consultants,
university researchers and students, as well

as local, regional and national government
representatives.
The overall objective of SB2000 was to
address long-term sustainability goals for the
building sector and directives towards
implementation. Based on the understanding
that sustainability in the building sector can
only be achieved if it involves both bottom-
up and top-down approaches, as well as
markets and governments, individual
buildings and cities, citizens and industry.
SB2000 was structured into a programme
consisting of plenary sessions, parallel
sessions, Green Building Challenge 2000
results and an exhibition of 18 national
pavilions and sponsored contributions. A
number of formal and informal side events
were held to launch new initiatives.
In order to reach conclusions based on the
audience’s view, each parallel session was
concluded by a reflection of three issues: 
– What is the striking news of each

session? 
– Does it contribute to factor X goals? 
– How can we further develop and

implement this issue?

Policy and overview
– We need performance targets to make

political commitments meaningful and

by Chiel Boonstra – 
Ronald Rovers
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Plenary opening speakers receiving the first copies of Options

for Change, 10 years of sustainable building in the Netherlands,

From left to right: 

Jef Pleumeekers, director Novem; Johan Remkes, state secretary 

for housing, Netherlands; Karlheinz Zachmann, construction

contact EU; Shoici Ando, director, Min. of Construction Japan; 

Bruce Lorimer, director general, Ministry of Public Works and

Government Services, Canada.

See for their speeches at :

http://www.novem.nl/sb2000/Documenten/papers&reports/

Papers&reports_frames.htm
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to move the industry. 
– Quantified targets can make semi-

philosophical discussion of factor X
meaningful.

– We need to interface environmental
issues with economic and social
sustainability.

Environmental assessment and tools
– Performance assessment systems and

sustainability indicators can support the
implementation of quantified political
targets.

– There is a need for international
procedures on environmental
information concerning building
materials.

One discussion addressed the need for
harmonisation of policies and tools on
sustainable building. Participants
recommended that we distinguish between
the harmonisation of methods/tools and that
of regulation/legislation, as well as
distinguishing between environmental
assessment of building products and
complete buildings. 

Conclusions were:
– to harmonise an LCA-based (life cycle

analysis) environmental assessment
method for (building) products and
perhaps a product declaration format.
Harmonising assessment methods is
expected to take less time than
producing a uniform product declaration
model. It may be useful to separate the
product declaration format into a
harmonised part and a country-specific
part. This takes into account cultural
differences and leaves space for
innovation.

– further research is needed to harmonise
environmental assessment methods at

the complete building level, taking into
account the local aspects in different
countries and the differences between
residential and office buildings.

Urban sustainability
– Urban sustainability issues need more

analysis and development. These are
very complex issues with a great deal of
regional variation.

The relationships between the
aforementioned conclusions were well
illustrated in a contribution by Ray Cole and
others (SB2000 Proceedings pp. 22-24).
LCA methodologies attempt to profile the
performance of materials, components and
buildings through time, and successfully
entrench the notion of an extended time
context for discussing buildings. Green
building design is cited as incremental
improvements in the environmental
performance of buildings beyond typical
practice, but typically without reference to
timeframes or matched to other contextual
factors. By contrast, environmental
sustainability implies long timeframes of
responsibility – well beyond that currently
practiced or envisaged, and beyond the
building life expectancy embodied within

LCA models. Realigning societies toward
sustainability may profoundly influence
what, where and how we build. Assuming
rational transition towards sustainability,
meaningful change can only occur over a
long period of time.
Over the past decade an increasing number
of architects, designers and building owners
have embraced the concept of ‘green’ design,

typically in the form of easy, ‘win-win’
strategies such as energy efficiency or using a
few environmentally friendly materials. But
in this incremental process, increasing
degrees of ‘greenness’ involve looking at
broader timescales and issues, such as:
– initially focusing on the most immediate

issues: initial costs and usage strategies,
such as energy efficiency, water
conservation, and indoor air quality;

– taking a slightly broader view, looking
perhaps at upstream environmental
impacts of materials or recycled content
of materials;

– embracing the entire lifecycle of the
project and its components, including
issues of durability and adaptability.

This is also the current extent of most
building environmental assessment systems.
There is an implicit assumption that green
design, by continually reducing resource use
and ecological loading, is charting a
sustainable path. However, a significant
realignment towards a more holistic and
sustainable approach, both in design and its
assessment, may not be possible until the
links between building performance and
larger scales are acknowledged. The
individual building, it would seem, is a too
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constraining level to define sustainable
practice and the next significant advances in
environmental assessment methods will
invariably have to explicitly extend
boundaries of assessment, i.e.:
– relating to the community or region in

which a building is located – considering
regional economic and social issues
along with environmental issues;

– relating to a global context and the
associated environmental economic and
social issues.

Assessment systems reflect the prevailing
‘world view’ and an associated value set –
the criteria that are included in the
assessment system are considered priorities.
By embodying the notion of the ideal
performance they can be important tools for
transforming building design.
Sustainability will necessitate systems-style
thinking – one which emphasises complete
units rather than their constituent parts,
relationships not specific entities, processes
and transformations not physical structure,
quality not quantity and inclusiveness rather
than exclusiveness. These are not the
underpinnings of current environmental
assessment methods and are not easily
superimposed on them.

Design process and construction
– Glocal (global + local) approach.
– A design process for sustainable

architecture should be more open,
comprehensive and cyclic.

Sustainable building services
– Large potential for energy savings in

large office buildings.
– Look for win-win situations in normal

maintenance cycles from short-term to
long-term.

Professor Kazuo Iwamura referred to the
Glocal Approach that architects should
follow in order to contribute to the creation
of a sustainable society, taking into
consideration both global issues and local
matters. (SB2000 Proceeedings, pp. 132-
134). In other words, architects must adopt
a global vision regarding the effects of
architecture on energy, natural resources,
the economy and the environment. Even
more importantly, they must develop
beautiful solutions. Their solutions should
not only be compatible with local
characteristics of the building site, but
compatible with the human and socio-
cultural environment as well. While these
two elements are often considered to be
opposing in principle, the holistic view of
sustainability requires integration of both in
terms of time, space and humanity – which
can be best expressed by the term: Glocal
(global + local approach).

Reuse, renovation, recycling
– Promising examples of reused buildings

have been shown.
– It is possible to assess and quantify how

(and if) building renovation is more
sustainable than new construction.

– High-potential materials needed to
achieve sustainability goals.

Marketing sustainable building
– Industry is starting to take up

sustainability as part of mainstream
business.

– A continuous active government
involvement is required in establishing a
sustainable built environment.

Section 24 of the South African Bill of
Rights states that (SB2000 Proceedings p.
301): "Everyone has the right to have the
environment protected for the benefit of
present and future generations, through
reasonable legislative and other measures
that secure ecologically sustainable
development and use of natural resources
while promoting justifiable economic and
social development".
A paper on Sustainable Building
Implementation from a Japanese Perspective
(SB2000 Proceedings pp. 58-60) concludes
that problems relating to sustainable
building cannot be solved only through
traditional academic approaches. The
integration process has connections with
geographical, demographic and cultural
context in the region.
The Dutch approach showed a project
where industry develops product
declaration sheets, market parties developed
environmental assessment methods, while
the government establishes benchmark
targets for energy and materials.
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The integrated approach to building while caring for the environment is

only just starting to take off in Central and Northern European countries.

The concept of sustainable building includes aspects such as water,

energy, waste, materials, traffic, health, flora and fauna and social issues.

Awareness of this concept is still fairly low in these regions. However,

members of the international network of Organisations for the

Promotion of Energy Technology (OPET) in Latvia, Slovenia, Hungary,

Bulgaria, and Slovakia, together with Novem (the Netherlands), have

made a joint effort to take the first steps towards increased

implementation of sustainable building in their countries. 

By analysing the national situation, organising a training session,

workshop and discussions, the participants have defined requirements

for successful implementation of sustainable building. These

requirements cover not only technical capabilities, but also institutional,

strategic and financial aspects. The participants also defined the relevant

parties in their countries. The steps that can be taken to increase

sustainable building implementation were set out in a Manifest during

the International Conference on Sustainable Building 2000, which was

held in Maastricht, the Netherlands. These steps range from identifying

parties and creating awareness, to creating a network and a dialogue on

the topic, or preparing strategies, policies and programmes. The role of

the OPET organisations will mainly focus on transferring national and

international knowledge, creating awareness and acting as intermediary

in the coalition building process and bringing the various parties

together. Each OPET will organise a national workshop in the near future

as a follow-up to SB2000. The results of these workshops will be

published in due course. 

AS

Manifest on increased implementation of sustainable building in
Central and Northern Europe
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0SB2000 marked changes in the construction

markets all over the world. There is a clear
notion that sustainability is a common issue
irrespective of location and economy. It is
also clear that solutions differ in time and
place to acknowledge the variety in culture,
climate and conditions. During the final
plenary discussion it was concluded that
SB2000 was useful and inspiring, but
participants were recommended to "plant a
tree, plus an additional tree for every 1,000
miles travelled, to compensate for the
environmental load of attending the
conference".
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As presented in the closing

session and based on reports

from the various sessions and

meetings, the closing document

consists of three sections:

• outcome;

• conclusions;

• recommendations.

Outcome

• This is the first in a series of

official Sustainable Building

Conferences, the next event,

SB2002, will be held in Oslo,

Norway. 

• The international initiative for

Sustainable Built Environment

(SBE) has been officially

established and new members

are welcome.

• Five Central and North

European countries have signed

a manifesto agreeing to

collectively organise national

SB2000 follow-up events, to

enhance awareness and find

solutions to financial obstacles.

• A third period for GBC (Global

Building Challenge) has been

established. The next meeting

will be in March in Santiago,

Chile, with an additional five new

and very ambitious countries.

• A new magazine, entitled

Sustainable Building, was

established to address the topics

discussed in the series of

conferences.

Conclusions

• A sustainable agenda operates

on scales of materials, buildings,

and urban regions, and should

also include functional, social,

economic, and ecological

factors.

• Strategies for reaching a

sustainable built environment

should reflect varied regional

conditions and priorities, and

various implementation models:

think global, act local.

Industry is starting to take up

sustainability as part of its

mainstream business, but there

still is a need for continuous

active government involvement

in establishing a sustainable

built environment.

• Quantified performance targets

are required to make political

commitments meaningful.

Performance assessment

systems and sustainability

indicators can support this.

• There is a need for an

international initiative aimed at

addressing sustainable

construction using materials and

material cycles, including reuse

and recycling.

Recommendations

• CIB should stimulate further

worldwide dissemination of

agenda 21 as the basis for debate

on sustainable building, and

translating this into other

languages, where necessary.

All organisations involved in

sustainable building should

initiate regional conferences, in

addition to the international

sustainable building conferences.

• CIB should initiate activities to

further develop urban issues,

sustainable building in

developing countries, and social

and economical aspects of

sustainability.

UIA (Union International des

Architectes) should initiate

activities and improve links

between local traditions,

citizen’s requirements for

architectural and urban

quality, and sustainable

building. 

• Organisations such as, UIA,

IEA, CIB, ASHRAE, Rilem,

ACE etc. should become

involved in SBE.

The outcome of the GBC

process should be incorporated

into other activities, e.g. within

organisations such as ISO,

CIB, IEA, ISCOWA, Rilem

etc.

• SB2002 should pay particular

attention to urban issues,

materials, social and

economic issues, and to

developing countries.

Closing document session

resolution

All delegates were asked to plant a

tree, plus additional trees for every

1,000 miles travelled, to

compensate for the environmental

load of attending the conference.

25 October 2000, 

Maastricht, the Netherlands

Closing Document SB2000
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Nils Larsson receives the ‘spirit of Maastricht’, for never ending promotion of Sustainable Building



























THAMESMEAD ECOPARK, UK – NETHERLANDS PRIVATE COOPERATION TO
ACHIEVE SUSTAINABLE HOUSING IN THE UNITED KINGDOM

Chiel Boonstra (1), Phil Humby (2), Ken Walker (3)

1. DHV Accommodation and Real Estate, P.O. Box 1427, 3800 BK Amersfoort, The Netherlands, Tel : +31 33 476
06 41, E-mail : chiel.boonstra@dhv.nl

2. Tilfen, Harrow Manor Way, Thamesmead South, London SE2 9XH, United Kingdom, Tel : +44 208 320 3443, E-
mail : phumby@tilfen.co.uk

3. Chart Cottage, Graffham, Nr. Pethworth, West Sussex GU28 OPX, United Kingdom, Tel : +44 1798 867 609, E-
mail : kwalker@ukonline.co.uk

The aim of Thamesmead Ecopark is to
demonstrate how new housing contribute to
environmental sustainability. Through the
design and construction of state-of-the-art
Dutch housing concepts, energy and
environmental technologies in the UK social
housing and construction market, so that these
can be replicated throughout the United
Kingdom.

In the Kyoto conference environmental
targets have been agreed aiming at reducing
the environmental impact of human society.
Already in 1987 the Brundtland UN
Commission concluded that in order to allow
developing countries a share in worlds’
economical growth, even more substantial
environmental targets must be achieved in
western societies.

Thamesmead Town is a private company
limited by guarantee, located South East
London. Any profits are returned to
Thamesmead community. There are no
capital shares involved. Thamesmead is
controlled by 12 Non Executive Directors, of
which nine are elected by and from local
residents. Thamesmead owns about 4,600
rented units, 200 commercial units and has its
onw radio station, called Millenium 106.8.
Thamesmead owns 180 ha of development
land of which Gallions Reach Urban Village
is the recent housing development.

Thamesmead Ecopark is a housing scheme of
40 two to four bedroom units in Gallions
Reach Urban Village, South East London.
Thamesmead Ecopark is meant to show how
the building sector can contribute to

environmental sustainability. Consultants
from The Netherlands advised on the
sustainable concepts, based on 20 years
experience in sustainable building in The
Netherlands and Europe. Most important
environmental principles on urban and
building scale are integrated in innovative
housing designs of the Dutch architect Jan
Splinter.

Preliminary design has been completed in
1998. Planning approval has been provided
by the local authority, i.e. Greenwich. Final
design was completed in 1999, while on site
construction is anticipated in 2001.

The aims of environmental sustainability in
the building sector are to reduce the
environmental impact of the use of energy,
materials and water. The Trias Energetica
points out a generic strategy to achieve this: at
first demand reduction, secondly the
application of renewable sources and finally
efficient use of non-renewable sources.



REPLICABLE STRATEGIES
In particular fairly robust and known
measures and strategies have been selected to
achieve maximum replication potential.
The strategies have been chosen by
identifying consistent conceptual approaches
for different house types. The measures are
implemented by applying criteria of the Dutch
Green Financing scheme for sustainable
housing, thereby confronting views from the
different countries involved, and integrating it
in the architectural design.

ENERGY

The energy strategies aim at reduction of
fossil fuels, direct and indirect CO2
emissions, and increasing the role of
renewables energies in the energy supply.

Neighbourhood scale
q Roof design integrates daylighting and

solar collectors and prepares for solar PV
q Sunspaces in South facing units.

Buildings
q High insulation levels for facades, roofs

and ground floors (U=0.25 W/m2K)
q Super insulating windows (low E glazing,

U=1.1 W/m2K)
q Wind pressure controlled natural

ventilation air supply
q Solar collectors for preheating domestic

hot water
q Low temperature heating
q Individual condensing gas boiler

WATER

The water strategies aim at closing the water
cycles into appropriate loops in order
1. to reduce the demand of drinking water, to
reduce the environmental impact of exploiting
water resources.
2. to reduce the capacity of sewage-water
treatment plants
3. to balance ground water levels with
rainwater instead of supply from other areas.

Neighbourhood scale
q Rainwater infiltration into the ground,

through limitation of pavement and the
application of half-open pavement.

q Biological treatment of rainwater before
entering canals. Street water via ‘oil-
separators’ to biological water treatment
pond

Buildings
q Low flush toilets (4 – 6 liter per flush)
q Water saving taps
q Rainwater collection for toilet flushing in

6 units

MATERIALS

The aim is efficient use of materials,
application of renewable, recycled and
recycleble sources and limitation of the direct
and indirect environmental impact of building
materials.

Neighbourhood scale
q Efficient streetplan and parking provisions
q Flexible and half open pavement.

Buildings
q Timber frame construction
q Cellulose insulation in roof constructions
q Long service life and low maintenance

cladding and roofing:
q Natural slates roofing, brickwork at

ground floor level and clay tiles at second
floor level



DISSEMINATION STRATEGY
A temporary Ecopark Information Centre
shall be built. The aim of the Ecopark
dissemination strategy is to manage, exhibit
and promote a replicable example of the use
of sustainable building techniques and their
viability in an engaged community as an
ambassador for sustainable living.

q at a local level: to use the Ecopark to
illustrate and influence the local
community and those concerned with
local planning and construction

q to use the Ecopark at a UK national level
as a focal point for Gallions Housing
Association and its social housing
colleagues throughout the country to
influence policy and decision makers,
professionals and contractors in the
relevance of promoting sustainable
housing, its quality, viability and
environmental benefit as the norm.

q at a European level: to use the Ecopark as
an example of good practice through the
networks of social housing organisations
and partnerships in which Gallions
Housing Association is an active
participant; and so as to receive
information, European ideas and
experiences in return.

Having planned and constructed 39 dwellings
in Thamesmead, South-East London, using
sustainable materials, construction principles
and energy efficient systems, it is intended to
pursue the objectives set out above, by using
the project as an example to show that

sustainability is an available option and can
become the norm. This will be done by
q actively involving the tenants and

occupiers in the understanding and
perpetuation of the sustainable principles,
features and services and bringing them to
the attention of the wider community of
which the neighbourhood forms part.

q Initiating a continuing programme of
education in conjunction with local
schools to promote an understanding and
acceptance of the principles of
sustainability.

q Establishing and carrying out a
programme of informing and educating
specific groups of people, (such as
politicians, administrators, regulators,
manufacturers, social and private
developers, contractors and professionals),
in the principles, features and results of
sustainability.

Finally, in conjunction with local residents
and the local authority an exit-strategy will be
developed so as to pass on responsibilities
within the community and to perpetuate and
multiply the impact and results.

Conclusion
The private UK – Netherlands co-operation
resulted in the exploitation of succesfull
elements of Dutch sustainable construction
principles in the UK housing market, e.g. the
application of Green Finance criteria for
housing.

The international cooperation took place at
the level of  a private organisation involved in
new housing development in South East
London, resulting in an immediate on site
application of results.

Conclusions shall be drawn on these
experiences through a UK funded evaluation
program by the end of 2000.

The ‘Dutch’ design of the houses is another
innovation compared to the relative traditional
design practice in UK housing.
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DEVELOPING INTERNATIONAL SCENARIOS FOR THE RAPID REDUCTION
OF CARBON DIOXIDE EMISSIONS FROM THE BUILT ENVIRONMENT

Robert Lowe
Centre for the Built Environment, Leeds Metropolitan University, Leeds, LS2 8BU, UK

BACKGROUND
The purpose of this paper is to explore the
possibility of an international collaboration
to develop and compare a series of very low
carbon scenarios for industrialised countries.
The primary emphasis of these scenarios
would be on the built environment. The
immediate purpose would be to understand
the dynamics of creation, liquidation and
renewal of this, longest-lived sector of
capital stock, in the economies studied, and
to improve the understanding of the
connections between the built environment
and other economic sectors. The broader
purpose would be to make a significant
contribution to the development of energy &
environmental policy capable of achieving
large and rapid reductions in carbon dioxide
emissions that will be needed to stabilise the
earth’s atmosphere and climate over the next
century (Lowe 2000). The study would
define radical policy and technical options
against the possibility that negative effects
of Climate Change may be more drastic and
more rapid than currently expected.

Futures scenarios differ from forecasts in
that they are explicitly, only conditionally
predictive. The construction of futures
scenarios is widely practised. The motives of
scenario builders range from the desire to
understand consequences - “to illuminate the
choices of the present in the light of possible
futures” (Berkhout et al. 1999), to an explicit
desire to affect policy debate and policy
choice, by extending the range of what is
thought to be possible, or by attempting to
build consensus around one or other
alternative.

If the literary genre of utopias is included,
then activity of scenario building can be seen

to go back millennia and to have produced
some of the most enduring works of culture
(Plato c360 BC, Moore 1515, Morris 1880,
Bellamy 1888). Against this background, the
methods used over the last three decades by
the builders of technical scenarios, and their
focus on mass and energy flows through
economies, rather than on the cultural
aspects of the societies upon which they
focus, represent a new phenomenon. But,
despite the clear difference in style, there are
fundamental similarities in the purposes of
the authors, and in their desire to produce
internally consistent and persuasive views of
the futures they chose to depict. In the case
of technical scenarios, internal consistency
and persuasiveness are generally seen to
flow from the incorporation of physical and
engineering principles into disaggregated
numerical models of society. But it is also
clear that many builders of technical
scenarios are keenly aware of the dense
interweaving of the cultural and technical
aspects of the societies that they study, and
of the degree to which the political, cultural
and ethical domains drive the technical
(Nørgård & Christensen 1994, Olivier et al
1983).

RECENT HISTORY
The development of very low carbon
scenarios has grown out of earlier work on
low energy scenarios. Very low energy
scenarios go back to the mid 70s and early
80s, with work by Sørensen (1975), Nørgård
(1979), Olivier et al (1983) and others in the
US and Germany. These were essentially
engineering studies of the possibilities for
reducing fossil energy use by a factor of 3 or
more. The main function of these studies
was to challenge the then conventional view



that renewable sources of energy could
never supply more than a small proportion of
a rapidly growing demand for energy. By
demonstrating the technical feasibility of
reducing total energy demand substantially,
these studies were able to demonstrate that
renewable energy inputs that were modest in
absolute terms, were capable of providing a
large proportion of the total energy use,
despite substantial economic growth.

The building of carbon scenarios arose
naturally from earlier energy scenarios as the
focus of energy policy shifted, in the 1980s,
from a concern over shortages of fossil fuel,
to a concern over climate change. The
impact of these studies has varied from
country to country. The development of
Danish energy & environmental policy over
the last quarter century shows that much of
the work of Nørgård and his colleagues has
been incorporated into mainstream energy
policy (Danish Ministry of Energy 1990,
Danish Energy Agency 1997). The
experience in Germany appears to have been
similar, with the work of Bach, Krause and
others having had a significant impact on
energy policy (Enquete Kommission 1991),
albeit complicated by the impact of
reunification.

Experience in other countries is that these
studies have been marginalised and ignored.
In the UK for example, energy scenarios and
studies can be divided into two groups –
those produced by the energy policy
establishment (DOE 1979, BRE 1975, DTI
1992, Shorrock et al 1992) which broadly
support a business-as-usual view of the
future, and those produced by a small group
of outsiders (Leach et el. 1979, Olivier et al.
1983) that challenge that view. The former is
characterised by a timidity of vision and
technological conservatism, that have
rendered it incapable of addressing the
problem of climate change. There is little
evidence that this establishment has been
significantly influenced by, or in some cases
that it is even aware of other work.

FOCUS AND OBJECTIVES
As stated at the beginning of this paper, the
built environment contains the longest-lived
parts of the physical infrastructure of most,
if not all developed countries. It is therefore
likely to be the rate-limiting sector,
determining the maximum rate and extent of
overall emissions reductions. The
development of policies for dealing with this
infrastructure, of minimising its direct and
indirect environmental impacts, while
respecting the values (economic and
cultural) that it embodies, is therefore one of
the most important tasks facing
governments. That the task requires the
active involvement of government is clear.
The timescales involved are far longer than
the private sector can contemplate.

The central questions posed by the problem
of climate change are: the scope for reducing
carbon emissions, the time scales needed for
achieving significant reductions, under a
variety of assumptions and the technical and
economic barriers to such reductions.These
raise in turn a series of secondary questions
that need to be addressed in formulating
policy. These include:

• the balance between refurbishing and
replacing the existing stock of buildings;

• the likely impact of developments in
energy supply (these include fossil
technologies such as gas-fired combined
cycle generation of electricity with
dramatically lower carbon intensity and
renewable energy technologies.

• impacts of developments in design and
construction (extension of IT,
industrialisation, pre-fabrication etc. –
referred to in the UK as the Egan Agenda)
which promise to significantly affect both
the costs of construction and of
innovation;

• impact of potential changes in planning
policies, patterns of urbanisation and
development, and of work, leisure and
travel.

 These questions themselves raise further
questions about the means by which policy



is to be implemented, particularly the
balance between regulatory and market
based measures. Addressing these questions
in the context of realistic long-term carbon
emission targets will require the construction
of detailed stock models for domestic and
non-domestic buildings, and the construction
of a series of scenarios based upon them.
These models and scenarios would need to
be up-dated and developed on a rolling basis
as developments in policy, technology and
climate science open up new possibilities
and questions.

The author envisages that governments,
national and supranational research councils,
the research community, the construction
industry and broader society will be both
contributors to and beneficiaries of such
studies. It is essential to ensure that low
carbon scenarios focussing on the built
environment, are developed by people with
both an intimate and synoptic understanding
of the technology (current & potential) and
the dynamics of the built environment. There
is a tendency for scenarios that are
developed by people who lack such a deep
understanding, to underestimate the potential
for reducing environmental impact, and to
fail to identify the steps that must be taken in
order to achieve a significant impact. The
construction industry, through organisations
like CIB, must take responsibility for
building its own view of the future.

 STRUCTURE AND METHODOLOGY
 To be convincing, technical scenarios
require detail and depth. The development of
low carbon scenarios is therefore costly, and
it is essential that this project avoid repeating
or duplicating work that is going on already.
The greatest added value is likely to be
achieved by a layered strategy:
• collating existing work, reviewing,

abstracting, critiquing it;
• comparing different national scenarios to

identify the widest range of policy and
technical options;

• proposing consistent methodologies for
future work;

• identifying gaps in existing work, and
proposing projects to fill these gaps;

• using the results of low carbon scenarios
to identify actual and potential barriers to
the successful implementation of low
carbon policies for the built environment,
and to develop programmes of research,
development and demonstration, in
collaboration with national and supra-
national research funding organisations,
aimed at overcoming these barriers;

• communicating the lessons learnt from the
construction, analysis and comparison of
scenarios to the rest of the construction
industry and to the public at large.

We envisage the establishment of a group,
initially within CIB W100, which will begin
to undertake this task. The membership of
this group should contain representatives of
at least three industrialised countries,
spanning a range of approaches to energy &
environmental policy. The initial role of this
group will be catalytic, but it is likely that its
members will also both propose & undertake
work identified.
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WHAT ABOUT DEMAND?  DO INVESTORS WANT GREEN BUILDINGS?

Miles Keeping
C.I.B. Research Fellow, Oxford Centre for Sustainable Development, Oxford Brookes University,
Oxford, U.K.

INTRODUCTION
This paper considers the desperate need for clear indicators of sustainable construction if it is to be
promoted by investors in real estate. There is continuing discussion as to what the indicators should
encompass.  They will, obviously, have to include environmental and social capital as well as economic
value.  In terms of monitoring the use of environmental capital, benchmarks might include the extent to
which non-renewable resources have been used (or avoided) and waste products generated.  Social
accounting includes the extent to which the consequences of pollution arising from production have
been suffered by different social groups and the degree to which society has been involved in the
decision-making that affects its well being.  As far as recording economic aspects, it could be argued
that the inter-play between social and economic issues is inextricably linked – where wealth creation
fosters “social integration and cohesion” (Forum for the Future, 1996).  These concepts challenge the
liberal economic hegemony and suggest that a sustainable economy will be quite different from
today’s.  Whether the reform of the economy be ‘radical’ or ‘achievable’ is not relevant to the central
discussion in this paper.  However, it is interesting to note that in the UK, the DETR’s (1999) strategy
for sustainable development has incorporated the principles of reform.  This is not a radical shift, but
another gentle move by the UK’s government along the road towards a ‘weak form’ of sustainability.

PRESENTATION
Interpreting “sustainability” in the world of real estate
A danger exists in the misinterpretation of “sustainability”.  Environmental issues are perhaps relevant
to a third of the concept of sustainability; the former is a sub-set of the latter.  A reason for noting this
is that there are many examples (e.g. Anon, 1994; PAG, 1998) in the relevant literature of confusion as
to the difference between sustainable development and environmental stewardship.  Other examples
sometimes tend to limit the concept of sustainability to predominately environmental themes.  Parnell
& Sayce (1999) refer to the Brundtland definition of sustainable development (World Commission on
Environment and Development, 1987) and state that as far as property is concerned, this suggests issues
pertaining to a building’s siting, materials, energy efficiency and efficient resource use.  The survey
results contained within this work (Parnell & Sayce, 1999) are useful in helping us to understand the
views of property professionals towards ‘green’ buildings, but do not help us to learn about their attitudes
to sustainability or definition(s) of sustainable construction.  Misinterpretation of sustainable
development and limitation of its scope have been found to be common in property investment circles.

The extent to which this matters is subject to some debate.  Whilst some might argue that the promotion
of ‘green’ buildings is of high importance (see Kibert (1994) amongst many), others suggest that their
promotion will be of little overall impact in terms of sustainability. Amongst many, Cooper (1999) puts
forward the view that ‘green’ buildings will not: “… make a substantive contribution to sustainability.
Unless their (global) environmental impact has been reduced dramatically – perhaps by a factor of ten
as measured against current consumption and pollution norms in ‘developed’ OECD countries, then
they are unlikely to represent an adequate response to the doubling of the world population anticipated
during their lifetime (by 2030-2040).”



Central to the problem faced by investors, developers, governments, sustainability lobby groups and
academic researchers is that assessments of buildings are bound by their nature to be prescriptive – they
will have to have limits to the number of assessment criteria.  It needs to be asked, therefore, whether
we can develop a single method of sustainability assessment that will satisfy the interests of all
stakeholders and whether this is by any means feasible?  Many commentators (such as Kibert, 1994)
think not and that the maintenance or development of individual methods of assessment, which can be
used successively and to measure different aspects of sustainability, will be more beneficial.

A number of commentators have proposed assessment criteria and these are examined below.  The
variety in depth & breadth of the different criteria are interesting and, it is argued, problematic as far as
the furtherance of sustainable development is concerned.  Consider this UK example:

Table 1. What is sustainable construction? (adapted from DETR, 2000)
1. Investment in people & equipment for a competitive industry
2. Achieving high growth while reducing pollution & resource use
3. Sharing the benefits of growth widely & fairly
4. Improving towns and cities & protecting countryside’s quality
5. Contributing to sustainable development internationally
6. Being more profitable and competitive
7. Delivering buildings that provide greater satisfaction, well-being and value to customers & users
8. Respecting & treating stakeholders fairly
9. Enhancing and better protecting the natural environment
10. Minimising energy consumption and natural resources

Investors’ demand
Preliminary research by this author suggests that demand by institutional investors in the UK for
sustainable property is so low as to be negligible.  When approached, most investors acknowledged
their ignorance of the meaning of the term ‘sustainable’ and preferred to address the concept of ‘green’
buildings.  It is clear that investors cannot agree on a definition of sustainable construction.  Most were
happy to give a hybrid version of the Brundtland definition but admitted that this was not understood in
the real estate construction or investment context.  Little or no link was seen between the UK
government’s criteria in Table 1 above (particularly items 1, 3 & 5) and real estate investment – i.e.
there is a lack of holistic thinking or consideration of a life-cycle approach to investment decision-
making.  Essentially, investors state that they still see procurement as a cost-based exercise and that
they need to see clear occupier demand for sustainable construction before they will fund its
construction.  This finding is supported by the Sustainable Construction Focus Group (2000).

CONCLUSIONS & RECOMMENDATIONS
It is clear from the research undertaken, both secondary and primary, that while there is relatively
widespread and considerable interest in the topic of sustainability and sustainable construction, there is
also a great deal of confusion over the terms that are used.  Many confuse the term sustainable
development with environmental protection and many limit the scope of sustainability to consideration
only of environmental issues.  Within the property context, this is manifested in the apparent
interchangeability of the terms ‘sustainable buildings’ and ‘‘green’ buildings’, reasons for which have
been considered above.  Largely, confusion about and limitation of the term comes from a lack of
understanding of the relevant issues which is hardly surprising given the complexity of the issues that
are relevant.  It is easier for investors and occupiers to grasp the nettle of ‘green’ buildings than



sustainable ones and this is what often seems to happen.  It could be contended that until such a time as
workable definitions are available, little progress is likely to be made in this sphere.  However, such a
contention could be questioned given the advances that have been made in other countries, notably the
USA, in this area.  It is suggested that a transfer of relevant knowledge from the USA to the UK would
be of considerable benefit to the UK property market in this respect.

Operators within property markets, often noted for their preference for the status quo, should note the
changes that are taking place towards a more sustainable form of economy.  All around us we see
evidence of this, not least as the result of a push in this direction, however mild at present, by the
Government. It must be accepted that the change in the nature of the market represents a new form of
uncertainty and risk for investors.  They will need new methods of investment analysis and risk
assessment to adapt to a new market paradigm, just as they have done in the past to adapt to new forms
of property investment (e.g. changing lease structures and changing preferences for locations and types
of retailing).  More fundamentally, however, it is clear that there is a desperate need for education
about sustainable development and construction as well as useful indicators of these. If the “vicious
circle of blame” is to be broken, as it must be if sustainable construction is to be delivered, these must
be provided.  It is suggested that more demonstration projects will help in this respect.

Investors need not see these changes only as threats.  As was noted earlier, the technological case for
‘green’ buildings has been made, whereas once this would have been thought of as impossible, and
evidence for the business case for them is beginning to look more widely reliable.  As with all risks,
those that take them will win and lose but, as this writer believes, the long-term opportunity in the
market for sustainable buildings is likely to be more fruitful than that for unsustainable buildings.
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DECONSTRUCTION AS AN ESSENTIAL COMPONENT OF SUSTAINABLE
CONSTRUCTION

Charles J. Kibert, University of Florida, PO Box 115703, Gainesville, Florida 32611-5703
USA

INTRODUCTION
The demolition of building structures
produces enormous amounts of materials
that in most countries results in a
significant waste stream.  In the U.S.,
demolition waste amounts to 92% of the
total construction and demolition (C&D)
waste stream of 136 million tonnes
annually or about 125 million tonnes of
demolition that is for the most part
landfilled.  In the Netherlands, C&D waste
amounts to 15 million tonnes per year;
however due to a high degree of
environmental awareness and government
regulation, over 80% of this waste stream
is recycled, mostly into subbase for roads.

Deconstruction of buildings has several
advantages over conventional demolition
and is also faced with several challenges.
The advantages are an (1) increased
diversion rate of demolition waste from
landfills; (2) potential reuse of building
components; (3) increased ease of
materials recycling; and (4) enhanced
environmental protection, both locally and
globally.  Deconstruction preserves the
invested embodied energy of materials,
thus reducing the input of new embodied
energy in the reprocessing or
remanufacturing of materials.  A
significant reduction in landfill space can
be a consequence.  For example, in the
U.S. where C&D waste represents about
one-third of the volume of materials
entering landfills, a diversion rate of 80%
as is being experienced in The Netherlands
would preserve increasingly scarce land
for other optional uses.

The challenges faced by deconstruction are
significant but readily overcome if changes
in design and policy would occur.  These

challenges include: (1) existing buildings
have not been designed for dismantling;
(2) building components have not been
designed for disassembly; (3) tools for
deconstructing existing buildings often do
not exist; (4) disposal costs for demolition
waste are frequently low; (5) dismantling
of buildings requires additional time; (6)
re-certification of used components is not
often possible; (7) building codes often do
not address the reuse of building
components; and (8) the economic and
environmental benefits are not well-
established.  Again, these challenges
generally fit into one of two categories:
design or policy.

INTERNATIONAL OVERVIEW
The initial meeting of CIB TG39 at the
Building Research Establishment (BRE) in
Garston, Watford, U.K., was held to assess
the status of deconstruction in a variety of
countries around the world.  Country
reports were presented from Australia,
Germany, Israel, Japan, The Netherlands,
Norway, the U.K., and the U.S.  Below is a
brief summary of deconstruction in a
selection of these countries which
represents the differences and
commonalities in these locations.

Australia (Philip Crowther, Queensland
University of Technology)
The total waste stream in Australia is
about 14 million tonnesn of which
somewhere between 14% and 40% is
C&D waste.  Deconstruction of 70 to 100
year old timber houses in Australia is a
common practice with about 80% of the
materials being recovered and reused for
renovation and remodeling of existing
homes or in the construction of new,
replica housing. Additionally the



relocation of houses is a common practice,
with 1,000 homes being moved in the
Melbourne area each year out of a total
housing stock of 800,000 units.  For
residential structures it is estimated that
between 50% and 80% of materials are
recovered in the demolition process.  The
recovery of materials from commercial
buildings is significantly lower with a total
recovery rate of about 69% (58% reuse
and 11% recycled). In Australia up to 80%
of concrete is processed to recover the
aggregates for reuse in construction.  For
modern housing, the emergence of new
systems of prefabricated buildings allows
the potential deconstruction of the housing
stock in the future. EcoRecycle Victoria
provides guidance for waste minimization
in construction and demolition including
Tender Guidelines for Construction and
Demolition Projects and include the
consideration of deconstruction as an
element of the tendering process
(Crowther 2000).

Germany (Frank Schultmann, Deutsch-
Französisches Institut für
Umweltforschung (DFIU)
The demolition waste stream in Germany
is estimated to be about 45 million tonnes
per year of which about 25% is concrete
and 50% is bricks and stone.  Between
1991 and 1999 several case studies on
deconstruction were conducted and
revealed an exceptionally high recovery
rate, in excess of 95% for many structures.
Recent studies are looking at
deconstruction methods and show that
optimized deconstruction combining
manual and machine dismantling can
reduce the required time by a factor of 2
with a recovery rate of 97%.  The Deutsch-
Französisches Institut für
Umweltforschung (DFIU) in Karlsruhe has
several research programs underway that
are investigating various aspects of
deconstruction.  One of these is the
process of auditing an existing building for
its deconstruction potential for the purpose
of predicting the cost of dismantling the

building versus the value of the extracted
materials. Computer models have been
developed to assist in this process and
cover both the technical and economic
aspects of deconstruction.

The Netherlands (Ton Kowalczyk, J.
Kristinsson, and Ch.F. Hendriks,
Technical University Delft)
C&D waste in The Netherlands is
generated at a rate of 14 million tonnes per
year. Strict government regulations ensure
that about 80% of these materials are
reused in other construction, generally in
creating materials for road base. The
Dutch Government passed a law on the
first of April 1997 which in short states
that “...dumping of reusable building waste
is prohibited,” thus forcing even higher
rates of recovery.  Reusing components of
existing buildings is hampered by two
factors. First, the building stock is
comprised largely of reinforced concrete
structural materials that are difficult to
take apart and for disassembly, they must
be sawn apart.  After disassembly, the
recovered component must undergo testing
prior to its direct reuse as a slab, column,
or beam in a new building.   Second,
recovered components such as brick are
costly to remove and process and are
therefore not competitive with new
products (Kowalczyk et al. 2000).  Efforts
are underway to begin the process of
informing architects and other actors in the
construction industry about the potential
for designing buildings for deconstruction.

Norway (Lars Myhre, Norwegian Building
Research Institute)
Total C&D waste in Norway is about 1.5
million tonnes per year of which 978,000
tonnes is demolition waste. In the Oslo
region, between 25% and 50% of this
waste stream is estimated to be recycled or
reused.  Significant private and public
initiatives are underway with a  goal of
reducing the C&D waste stream by up to
70%.  The GAIA group of architects is
promoting perhaps the most ambitious



plan for including design for
deconstruction in planning.  They
established the “Building System for
Reuse” or BfO system which decouples
building systems, eliminates the uses of
composites, and relies on traditional,
locally produced building materials and
well-known simple technology. The BfO
system includes 88 standard wood and
concrete components that can be
assembled into a wide variety of
configurations.  The ability to easily
assemble and dismantle the components
also allows the capability of easily
changing or reconfiguring the building to
meet the user’s needs over time.  A follow
on project that takes advantage of the BfO
system is called ADISA or Assemble for
DIS-Assembly and consists of 45
standardized components with space
planning based on a module of 600 mm.
Presently a pilot project at the Prestheia
eco-village is building 19 dwellings using
the ADISA system.

CONCLUSIONS AND
RECOMMENDATIONS
As its primary purpose, deconstruction
seeks to maintain the highest possible
value for materials in existing buildings by

dismantling buildings in a manner that will
allow the reuse or efficient recycling of the
materials that comprise the structure.
Deconstruction is emerging as an
alternative to demolition around the world.
Generally the main problem facing
deconstruction today is the fact that
architects and builders of the past
visualized their creations as being
permanent and did not make provisions for
their future disassembly.  Consequently
techniques and tools for dismantling
existing structures are under development,
research to support deconstruction is
ongoing at institutions around the world,
and government policy is beginning to
address the advantages of deconstruction
by increasing disposal costs or in some
cases, forbidding the disposal of otherwise
useful materials.  Designing buildings to
build in ease of future deconstruction is
beginning to receive attention and
architects and other designers are starting
to consider this factor for new buildings.
CIB TG39 is in the process of conducting
a 4 year study of deconstruction and
coordinating an exchange of information
among research organizations and
practitioners around the world.
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The Environmental Implications of Building New
versus Renovating an Existing Structure

Wayne Trusty and Jamie Meil
ATHENA™ Sustainable Materials Institute

P.O. Box 189, Merrickville, Ontario, Canada, K0G 1N0

INTRODUCTION
This case study demonstrates the value of using the ATHENA™ life cycle assessment (LCA) tool
during the conceptual design process in two ways:
1. to gauge the environmental implications of retaining the structure and envelope of an existing

building instead of replacing it with a new structure; and
2. to help weigh building performance goals against design and material mix choices for a new

building.

THE CASE STUDY BUILDING AND METHODS
As the basis for the assessment, our analysis drew upon two versions of an office building design
prepared for Natural Resources Canada’s C2000 Building performance program. The design basics,
common to both versions, include a single basement level and 13 above grade floors with a total
gross floor area of 21,740m2.   The two versions of the building, which are characterized in terms of
operating energy performance as the ASHRAE 90.1 and C20001 versions, differ in their respective
fenestration type and area, overall insulation level, and HVAC system efficiency.

Table 1 below outlines both the common and different elements incorporated in the ASHRAE and
C2000 designs as well as the operating energy use estimates.

Table 1 — Design/Energy Use Summary:
ASHRAE & C2000 Office Building Versions

Building Parameter ASHRAE 90.1 Design C2000 Design
Structure Concrete drop panel

system
same

Envelope     Exterior cladding 40%Brick/60% curtain
wall combination

same

 fenestration 22%, double pane,
low “E”

37%, triple pane, Low
“E”

Insulation level Approx. R 22 Approx. R27
DOE2 Operating Energy Est.*

HVAC 102.6 kWh 39.7 kWh
Lighting, plug load, etc. 77.4 kWh 42.3 kWh
Total Operating Energy 180 kWh 82 kWh

Note:  * DOE 2 simulation results were provided in the original C2000 program report.

The scope of the environmental LCA undertaken using ATHENA™ was limited to the office building’s
initial structure, envelope components and related annual operating energy.   This limited focus was
necessary due to the objectives of the study itself, which did not require study of common elements in
the comparative scenarios. The results therefore underestimate the total life cycle environmental
impacts of constructing a new building.

ATHENA™, the Institute’s environmental life cycle assessment decision support tool, has been under
development since the early 90s.   The ultimate objective is to assist the building community in
making more informed decisions regarding the selection of design and material options that will
minimize a building’s life cycle environmental impact.  The model summarizes results across six key
environmental measures covering initial (embodied) energy use; weighted raw resource use;
greenhouse gas emissions (both fuel and process generated); measures of air and water pollution;
and, solid waste emissions.
                                                
1 The objective of the C2000 Program is to promote the adoption of leading-edge technologies and building
management techniques to attain a very high performance – a 50% improvement in operating energy over the ASHRAE
90.1 standard



RESULTS
Initial New Building Impact (ASHRAE & C2000 Performance Designs)
Tables 2 below summarize the office building environmental life cycle assessment results for the two
performance designs by component grouping on both an absolute and per unit of floor area basis.
The first year operating (HVAC) energy effects per m2 are also reported.

Table 2 – Summary: Initial Environmental Impact Profile by Performance Design
Design by
Assembly

Components

Weighted
Resource Use

tonnes

Solid Waste
tonnes

Embodied
Energy

Gj

Global Warming
Potential

Eq. CO2 tonnes

Ashrae C2000 Ashrae C2000 Ashrae C2000 Ashrae C2000
Structure 25414 25414 6829 6829 25674 25674 1140 1140
Envelope 7873 9032 1132 1369 1501 1623 163 176

Total 33246 34446 7961 8198 26875 26997 1303 1316
Per m2 1.53 1.58 0.37 0.38 1.23 1.24 0.06 0.06

HVAC Energy
(per m2  per year)

0.39 0.15 0.14 0.03 0.05 0.06 <0.01 <0.01

Note:  Global warming and other effects of HVAC operating energy reflect the upstream production and
transportation of energy as well as its combustion.  Air and water pollution effects, while calculated, are not
reported here to save space

Both the ASHRAE and C2000 performance designs share the same structure, which accounts for
roughly 75% of the building’s initial embodied energy burden.  But the C2000 version incorporates
about 15% more embodied energy in its envelope materials compared to the ASHRAE design.
Overall, then, there is only a 4% difference between the two designs in terms of embodied energy for
their respective structure plus envelope materials.  For the C2000 design, the modest increase in
material use contributes, in combination with increased HVAC efficiencies, to a 2.5 fold improvement
in annual operating energy use.

It’s notable that as operating energy efficiency improves, the importance of the initial structure and
envelope embodied energy increases.  In the less efficient ASHRAE design, initial embodied energy
is equivalent to about 4 years of HVAC operating energy use, but in the C2000 design, initial
embodied energy is equivalent to approximately 10 years of operating energy.  The relative
importance of embodied energy would be even greater if the estimates covered all of the recurring as
well as excluded building elements.

While contrasting the embodied energy of the structural and envelope materials with operating energy
is useful, the shear enormity of the total energy involved can easily go unnoticed.   To help humanize
the results we made a quick calculation which revealed that the energy embodied in the structure and
envelope of the ASHRAE design is equal to driving a small car (consuming 8L/100km) a total of 12
million km or 300 times around the earth.

In summary, just building a new square meter of ASHRAE performance level office floor space –
a) requires 1.53 Gj of energy and 1.23 ecologically weighted tonnes of raw resources;
b) produces greenhouse gases equivalent to 370 kg of CO2;
c) requires 19.7 cubic metres of air and 2 cubic metres of water to dilute these pollutants to

acceptable levels; and,
d) results in 60 kg of solid waste going to landfill.

This conservative assessment clearly demonstrates the significant environmental impacts related to
materials comprising a new building, impacts that become relatively more significant as steps are
taken to improve a building’s operating energy.

Environmental Impact Avoidance Associated with Renovating
When choosing to renovate, a building’s structure is typically retained but the original envelope may
or may not be left intact.   So environmental impact avoidance scenarios for a major retrofit/renovation
involve contrasting a complete demolition and new construction activity with:



a) retention of the structural system only and estimation of the environmental impacts avoided by not
demolishing the structure (minimum avoided impact case); and

b) estimation of the impacts avoided by not demolishing either the structural system or the envelope
(maximum avoided impact case).

Minimum Avoided Impact Case
The minimum avoided environmental impact case involves saving only the structural system of an
existing building, with reconstruction of the rest of the building.  The avoided impacts equal the
effects of:

demolishing a structural system + rebuilding a comparable structural system.

Here the effects of demolishing the envelope are not avoided and we assume that the environmental
cost of rebuilding the envelope on an old building would be the same as constructing the envelope on
a new building.

Maximum Avoided Impact Case
This case involves saving the envelope as well as the structure and avoided impacts equal the effects
of:

demolishing a structural/envelope system + rebuilding a comparable structural/envelope system.

Table 3 summarizes the energy savings and other avoided environmental impacts for the      maximum
avoided impact case.  The results for the minimum avoided impact case, in which only the structural
system is retained, can be readily derived from the estimates in Table 3 by simply subtracting the
values for constructing the envelope in each impact category.

Table 3 – Results Summary: Environmental Impact Avoidance Scenario
Design by Assembly

Components
Embodied

Energy
Global

Warming
Potential

Weighted
Resource Use

Solid Wastes

Gj Eq. CO2 tonnes tonnes tonnes
Structure Construction

Below grade 2183 636 2746
Above grade 23231 6193 22628 94

Sub-Total 25414 6829 25674 1046
Envelope Construction

7873 1132 1501 1140
New Construction Totals

33246 7961 26875 163
Per m2 1.53 0.37 1.23 1303

Demolition Energy1. 3073 1848 304 0.06

Total Avoided Impacts
36319 9809 27179 831

Per m2 1.67 0.45 1.25 2134

Note 1: Demolition of cast-in-place structure only; no demolition effects available for envelope materials.

The above table does not consider the eventual operating efficiencies of the new versus renovated
buildings, another factor that may have a bearing on the decision to build or renovate.  Unfortunately,
however, the data is not available to adequately include this aspect.

To put the Table 3 results in perspective, we can compare them to the results for construction and
operation of a new C2000 building presented in Table 2.  By reusing the structure and envelope of a
building and thereby avoiding demolition of these component systems, the total energy saved
approaches the energy used to construct the C2000 office building and operate it for a year.
Alternatively, the total environmental avoidance is equivalent to 10 years of HVAC operating energy
for the C2000 office building design.   Either perspective indicates that the avoided environmental
impact is indeed, significant.
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INTRODUCTION 
The aim of the work was determination of 
emission reduction potential for buildings 
constructed in concrete prefabricated panel 
technology. These buildings form a signifi-
cant share of housing resources in Poland and 
other Central European countries. Method for 
estimation of the reduction was based on LCA 
methodology, which takes into account the 
whole cycle of building life. Starting point for 
consideration includes extraction of raw mate-
rials from environment, their conversion and 
transport, operational life of building, its 
demolition, and waste recycling and disposal. 

SAMPLE OF BUILDINGS  
Sample of buildings 
was a group of build-
ings located in settle-
ment “Imielin” in 
Warsaw and chosen 
according to building 
shape parameter A/V 
(ratio of building vol-
ume to the area of 
external walls). Build-
ings were erected in 

years 1979 – 1982 in prefabricated panel 
technology W-70 and Wk-70. It is a typical 
technology within the period. Basic building 
elements are (picture 1)  
− basement walls monolithic or prefabri-

cated, 
− internal concrete main walls 15 cm thick, 
− ferroconcrete prefabricated floor ceilings 

of 22 cm thick and 6 m length, 
− ventilated prefabricated flat roof, 
− external walls of types: multilayer from 

cellular concrete 

WORK SCOPE 
First stage of research was survey of materials 
volume used for building erection; workload 

of construction process and related to them 
usage of primary energy. The above volumes 
have been defined from design documenta-
tion. Next, the yearly consumption of primary 
energy, related to heat, water usage electricity 
and gas was determined. Subsequent task was 
estimation of emission level for the volume of 
primary energy. As a life cycle 50 years pe-
riod was taken. Finally, the reduction of CO2 
resulted from thermomodernisation of build-
ing has been calculated. 

CO2 EMISSION IN CONSTRUCTION 
PROCESS 
Value of this emission has been calculated as 
a sum of partial emissions from: 
− manufacturing of building materials and 

elements, 
− transport of building materials and ele-

ments, 
− construction process,  
− land development process. 

CO2 EMISSION FROM ENERGY CAR-
RIERS USAGE 
Emission here is defined as composed from: 
− extraction of fuel, its transport and com-

bustion in district co-generation plant, 
− transmission of heat and electricity, 
− extraction, transmission and consumption 

of gas for local usage, 
− energy for treatment, transmission and 

consumption of water in buildings. 
Table 1  

AP AG AE ACO,CWU AW al Lp A/V 
kgCO2/m2 

1 2 3 4 5 6 7 8 
1 0,28 1 326 113,4 3 183 5 388 8,9 10 019 
2 0,30 1 326 130,7 3 584 5 423 10,1 10 474 
3 0,32 1 327 97,8 3 398 5 457 9,1 10 289 
4 0,34 1 327 117,2 3 990 5 480 8,8 10 923 
5 0,38 1 328 100,6 3 893 5 548 9,7 10 879 
6 0,42 1 329 99,6 3 906 5 630 8,2 10 972 
7 0,44 1 330 117,8 4 041 5 659 9,3 11 157 
8 0,46 1 330 163,0 4 015 5 691 9,3 11 209 

Picture 1 



AP –  emission in construction process; AG –
emission from gas usage; AE – emission from 
electricity, ACOCWU – heat emission; AW – 
water related emission. 
 
THERMOMODERNIZATION OF SAM-
PLE BUILDINGS  
Thermomodernization Act, in force in Poland 
from 1998, defines scope and form of energy 
audit, and describes standardised procedure 
for indication of optimal, from economy point 
at view, scope of thermomodernization in-
vestment. Terms of the Act are as following: 
− min 25% of reduction of seasonal con-

sumption for heating and domestic hot wa-
ter preparation (10% if only internal heat-
ing systems is modernised), 

− NPV of the investment is positive, 
r=0,065 and N=15, 

− repayment of credit less then 7 years, and 
payments are equal to savings, 

− 25% of credit is forgiven upon payment of 
75% of credit amount. 

Optimisation of thermomodernization process 
lead to following recommendation: 
− external walls insulation with 14 cm of 

styrophon, 
− flat roof insulation with 14 cm of granu-

lated rock wool, 
− basement ceiling insulation with 8 cm of 

styrophon, 
− window replacement U=1,2 
− overhaul of internal heating system (two 

pipe, hydronic open loop system). 
Table 2. Emission in 50 years life cycle  

before after reduction 
Lp. A/V kgCO2/m2 ∆kgCO2/m2 % 
1 2 3 4 5 6 
1 0,28 10 019 8 334 1 685 16,8 
2 0,30 10 474 8 881 1 593 15,2 
3 0,32 10 289 8 465 1 824 17,7 
4 0,34 10 923 9 330 1 593 14,6 
5 0,38 10 879 9 139 1 741 16,0 
6 0,42 10 972 9 041 1 932 17,6 
7 0,44 11 157 9 453 1 704 15,3 
8 0,46 11 209 9 544 1 664 14,8 

Above listed undertakings are resulting in 
reduction of heat consumption. Table 2 and 
Fig 1 present relation of thermomoderniza-
tion process on emission level in life cycle of 
the building. Value at column 5 in Table 2 
have been decreased by the emission related 

to energy cumulated in materials used in 
thermomodernization process. 

 

 

 

 

 

 

 

 
 
 
 
 
CONCLUSIONS 
The estimation of economically feasible po-
tential of CO2 reduction in cycle of building 
life is approximately 16% if the thermomod-
ernization investment will be undertaken  
In spite the presented analysis is related to 
one specific technology, results of survey can 
be generalised for other prefabricated con-
crete panel technologies. All the applied tech-
nologies were using same set of materials. 
Architecture styles and shapes of the build-
ings were very similar. 
According to statistics provided by Polish 
Ministry of Interior and Administration ap-
prox. 288 million m2 of living area have been 
constructed in prefabricated concrete panel 
technologies.. It means, in case of Polish fuel 
balance, reduction of 4945 billion ton of CO2. 

Data taken from constructors offer (1998) 
shows that reduction cost of 1MgCO2 in life 
cycle of building (in fact for only 25 years 
remaining) time is 114,15 z³/MgCO2. This is 
based on Warsaw market prices, which are 
20% higher than in other regions The cost of 
reduction is calculated as simple ratio of: total 
investment by CO2 volume. Whereas interna-
tional institutions to calculate the cost are 
using different formulas which includes e.g. 
depreciation period, interest etc. The applica-
tion of these formulas will result in decrease 
of CO2 reduction cost approx. 50% of above. 
This makes thermomodernization investment 
attractive not only locally but also interna-

0
2 000

4 000

6 000

8 000
10 000

12 000

0 5 10 15 20 25 30 35 40 45 50
years

Emission kgCO2/m2

nontermomodernized

termomodernized

Picture 2. Emission in 50 years life cycle  



tionally when terms of emission trade will be 
established. 
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INTRODUCTION

CDW recycling and sustainable development
Mankind’s universal mission for the next century could be summarised as to “feed double the
number of people, provide them with energy and materials, let them live according to the
requirements of a developed society and do not pollute the earth nor change the climate” [1].
In essence, this should be the clear objective for a “sustainable society”. The concept of
“sustainable development” was put on the international agenda with the UNO-report “ Our
Common Future”, also known as the “Brundtland Report”, which was published in 1987 [2].
This report stated – simply put - that problems which occur due to human actions should not
be passed on to future generations. In the present paper the “problem” of waste recycling, and
in particular the recycling of construction and demolition (C&D) waste, will be addressed. It
is estimated that the amount of construction and demolition (C&D) waste produced in Europe
ranges between 220-335 million tons annually, approximately 0.6-0.9 ton per capita. As a
comparison, this is roughly twice the amount of municipal solid waste produced per
inhabitant. It will be clear that C&D waste should be considered as a major waste stream. The
progress achieved in Europe will highlighted and documented, including the progress
obtained within the recently established European Thematic Network on “Use of Recycled
Materials as Aggregates in the Construction Industry”[4]. The presentation will be concluded
with a vision on how large-scale application of recycled aggregates in the (concrete)
construction industry may gradually be obtained.

CURRENT STATUS OF CDW RECYCLING

EC Directive on waste
In Europe some ideas derived from the Brundtland report became part of the EC Directive
91/156/EEC on waste, formally adopted in March 1991. This directive intends to force EC
Member States to stimulate, a/o:
• the prevention and reduction of waste through the development of clean technologies as

well as products that can be re-used or recycled;
• the recycling and recovery of waste, and its conversion into secondary materials; and
• the recovery and disposal of waste without endangering human health or the environment.
Based on this directive, waste management plans are currently in the process of
implementation on a European Community level, as well as on a Member States level. And
because one of the major waste streams in the European Union consists of construction and
demolition waste (C&D waste), the EU-construction industry is closely involved in setting up
and implementing these management plans.



European CDW
Table 1 summarises EU official data on C&D waste on a European country by country basis
[o.a. 3]. Presently, these data are not believed to be entirely correct [ongoing discussion in 4],
mainly due to a lack of proper definitions for C&D waste fractions, and a lack of sound EU
monitoring programs. However, from table 1 some trends may clearly be derived. It is clear
that notably the more densely populated countries, such as Belgium, Denmark and the
Netherlands are progressing relatively well with respect to CDW recycling. Running up are
Finland, France, Germany and the UK. In the other countries CDW recycling still seems to be
restricted to larger urban agglomerations.

Table 1. Generation of C&D waste in EU member countries [4]. Data between brackets were
derived from reference [5].

EU Country Population
(Million)

C&D waste
(Mton)

C&D waste
(kg/capita/year)

Percentage
Recycled [3]

Domestic waste
(kg/capita/year)

Belgium 10 7,5-8 (7) 700-800 87 350
Denmark 5,2 2,3-5 (3) 460-1000 81 460
Finland 5 1,6 (1) 320 45 620
France 56 20-25 (24) 340-450 15 460
Greece 10 Unknown (2) - (500) <5 300
Netherlands 15 13-14 (11) 870-930 >90 500
Ireland 3,5 2,5 (1) 710 <5 310
Italy 58 35-40 (20) 600-690 9 350
Luxembourg 0,4 2,7 (0) 6670 (?) (?) 450
Portugal 10 Unknown (3) - (330) <5 300
Spain 39 11-22 (13) 280-560 <5 320
United Kingdom 57 50-70 (30) 880-1220 45 350
Sweden 8,5 1,2 (2) 140 21 370
Germany 79 52-120 (59) 840-1900 17 360
Austria 7,7 22 2860 (?) 41 430
EU-total (est.) 364 221-334 (180) 607-918 28 390

Current applications of C&D waste
Most of the EU stony C&D waste is currently still applied for road foundations. Wood is
recycled mainly for the wood-chip industry or use as energy source for e.g. power plants,
metals are also recycled as raw material in the steelwork industry, and plastics are generally
combusted, due to the current lack of economically interesting applications. What remains are
asphalt granulates and stony aggregates. If the Netherlands are taken as an example, asphalt
granulates may be reused relatively easily for new or renovated roads. It is a waste fraction,
which also becomes available as a more or less uniform material, and it is not recommended
to mix asphalt granulates with entirely stony aggregates; any future separation, for whatever
reason, is bound to be much more difficult than the process of mixing it up.
Applications of recycled aggregates into concrete currently remain restricted to pilot and
demonstration projects. Results are definitely promising. A practical problem is logistics. For
that reason, there are currently only few concrete(-products) manufacturers in Europe who
supply (and apply) concrete with recycled aggregates on a regular basis into their products
(e.g. are concrete street- and pavement blocks, pre-fabricated walls for housing projects).

Applications for recycled stony aggregates
Stony aggregates are, according to the recommendations of the CEN 154 “ad hoc group on
recycled aggregates” [6] to be divided into three main classes. These classes also reflect the
fact that in Europe houses and other constructions are made of concrete, clay bricks or natural



stone. Gypsum plaster and gypsum blocks are also generally applied for indoor walls and
indoor wall finishing or decoration. Relatively small quantities of lightweight concrete and
sand-limestone bricks remain in certain EU countries. In table 2, an overview of the three
above-mentioned recycled aggregate classes is provided.

Table 2. Classification criteria for recycled aggregates [6].
Requirement Type I Type II Type III Test method
Minimum dry particle density (kg/m3) 1500 2000 2400 prEN 1097-6
Maximum wt.% with SSD < 2200 kg/m3 - 10 10
Maximum wt.% with SSD < 1800 kg/m3 10 1 1
Maximum wt.% with SSD < 1000 kg/m3 1 0.5 0.5

prEN 1744-1 section 13.2
modified as ASTM C123

Maximum wt.% of foreign materials
(metals, glass, plastic, wood, paper, tar,
crushed asphalt, etc.)

5 1 1 Test by visual separation as
in prEN 933-7

Note 1: prEN 1744-1 section 13.2 as currently drafted separates materials only at a density of 2000 kg/m3; prEN
933-7 is a sorting method, limited to the determination of shell content.

Type I aggregate are implicitly understood to originate primarily from masonry rubble, while
type II aggregates are implicitly understood to originate from concrete rubble. Finally, type III
aggregates are implicitly understood to consist of a blend of recycled aggregates (with a
maximum of 20%) and natural aggregates, with a mandatory minimum of 80%. The
maximum content of Type I aggregates in a blend is intended to be 10% (i.e. 50/50
masonry/concrete mixtures may be used for blending with natural aggregate). In some
documents of CEN a type of recycled natural stone masonry is foreseen with almost the same
specifications as for Type III. These categories may be related to an increased level of
performance, Type III resulting in concrete with a performance essentially unchanged by the
content of recycled material.
The properties of concrete with recycled aggregates may differ from concrete with only
natural aggregates. Because of this preference is given to concrete in which only part of the
aggregate consists of recycled material. RILEM [6;7] concluded that the property variations
within concrete with up to 20% (m/m) recycled concrete aggregates or up to 10% (m/m)
recycled masonry aggregate are negligible. Depending on a specific application, higher
replacement levels may result in slight property deviations. As an example, ongoing studies at
the TU-Delft [8;9;10] point out that recycled concrete and recycled mixed aggregates may be
applied for concrete with a design strength of 35 MPa and an environmental class of 3 up to
replacement levels of 100% for the course 4/22(32) fraction. According to the same study,
recycled fine aggregates may be recycled up to replacement levels of 50% in concrete with
the above specification, a result that has also been reported by Van der Wegen and Haverkort
[11]. Recent large inventories carried out by the Dutch CUR organisation suggest that
concrete with recycled mixed aggregates is very well applicable for concrete with 28-
strengths up to 25-35 MPa, and environmental classes up to 2 (W/C ratio 0,55) [12].

Standardisation, quality control and legislation
As already mentioned, standardisation procedures are well developed in most EU countries
[see 7], and discussion networks are steadily being extended. An example of the latter is the
recently started European Thematic Network on Use of Recycled materials in Construction
[see 4]. Quality control is a different issue, which should be addressed as soon as there is an
agreement over draft standards. It should be realised that the construction industry will
NEVER apply recycled materials if their quality can not be guaranteed. Finally, national and



regional public bodies and governments, e.g. those responsible for regulation and legislation,
play a crucial role. It is well established that in The Netherlands, application of recycled
aggregates was stimulated greatly by a ban on the landfilling of recyclable C&D waste,
effective from 1997 onwards. Currently, gate fees have to be paid “at the gate” of recycling
plants, depending on the C&D quality (or recycling potential). Only if these three aspects are
well covered, and in the proper order, the recycling industry should be expected to invest in
the large scale processing of C&D waste.

FUTURE OUTLOOK OF CDW RECYCLING

From “waste management” towards “chain management”
Currently, in some European countries (notably The Netherlands), a trend has started to
investigate the possibilities to recycle stony building materials into the materials where they
were originally derived from. The driving force is the producer’s responsibility to provide for
“sustainable” as well as “durable” building materials, potentially lasting centuries. The
implication is that concrete should preferentially recycled back into new concrete, and e.g.
sand-limestone bricks into sand-limestone bricks. For concrete this seems to be relatively
easy, for clay-bricks it will be far more complicated. Even reuse at the construction element
level is looked at. The latter aspect requires new solutions in the fields of construction
(mounting and demounting of elements), quality control and logistics, and does not seem that
easy. Realistic quality control procedures, and the willingness to work accordingly, are
essential for an unreserved application of recycled aggregates in the building industry [see
e.g.13].

Economical aspects
From an economical point of view, recycling of building materials is only attractive when the
recycled product is competitive with natural resources in relation to cost, quality and quantity
[3]. Mainly due to several additional procedures and possibly slightly more complicated
processing, necessary for the manufacturing of good quality concrete with recycled
aggregates, the costs to produce the recycled aggregates for concrete will be at a higher level
than in road construction. Even in the Netherlands, where there is a ban on landfilling
building- and demolition waste, applications in concrete have not started on a really large
scale yet. The main reason here is also that road-construction still has sufficient capacity.
However, the general expectation is that in future the application in concrete will increase,
especially since the bulk of demolished concrete is growing rapidly. Other solutions, such as
those mentioned earlier on in the text, have to be ready by that time [13].
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THE RECYCLED BUILDING PROJECT 
 
Dr Mark Gorgolewski 
The Steel Construction Institute, Silwood Park Ascot, Berks, SL5 7QN, UK. 
 
INTRODUCTION 
The use of recycled materials and reused components in construction can lead to lower 
environmental impacts and a reduction in material disposed to landfill. However, the practical, 
environmental and economic aspects of using these construction materials are often not properly 
understood within the construction industry. This project aims to quantify these aspects and thereby 
raise understanding and awareness among designers, materials producers and other parties involved 
in construction of the opportunities and benefits offered by the use of recycled materials 
 
The objective of this project was to evaluate the cost and environmental impacts of reusing 
construction products or using products that contain a high proportion of recycled or waste material. 
The project provides an quantitative environmental and cost assessment of a typical office building 
with various primary and recycled specifications. The environmental burdens, in terms of embodied 
energy and carbon dioxide emissions, and the cost implications of the changes in specification are 
assessed. It was originally intended to include a quantitative assessment of resource consumption 
and waste generation, however, there was found to be a lack of data for these environmental 
burdens, particularly for recycled materials. 
 
The information derived from the quantitative assessments was used to provide practical guidance 
for designers, materials producers and other parties involved in construction, about the opportunities 
and benefits offered by the use of such materials. 
 
METHODOLOGY 
The project was undertaken in three phases: 
  
1. The collection of cost and environmental data for a list of conventional materials such as timber, 

primary concrete and new bricks; recycled materials such as cellulose insulation, steel and glass 
wool; and reused components such as second hand bricks, used roof slates and steel piles 
extracted from a previous site. Data was collected from a variety of sources including BREi, 
IISIii, product manufacturers and Ecobillaniii. A methodology was developed for calculating 
environmental and cost data for reused components where little information currently existsiv.  

  
2. The above data was used to calculate and compare the cost and environmental impacts of a 

variety of specifications for a square metre of wall and roof assembly, including conventional 
specifications and those that feature reused and recycled materials. The cost data and the masses 
of material used to calculate the environmental impacts was supplied by Davis Langdon and 
Everest (DL&E).  

  

3. Finally the data was assembled to provide an assessment of the overall environmental impact 
and cost of a typical medium-rise office building with a primary steel frame. Five alternative 
specifications were assessed for the building include standard and low cost specifications and 
those that minimise environmental impact or maximise the use of recycled materials. The 
specifications of the walls, roof and substructure were varied from conventional (primary) 
materials to recycled and reused materials. Figure 1 shows the total cost and environment 
impact for the five alternative specifications considered. This illustrates that there is an 
additional cost of about 4.5% when choosing the environmentally friendly specifications but 
that a 15% saving can be achieved in embodied carbon dioxide emissions by careful material 
selection. 



Figure 1 Comparison of the CO2 emissions and costs for alternative building specifications. 
 
ECONOMIC ISSUES 
Based on the experience of collecting cost data during this project and on information from other 
sources, it became apparent that the cost of using recycled and in particular reused products and 
materials can often attract a price premium. Furthermore, the prices of such products are highly 
variable reflecting the state of the market local to the project and on a number of project-specific 
factors. It is important to point out however, that this is the current situation which can be expected 
to change as the market grows (invoking economies of scale) and as primary material prices rise 
(enhanced by taxation such as the landfill and primary aggregates taxes). 
 
Project-specific factors to take into account when costing for recycled materials include: 
  

• Distance of the site from a guaranteed supply of the materials (and hence transport costs). 
• The need for advance purchase (and perhaps storage) of materials to guarantee a supply. 
• Regional variations in market conditions. 
• The costs involved in testing. 

  

It may also be appropriate to consider the commercial and marketing benefits to the client when 
developing a project which features recycled materials. Surveys have shown that some clients are 
prepared to pay a premium for reclaimed and recycled materials (up to 10% has been quoted). 
 
CONCLUSIONS AND DESIGN GUIDANCE  
The following guidance has been developed based on the quantitative assessments carried out 
during this study. It is important to bear in mind that it was not possible to assess resource depletion 
and waste generation when interpreting this guidance. 
  

• The largest environmental benefits are achieved when using reused components. Specifying 
these leads to significant reductions in greenhouse gas emissions and embodied energy. 
However, due to the inconsistency in the supply chain, there is a premium to be paid for the use 
of reused materials. This is due to the variable supply at present, and suggests that the larger 
environmental benefits gained by using reused components may have some cost penalty. 

• The environmental impact of the external walls is dominated by the external cladding material. 
There are several reused options such as second hand bricks or recycled options such as steel 
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cladding or bricks with recycled content that can significantly reduce the environmental impact 
of external walls. It is worth the designer focusing on the specification for the wall cladding. 

• The environmental impact of the roof is dominated by the roof structure and cladding. Recycled 
options such as steel cladding or tiles made from slate dust or reused options such as used 
concrete or clay tiles can generate significant environmental benefits. Using steel as the roof 
structure can also reduce the overall environmental impacts of the roof. 

• The availability of reused components such as second hand bricks and roof tiles is limited and it 
may be difficult to secure sufficient quantities from one source. Approaching demolition 
contractors directly may be the best option. Otherwise salvage yards will need as much notice as 
possible to source larger batches. 

• The correlation between cost and environmental impact is complex. Although the most 
environmentally beneficial options, particularly reused components, are more expensive, by 
careful choice it is possible to make cost effective choices that can significantly reduce 
environmental impact. Many of the materials that feature some recycled material, such as glass 
wool or cellulose insulation are competitive in terms of their costs. 

• The correlation between environmental impact and the recycled content is complex. Many 
materials such as cellulose insulation with a high recycled content have a low environmental 
impact, but this is not the case for all product. Where materials have a partly recycled content, 
such as steel, generally the environmental burdens are reduced as recycled content increases. 

• For most materials there is a strong correlation between the environmental indicators 
greenhouse gas emissions and embodied energy. However, there are some variations and, in 
particular, the situation for timber is complex. For timber the carbon sequestered during growth 
is offset by the carbon dioxide and methane generated when it is disposed. The overall result is 
that although embodied energy is relatively low, greenhouse gas emissions are more significant. 

• Standardisation of components would greatly enhance the match between those retrieved from 
old buildings and those required for new buildings Many architects would like to reuse old 
elements but find it difficult to locate suitable supplies. Equally many demolition contractors 
would like to sell whole building elements for re-use, but the timing of the demolition contract 
rarely coincides with demand for those elements. Supply and demand of recycled construction 
products is currently too erratic for a stable market in re-used elements to exist. However this 
barrier is not insurmountable and with a certain amount of ‘pump-priming’ from the 
construction industry and the imposition of ‘green’ taxes on primary construction materials, the 
supply and demands should be better matched in future. 

• The elements assessed in this study (external wall, roof and substructure) form only about 20% 
to 25% of the environmental impact of the whole building. The study has shown that it is 
possible to reduce the environmental impact of these elements by up to about 50% by careful 
specification, particularly of reused components. There are less options for using recycled 
materials for other elements, and it is unlikely that savings on this scale could be made. 

• When set in the context of a 60 year lifetime (including the emissions from operating energy 
use) the embodied greenhouse gas emissions represent between 15% and 18% of lifetime 
greenhouse gas emissions. This is the equivalent of between 9 and 11 years of emissions from 
operating the building. By careful specification of reused components and recycled materials 
about 3% of lifetime emissions can be saved. 

 
                                                           
i  BRE, 1999, Environmental Profiles database available on the internet at www.bre.co.uk, Building Research 

Establishment. 
ii  IISI, 1999, Life Cycle Inventory for steel, International Iron and Steel Institute. 
iii  Ecobillan, 1999, TEAM database. 
iv  SCI, 2000, Concept Study and Economic Assessment of a Recycled Building using a Primary Steel Frame. 

Steel Construction Institute. 









































ENVIRONMENTAL ASSESSMENT DURING THE DESIGN PROCESS – AN OVERVIEW 
 
Dr.-Ing. Thomas Lützkendorf, Dipl.-Ing. Karsten Tanz 
Bauhaus-Universität Weimar, Lehrstuhl Bauklimatik, Bauhausstrasse 7b; D-99421 Weimar 
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PROBLEM DESCRIPTION UND GOALS 
To realise the goal of sustainable development within the building sector necessitates the integration 
of measures for conserving resources and for health and environmental protection within the 
planning and decision-making process.  The effects of planning decisions on health and the 
environment need to be described, evaluated and influenced already at the initial design stage.  To 
achieve this suitable evaluation methods and planning aids are required.  However the building 
sector encompasses a range of different objects of evaluation, different participants in the process as 
well as different protective aims to be achieved, and the information requiring evaluation is 
available in a differing degrees of detail. 
Clearly not only evaluation methods but also planning aids need to be and are adapted to fit each 
specific situation, which explains the current multiplicity of approaches in use internationally.  As a 
result the need arises to arrange both evaluation methods and planning aids according to a 
systematic structure.  These need to be made accessible in the appropriate form to the relevant 
participants, and the participants involvement must be structured so as to ensure the necessary depth 
and complexity through the overlapping of different aspects. 
 
ANALYSIS 
To usefully analyse and systematise evaluation methods and planning aids, it is necessary to first 
examine the different participants, the objects of evaluation and protective aims individually. 
 
 
Participants or ‘actors’ 
The actors are those who participate in the building process.  Strictly speaking this means the 
investor, owner, user, planner, builder, manager etc.  The individual actors require only specific 
information related very often to their specific motives and their role and influence in the decision-
making process.  Whilst the planner must be able to determine and evaluate the effects of his or her 
decisions at the design stage, the investor and/or user are more interested in already collated 
descriptions of evaluation results and quality levels achieved.  This in turn influences the choice and 
suitability of planning aids. 
 
 
Objects of evaluation 
The need and preparation of appropriate ecologically relevant information within the building sector 
ranges from the building material through building product, an individual building to building 
stock.  It is both necessary and possible to examine the life cycle in its entirety as well as 
differentiated according to individual phases.  It should be noted that the different objects of 
evaluation are interdependent.  Information about the building material or product is ‘inherited’ in 
the buildings characteristics, and the service life of the building in turn determines the lifetime of 
the building product. 
 
Protective aims 
Protective aims are wide and varied ranging from conservation of resources, maintaining 
biodiversity, conservation of the natural landscape, general and individual health protection, soil, 
air, and water cleanliness etc.  The development and application of evaluation methods must take 
account of both the specifics and complex interactions of different protective aims. 



 
Evaluation methods  
Developments in the last couple of years have produced a multiplicity of approaches that are suited 
to differing degrees and in different ways to address particular protective aims, and to illustrate and 
evaluate the effects on health and the environment.  Examples of quantifiable measures are: 
 
-  mass flow input = cumulative mass flow 
-  mass flow output = waste produce 
-  mass flow total = MIPS (Material Intensity Per Service unit) 
-  energy expenditure = cumulative primary energy expenditure KEA 
-  cumulative surface area deployment  = ecological footprint 
-  General health = DALYs (disability-adjusted life years)  
-  environmental effects = effect-oriented criteria (z.B. global warming potential) 
-  personal comfort = PPD (predicted percentage of dissatisfied) 
 
Qualitative aspects (for example environmental hazards and health risks) are also necessary to 
address the ‘gaps’ between the areas covered by quantitative aspects.  However, the subsequent, 
typically computer-aided, processing of information at the next higher level presents problems, for 
example the transfer of information from individual component to the building. A structured 
process is proposed to cover the different information requirements.  Quantitative information 
(energy and mass flow) can be cumulated or aggregated, qualitative information, such as hazards 
and risks, primarily localised. 
A full aggregation can follow based either on quantitative scientifically justified considerations 
(scale of environmental pollution, ECO-indicator etc.) or qualitative approaches using valuation and 
weighting of criteria. 
 
Planning aids 
 
Within the context of integrating ecological aspects into the planning process, it is important to use 
available tools and aids in the appropriate situation, based on already existing information and to 
answer specific questions.  They are closely related to evaluation methods and very often are the 
means by which the methods and/or their results are made available to the planner.  Currently 
available planning aids can be grouped as follows: 
 
- law, regulations, conventions 
- recommendations, case studies 
- limit and target values 
- positive / negative lists and recommendation / exclusion lists 
- environmental labelling, quality marks 
- ecologically oriented specification texts 
- object documentation, building pass, energy passport 
- checklists 
- partial declaration / full declaration / declaration scheme 
- building product databases, pollutant information systems 
- Element catalogues 
- balances, eco-inventary, eco-balance 
- Complex planning and evaluation tools. 
 
Of these, the last – complex planning and evaluation tools –  is the only planning aid that can 
interactively inform the planning and design process.  The groups are, of course, interdependent: a 
planning tool can on the one hand reference databases and/or element catalogues, and is at the same 
time the instrument used to generate building documentation and/or the values for an energy 
passport. 



SOLUTION PROPOSALS 
The analysis demonstrates the need to develop a systematic categorisation of the different 
evaluation methods and planning tools. In the author’s opinion, this should be oriented on the 
problems and issues that arise during the planning process and the resulting decisions that need to 
be made. Each solution and decision is undertaken by a particular actor, whose judgement is 
influenced both by personal motives and individual and/or social protective aims.  Depending upon 
the problem to be solved, an object of evaluation needs to be chosen.  The actor must be able to 
access suitable planning aids, adapted to suit both the current stage of planning as well as the 
protective aim(s) and object of evaluation in question.  Complex and interactive tools very often 
additionally involve calculation and evaluation methods.  The following diagram illustrates the 
interdependencies.  More detailed information is contained in [IEA 2000]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      T. Lützkendorf; Bauhaus-Uni Weimar; 5/2000 

 
FUTURE PERSPECTIVES 
The author, in co-operation with professional colleagues from Holland, Austria and Switzerland, 
intends to develop a systematic categorisation of existing planning tools with a view to improving 
their availability and suitability to the planner.  The research is oriented amongst others on 
[KBOB 2000]. At present the topic is being pursued as part of the scientific research project 
‘optimisation of solar energy use in large buildings’, part of TASK 23 of the IEA. 
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[IEA 2000] Results of IEA-Annex 31 “energy related environmental impact of buildings” 
  http://www.uni-weimar.de/ANNEX31  
[KBOB 2000] KBOB Koordination der Bau- und Liegenschaftsorgane des Bundes & IPB 
  Recommendations for a project-oriented environmental management 
  Bern, Zürich 2000 
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Moving Towards a Green Building Design Process

Nils Larsson MRAIC
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The Relevance of the Design Process

Researchers and designers are becoming increasingly aware that the potential performance of a
building is largely determined in the early phases of design, or even in the pre-design phase.
Conversely, it can easily be demonstrated that the grafting of advanced technologies onto a design
that is well advanced can lead to minimal performance improvements.  Although the philosophy is
well accepted, traditional ways of working, especially the separation of tasks by discipline and fee
structures, prevent this goal from being reached in most projects.  Recent experience in Canada
indicates that measures can be implemented to minimize the effects of such barriers.

The C-2000 Program

The experience of the NRCan C-2000 demonstration program for advanced commercial buildings
may be useful in highlighting some of the approaches that support design teams in their attempts to
reach high levels of performance.

The program was launched in 1994 to demonstrate to Canadian industry that high levels of
performance, centered on energy and emissions, could be achieved without substantial penalties in
cost of design time.  The initial target performance level for operating energy consumption was set
at 50% of conventional performance levels for office buildings, and at 55% for apartment buildings,
normalized for regional climatic conditions.

Even though C-2000 was aimed at a select group of clients known to have an interest in high
performance, it was assumed that some level of financial incentive would be required to make the
program a success.  However, the extent of incentives required and the best point of intervention
within the project development process was very much open to question.

C-2000 technical requirements covered energy performance1, environmental impacts, indoor
environment, functionality and a range of other related parameters2.  It was therefore expected that
incremental costs for design and construction would be substantial.  After a preliminary analysis of
current project costs and an informal survey of designers, provision was made for support of
incremental costs in both the design and construction phase.  Contributions were provided
according to a sliding scale ranging from 7% in large projects to 12% in small projects.

The first two C-2000 projects received support according to this formula in the range of CAD
$400,000 to $750,000, and funding of this order of magnitude was also planned for subsequent
projects.  However, after the first six projects were designed and two had been completed, it was
found that that incremental capital costs were less than expected, partly due to the fact that
designers used less sophisticated and expensive technologies than anticipated3.   Investigation of the
first two C-2000 projects actually constructed, Crestwood 84 and Green on the Grand5, indicated
that the marginal costs for both projects, including design and construction phases, was 7%-8%



more than a conventional building, a rather modest increase.  Even more interesting, the designers
all agreed that application of the integrated design process required by the C-2000 program was the
main reason why high levels of performance could still be reached6.  It also appeared that most of
the benefit of intervention was achieved during the design process.

This turn of events led to changes in the C-2000 Program, so that financial and technical assistance
was henceforth only provided for the design process, to cover costs such as the provision of a
design facilitator and subject experts, energy simulations, and extra design time for the core design
team.  Specifically, the following C-2000 requirements have proven to be important and are now
collectively referred to as the Integrated Design Process or IDP:

• Inter-disciplinary work between architects, engineers and operations people right from the
beginning of the design process;

• Discussion of the relative importance of various performance issues and the establishment of a
consensus on this matter between client and designers;

• The provision of a Design Facilitator, to raise performance issues throughout the process and to
bring specialized knowledge to the table;

• A clear articulation of performance targets and strategies, to be updated throughout the process;
• The use of energy simulations to provide relatively objective information on a key aspect of

performance
• Documentation of major steps and issues raised in the process.

Simple software design support tools have been produced to help design teams enrolled in the C-
2000 program.  One outlines generic design steps and provides a simple way for designers to record
their performance targets and strategies; another helps the design team reach a consensus on the
relative importance of various issues.

The Commercial Buildings Incentive Program (CBIP)

In 1997, it was decided to launch a larger national program to move the industry towards energy
efficiency.  Based on the lessons learned in C-2000, it was decided to focus the financial incentives
of new CBIP program on providing incremental costs for the design process.  However, several
changes in approach were necessary for a program that was intended to be delivered to a large
number of clients on a "hands-off" basis. This meant primarily that the program had to be simplified
so that customized support would not be necessary.  Specifically, this resulted in a narrowing of
objectives of CBIP to energy only and a reduction of required performance threshold to a 25%
improvement over the MNECB, rather than the 50% required for C-2000.  However, the philosophy
of placing emphasis on supporting the design process only was retained7.

The funding available for the CBIP Program was established as two times the predicted annual
energy costs, with a maximum incentive level of $80,000.  An analysis of preliminary results in the
CBIP Program presented in Advanced Buildings Newsletter8, showed that, as of the Fall of 1998,
typical CBIP projects were receiving funding in the range of $35,000, because their performance
and/or size did not enable them to reach the maximum amount.  The incentive has now been
increased to three times the predicted annual energy cost to provide a greater incentive for smaller
projects, but the $80,000 cap remains.

It should also be noted that the C-2000 and CBIP Programs are now being combined, so that almost
all new C-2000 Projects also participate in the CBIP Program.  The combination of programs results



in customized support and a total maximum available financial support of up to $100,000 for a
small number of projects each year.

A Stand-Alone Integrated Design Process

The C-2000 and CBIP experience are leading the program managers to separate the IDP process
from the achievement of required performance levels.  In recent major projects, the design process
starts with a design workshop to discuss key performance issues and is followed, in those projects
opting for the C-2000 path, by continuing support.  Most of the resulting designs will reach the 25%
improvement target (CBIP), a few will reach the C-2000 50% level, while a still unknown
proportion may reach intermediate levels of performance.  It appears that, at least in the Canadian
context, an energy performance improvement level of about 35% is achievable without heroic
measures.  And, while efficient and modern technologies are required, most of the improvement
appears to be due to the system synergies achieved very early in the design process, while
incremental construction costs are reported to be no more than 5%.  While it is still more of an art
than a science, the IDP approach is a clear success.

The interest in the IDP process is not confined to Canada.  A working group of the International
Energy Agency, Task 23, is in the midst of a program to develop a generic international IDP
process, based on C-2000 and other similar initiatives in other countries9.  This work should bear
fruit in the form of draft guidelines by 2001.

                                                
1 At the time, the energy requirement was 50% better than the ASHRAE 90.1 standard (the benchmark is now the

Model National Energy Code for Buildings, MNECB).  Both are North American standards for good practice.

2 C-2000 Program Requirements, N. Larsson Editor; Natural Resources Canada; Ottawa, October 1993, updated
April 1996.

3 The conservative preferences of designers is based primarily on their perception that they might face legal liability
problems if they use exotic and unproven technologies.

4 Technical Report on Bentall Corporation Crestwood 8 C-2000 Building, April 1996, CETC, Natural Resources
Canada.

5 Technical Report on Green on the Grand C-2000 Building, April 1996, CETC, Natural Resources Canada.

6 Briefly, the process involves the use of inter-disciplinary teams from the outset of the design process, the use of a
Design Facilitator, the availability of technical specialists for quick advice, and the frequent use of energy
simulations during the design process.

7 Energy Efficiency Programs for Commercial Buildings: Summary of Discussions, for Natural Resources Canada,
by Ron Robinson, ARC Applied Research Consultants, October 1997, Natural Resources Canada, NG096

8 Preliminary Survey of the Commercial Buildings Incentive Program, Rich Janecky and Nils Larsson, Advanced
Buildings Newsletter, pp. 8-15, Number 22, September 1999, Green Building Information Council, Ottawa.

9 Coordinator of the group is Anne Grete Hestnes of the Norwegian University of Science and Technology; contact
at AnneGrete.Hestnes@ark.ntnu.no
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INTRODUCTION

Environmental aspects have to be considered already in the design of buildings, when aiming for
an environmental friendly living. These aspects must determine the design like technique, func-
tion, form, aesthetic and costs. One method to assess the environmental impact of buildings is the
method of life cycle assessment (LCA) [1]. This method has the advantage of optimising simul-
taneously energy and material related environmental impacts.
The aim of the study [2] was to analyse the ability of LCA to be used in the early design phase of
a building project. Therefore a detailed LCA was performed and several decision situations were
simulated.

Method

To guarantee for transparency and for a detailed analysis of the methodology a new tool called
EcoCheck was developed. The tool allows a detailed modelling of the building and of each cal-
culation parameter. The tool is structured in three parts: The database, including the inventory
data for all processes and materials [3, 4, 5]. The “building” part, where all building components
and the energy consumption have to be specified. The third part contains the evaluation part,
where the link between the database and the building specific inputs is made.
The lifetime of the building, the lifetime of the materials and the way of demolition and disposal
at the end of the buildings life have to be defined. No refurbishment or change of use during the
lifetime of the building is considered. The system boundaries include all materials and processes
except the transports of the materials to and from the building site, some of the finishing material
(metals and paints) and some installations like cables and radiators. The functional unit is the
building “Stahlrain” with a lifetime of 80 years in use.

The Case Study Building “Stahlrain”

The case study building is an office building located in Brugg, Switzerland. It was constructed in
the nineties and corresponds to a modern, well-designed architecture. It is located in a triangular
rest piece of land between an urban road on the west side, the railway line from Zurich to Basle in
the south and a small road leading to a housing zone in the east. In Table 1 some of the relevant
information about the building is listed.

Table 1 List of materials of the main building components

Specific areas
Total volume 13'726 m3

Area of energy consumption 3088 m2

Typical building occupancy 100 persons

Materials
Main structure reinforced concrete
Walls concrete or brick
Facade fiber cement, glass wool and plaster
Windows wooden frames, insulated glazing

Energy consumption
Specific consumption of thermal energy 175 MJ/m2a (85% gas, 12% oil and 3% sun panel)
Specific consumption of electrical energy 117 MJ/m2a (10% photovoltaics)



The office building is a long and simple volume, which longs the railway in a curved line. The
base is made of reinforced concrete, the façade of the upper floor is a lightweight construction
with Eternit overlapped boarding. Three window-ranges long the whole northern and southern
façade. A café on the roof of the building provokes a dynamic aspect and uses the roof as terrace.

DECISIONS IN THE DESIGN PHASE

First Simulation

One of the first steps in the design is to find the best shape of the building for a specific site and
function. The ratio between envelope surface and volume (S/V) can be an indicator expressing
the shape of the building. It was the aim to check, if the ratio S/V can – with the help of invento-
ries – be an indicator for the environmental burdens of a building.
A constant volume in five different shapes was defined (1: 9x12x50; 2: 3x12x150;
3: 27x14.1x14.1; 4: 18x17.3x17.3; 5: 9x25x25 with a small court of 6x6). In a first step a con-
stant u-value for the whole envelope was defined and the total energy flow through the envelope
was calculated. In a second step the u-value of the roof was improved.
The results are represented in Figure 1. The u-values of the components influence the result more
significantly than the simple S/V.

Figure 1 Results. Energy use in the use phase for the first simulation (upper line) and for the adapted simula-
tion with variable u-values for the different envelope components. The lower figure shows the part S/V
= 0.3175 m2/m3 to S/V = 0.3200 m2/m3.

Second Simulation

A next decision step in the design process is the material choice of the main building compo-
nents. To simulate this decision situation the building “Stahlrain” was re-constructed in wood. It
was analysed, if simple assumptions concerning the amount and composition of material used
(depending on the way of construction) are sufficient to assess the environmental impact of the



The results show for simple constructions like reinforced concrete frames a very good approxi-
mation using simple assumptions concerning the amount and composition of the construction
element. For more complex constructions like the wooden one, the assumptions are much more
difficult to make. There is a need for approved characteristic values.

Third Simulation

In a later phase in the design process the envelope of the building is defined. Is there an optimal
insulation thickness of the envelope regarding the total environmental impact of energy use and
material use of the building?
Six cases were defined, where the thickness of insulation over the whole building envelope was
varied with factor 0.5, 1, 1.5, 2, 5, and 10. The energy use was calculated among SIA 380/1 [6]
and the environmental impact of the material and energy use was calculated using inventory data.
Figure 2 shows the results, where an optimum (for this case only) can be seen close to a factor 1
to 2.

Figure 2 Results expressed in Eco-Indicator 95. The point with factor 1 corresponds to the original “Stahlrain”.
 : material related env. impact  : energy related env. impact
 : total environmental impact

CONCLUSIONS AND RECOMMENDATIONS

LCA is a useful method to assess the environmental impact of buildings. The bottom-up approach
is very time-expensive and the uncertainties are big. The simultaneous optimisation of material
and energy related impacts is important and LCA is very suited to provide this information. To
use LCA in early design phases qualified characteristic values (for whole construction principles)
are needed. The first simulation showed that for very early design phases the environmental im-
pact of buildings is better represented using simple energy balances or other, e.g. urbanisation-
related criteria, because no information about the material is available.
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INTRODUCTION
In the design of “green” or sustainable
buildings, the criteria that the decision-makers
need to address are often conflicting and may
appear incommensurate. Usually, both
qualitative and quantitative performance criteria
are present, e.g. aesthetics, energy consumption,
economics, comfort, etc. In order to holistically
evaluate the “goodness” of a design, expertise
from a range of different fields need to be
integrated. In this complex decision-making
context, there seems to be a need for a
structured approach that can formalize the
evaluation process and make the value
judgements consistent and transparent.

This paper presents some results from a Ph.D.
study that has investigated the use of Multi-
Criteria Decision-Making (MCDM) methods in
building design. The principle aim of MCDM
methods is to help decision-makers organize
and synthesize conflicting and complex
information in a way that leads them to feel
comfortable about making a decision. In
addition, the methods intend to help decision-
makers learn about the problem they face and to
learn about their own and other parties’ value
systems. Thus, an MCDM approach seems to be
well suited to facilitate integrated green
building design. This paper includes a summary
of some approaches for MCDM, evaluated with
respect to their potential use and adaptation into
building design.

MULTI-CRITERIA DECISION-MAKING
(MCDM) METHODS
MCDM methods include Multiple Objective
Decision Making (MODM) methods and
Multiple Attribute Decision Making (MADM)
methods. MODM methods are concerned with

the identification of a preferred alternative from
a potentially infinite set of alternatives. Options
are not defined explicitly, but implicitly by a set
of constraints. By far the majority of MODM
approaches use mathematical programming in
some way. MADM methodology is designed
for problems that are concerned with the
evaluation of, and possibly choice between,
discretely defined alternatives. The MODM
methods do not easily fit into a practical
building design framework. This is partly due to
their rather complicated mathematical form.
The use of computers may facilitate this, but
still it is important that the users understand the
theory behind the methods in order to use them
correctly. Also, the MODM methods require
explicit formulation of constraints and
objectives as equations prior to their
application. This is difficult to obtain in the case
of building design. Moreover, they require a
large amount of time to collect data that in the
early design phase will have a questionable
accuracy. MADM methods are much easier to
understand and apply, and since building design
is very much about evaluating different design
options, they seem most appropriate. Thus, the
rest of the discussion will be devoted to MADM
approaches only.

There are numerous MADM methods, ranging
from relatively simple and straightforward
models to advanced mathematical approaches.
However, all MADM problems share some
common characteristics (Yoon and Hwang 1995):
• Alternatives: A finite number of alternatives

are screened, prioritized, selected and/or
ranked.

• Multiple Attributes: Each problem has
multiple attributes. The number of attributes
depends on the nature of the problem. For
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example, to evaluate cars, one may use the
attributes “price”, “gas mileage”, “safety”,
“warranty period”, and “style”.

• Incommensurable Units: The attributes may
have different units of measurement.

• Criteria Weights: Almost all MADM
methods require information regarding the
relative importance of each criterion.

According to Valerie Belton (Belton 1990), the
MADM approaches can be separated into two
major, distinct categories, plus a few individual,
fringe approaches. The two distinct categories
are the aggregate value function approaches,
principally developed and applied in the USA,
and the outranking approaches, principally
developed in France and Belgium.

The most simple and straight forward of the
value function approaches is the Simple
Additive Weighting method (SAW). Also, the
Analytical Hierarchy Process (AHP) is gaining
attention. The Simple Additive Weighting
method uses all attribute values of an alternative
and applies regular arithmetical operation of
multiplication and addition. Therefore, the
attribute values must be numerical and
comparable. Also, for the method to be strictly
valid, the criteria should satisfy the conditions
known as preference independence and utility
independence.  Preference independence states
that the tradeoffs a decision-maker is willing to
accept between any two criteria are not
dependent on any other criteria. For example,
given three criteria: “minimum environmental
loading”, “minimum cost”, and “good
aesthetics”. If a decision maker is willing to
accept a 10% increase in building costs given
that he will get 20% lower environmental
loading, this should be the case for any
implications on aesthetics. Utility independence
means that criteria are neither complementary
nor substitutes. Criteria are complementary if
excellence with respect to one attribute
enhances the utility of excellence with respect
to another. Criteria are substitutes if excellence
with respect to one attribute reduces the utility
gain associates with excellence with respect to
other attributes. The verification of these two
conditions depends upon the confidence one
can attach to trade-offs among criteria at

hypothetical levels. These types of questions
may not be easy to pose to the decision-makers
in manageable practical ways. Row and Pierce
(Rowe and Pierce 1982) argue that those who are
asked to describe indifference levels or trade-
offs may not have great confidence in their
ability to make the necessary judgements.

The AHP (Saaty 1990) has become quite
popular, and has found applications in a wide
number of fields. The most important drawback
of the AHP for use in building design is that the
pairwise comparisons may lead the decision-
maker to feel that he looses the overview of the
problem. The decision maker focuses on small
parts of the problem at a time, and when the
overall result is presented, the details of the
cause-effect relationship are difficult to see. If
the decision-maker does not understand this
relationship, the result might be hard to accept.
Another problem may arise when there are
many attributes, because the number of pairwise
comparisons becomes large. For example, if
there are 10 attributes, there will be 45 pairwise
comparisons. The advantage of the AHP is first
of all that it offers a formal and logical way of
including qualitative values in the analysis. The
consistency check may help uncover biases and
inconsistencies in judgements. Also, the
hierarchical way of structuring the problem may
help the understanding of the problem and the
value system.

The ELECTRE methods represent the most
common of the outranking approaches. Bernard
Roy (Roy 1977) developed ELECTRE because
he was critical to the utility function and value
function methods on the grounds that they
require all options to be comparable. Roy
describes the ELECTRE methods as providing
weaker, poorer models than a value function,
built with less effort, and fewer hypotheses, but
not always allowing a conclusion to be drawn.
However, Roy and Bouyssou (1986) admits that
ELECTRE “has no axiomatic basis, and
consequently it is often difficult to interpret
certain parameters in it”. They add, “only
considerations based on common sense allow
the decision-maker and the analyst to give them
a numerical value”. By using outranking
methods, some incomparable actions become
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comparable because realistic information exists,
but other actions remain, nevertheless,
incomparable.

The most serious drawback of the outranking
methods in relation to use in building design, is
that they are very difficult to understand for
people that are not experts in the field. The
value function approaches are much more
intuitive and simple. However, these too are
fraught with difficulties. The aggregation of
impacts across a wide range of variables may be
worrying to decision-makers. Some argue that
the worth of a particular plan is not a simple
additive function of the worth of the various
components or even a readily identifiable
multiplicative function, for that matter. This is
stressed in a paper by Roy and Bouyssou (Roy
and Bouyssou 1986). Some even argue that no
multi-attribute formulation can ever capture the
subtlety and delicacy of the human mind’s
ability to compare holistic alternatives
(Duckstein, Kisiel et al. 1975; Goicoechea, Hanson
et al. 1982). One the other hand, there seems to
be a lack of empirical support for this view
(French 1988). Also, it has been showed that
holistic assessments in practice give weight to
fewer attributes than a guided multi-attribute
approach (Slovic and Lichtenstein 1977; Fischer
1979). While the legitimacy of using simple
additive weighting methods may be contested, it
is a fact that they are the most commonly used
of the MADM methods. This is due to their
simplicity and intuitive appeal. Also, theory,
simulation computations, and experience all
suggest that the SAW method yields extremely
close approximations to very much more
complicated non-linear forms, while remaining
far easier to understand (Hwang and Yoon 1981).

CONCLUSIONS
An important advantage of multicriteria
methods is that they make subjectivity and
judgements explicit. Multicriteria methods
allow one to take into account conflictual,
multidimensional and incommensurable effects
of decisions in a formal way. They may help to
uncover and discover values and aspects that
would otherwise have been forgotten.  A good

MCDM approach may stimulate discussion
among team participants and promote a
common understanding of the design problem.
In this way they seem to fit perfectly into the
framework of green bulding design. However,
the methods may appear very complex and
“foreign” to building designers. Also, the
reliability of the methods is questionable,
especially when used by someone
inexperienced.  However, in building design,
one can’t expect to find the one and only right
answer in any case. Therefore, the most
important feature of the methods is that they
can produce deeper understanding of
complicated green building design issues. Thus,
as long as the users understand the logics and
shortcomings of the methodology, some aspects
of MCDM approaches may be useful in a green
building design framework.
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Introduction

The argument that a whole building assessment system needed to include a measurement of
“architectural quality” was premised on the observation that those who pay for the design and
construction of buildings will chose a “better looking” building over one that has a better
performance rating.  Accordingly, if aesthetics are not given a formal place in an assessment, an ad
hoc aesthetic judgement may unduly influence the outcome of the assessment process.  Maintaining
the integrity of the assessment process requires a method by which one could account for the
subjective elements of aesthetic preference.

Presentation

There are difficulties with this statement of the problem.  The “look” of a building can be taken to
mean the sum of a large range of experiential qualities, or it can be a literal reference to visual style
or the qualities of the finishing materials.  In the former case, without enumerating and assessing
the component elements in their context, the use of the term is excessively vague and the value of
the assessment uncertain.  In the latter case, the assessment of visual style or finish materials alone
misses many of the key architectural decisions that produce the desired image, and so the
assessment is trivial.

The implied equation of overall architectural quality with architectural aesthetics or style is
problematic due to its limited scope.  From the perspective of a North American architectural
practitioner, it is the result of a gross failure of architectural criticism affecting the North American
public and profession alike.  The Green Building Challenge process offers a strategic opportunity to
address this failure.  An assessment of architectural quality in the GBC framework would improve
the appreciation of building design, while avoiding involvement with the claims of superiority
made by one aesthetic ideal against all others.

In the void left by the failure of criticism, discussion of architectural quality in North America has
been colonized by the propaganda of the early period of the Modern Movement in architecture in
Europe.  At the beginning of the last century the association of building styles with social reform
movements introduced moral notions to the broader ideas of architectural quality.  In this regard the
1908 polemical manifesto by Viennese architect Adolf Loos entitled “Ornament and Crime” comes
quickly to mind.  Previous to Loos however, the English art critic and educator John Ruskin had
linked the artistic and architectural production of the gothic periods in Europe and England with an
idealized image of a productive and healthy society.

The result of this ideological overlay was that visual style became shorthand for a full set of
cultural assumptions regarding hygiene, productive social order and equity.  Especially in post war
North America, Modern  style was taught with a religious overtone such that to disobey the stylistic



canon was not just to produce work of poor quality, but to demonstrate moral degeneracy.  The
linkage of aesthetics and morality was, and remains, highly problematic in that it prevents critical
discussion of how aesthetic structures operate, substituting a list of approved forms for a critically
developed expression of the values inherent in a project.

The official dominance of the Modernist aesthetic produced a dichotomy in public discussion of
architecture where “the educated” held out one version of quality, and the public users were, in all
but very rare cases, better satisfied by something different. The design dogma provided an aesthetic
gloss and theoretical legitimacy to a North American architecture of expediency where the concerns
of the professional were commonly reduced to speed of construction and reduction of cost.

To displace the dogma and initiate a meaningful discussion of architectural quality we must return
to a discussion of how buildings are produced.  The process of architectural design involves the
establishment of the spatial, visual and material characteristics of a building based on the
interpretation of a program of use, provided by or developed with a client.  The interpretation of the
program is the starting point of architectural quality.  The design team may develop concepts for a
number of approaches each of which demonstrates in built form the client’s internal social
relationships and relationships to the society in which the client lives.  Generally, the more
complete and convincing the character of the design, the better the architectural quality will be.

At a panel discussion held for the year 2000 conference of the Royal Architectural Institute of
Canada, Chief Architect of the US General Services Administration Edward Feiner, suggested that
one proof of good architecture was when the community refurbished a building at the end of its
initial program life.  This judgement of time suggests the experience of the building has been
positive enough to have its owners and users invest in it both emotional value and maintenance
funds.  Accordingly, one might define architectural quality as the built character that contributes,
over time, to the recognition of a building as part of the cultural heritage of the community.

The GBC framework currently reviews a number of elements that contribute to architectural quality
under the “Indoor Environmental Quality” and “Quality of Service” sections.  These elements
cover building performance criteria such as air quality, thermal comfort, illumination, and noise
control that individual users would require satisfied to have good working or living conditions.  On
a building owners scale the framework addresses the flexibility of the planning, the maintenance of
performance, and the quality of site and amenities.  The framework also assesses the urban context
of the project with special attention to the richness of the area’s cultural character.

The treatment of architectural scale, the use of architectural elements and materials for wayfinding,
and the communication of differences between public and private spaces in a building, are also
elements which support the activities of the user and contribute to the perception of quality in the
project.  Related to the concept of scale are perceptions of the level of detail needed to support the
experience of place.  These architectural elements, and others like them, need integration with the
framework to complete the qualitative evaluation.

Examples of whole building approach to architectural quality can be found in the case studies
provided in the Rocky Mountain Institute’s Green Development handbook.  The projects presented
are considered good examples of profitable real estate development where the overall quality is
comprised of part quality of space, part ease of use (flexibility & adaptability), part air and light
quality, part context (history, cultural presence), part scale, and part coherence of visual



composition.  This type of description unifies all the elements of the experience of a building,
rather than attempting to isolate a particular source of “beauty.”

An architectural review of these successful projects reveals a richness in the handling of space,
usually integrating height and volume in addition to varieties in plan.  Connections between the
interior and exterior are well articulated, whether through access to daylight from working areas or
exterior spaces from public entrances and collective spaces.

Conclusions and Recommendations

A measurement of architectural quality represents the manner by which the building assists the day
to day activities of the occupants, makes them aware of the connection to their fellows, and at best
provides moments of inspiration.  The diversity of interior volumes, with interconnections between
spaces of differing scales is an important means of making visible the connection of an individual
to the larger group.  Diversity in scale of space is necessary to respond to the different nature of
activities undertaken with different sizes of occupant groups.  Consistency of architectural detailing
can both reflect the differences between large group activities and small group or individual
activities and indicate the continuity of the context.

The inclusion of architectural quality in the GBC assessment framework will integrate physical
elements that impact the social abilities of the user community.  The following list is presented as a
starting point.  I suggest that the following list is both neutral enough to be coherent in any regional
style, while remaining specific enough to form the basis of a ranking scheme.

1) Architectural quality
a) Diversity of spaces;

i) In plan;
ii) In interior / exterior volume;

b) Use of scale in space and detail;
i) Scale of project in relation to neighbourhood; Complementary / Contrasting
ii) Variety of scales from large public spaces to intimate personal ones;
iii) Cascade of scales: capability of unifying different scales – providing an internally

coherent identity while supporting the existence of other separate identities;
c) Connection to the exterior

i) Access to daylight / views
ii) Access to “outdoor rooms”
iii) Relationship between interior spaces and exterior landscaping / exterior urban amenity.

d) Articulation of thresholds: inside / outside; public / private
e) Consistency and coherence of stylistic approach.

i) Use of regional / local styles;
ii) Level of complementarity / contrast of non-regional styles if applied.

f) Appropriate level of finish with respect to neighbourhood context;
i) Complementarity / contrast of material texture
ii) Complementarity / contrast of colour
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INTRODUCTION

In the last decade, a number of valuable
initiatives for promoting sustainable
architecture have been developed, based on the
need for explicit and replicable evaluation
methods. These initiative raise a number of
issues at different scales and stages of project
development, from urban design to
construction specifications, and encompassing
themes ranging from global warming concerns
to local impacts on occupants [1]. The methods
also reflect the evolving issues of energy,
health and global sustainability.

These efforts have not yet attracted adequate
attention from architects, urban designers and
planners. The lack of commitment from the
producers of the built environment should be
tackled within their own fields of interest,
practising skills and relevance to spatial
dimensions. A widening gap between
designers and scientists developing evaluation
methods is increasingly evident and a factor of
concern.

Stress on life-time efficiency and operational
costs, essential issues in sustainability, are
often of little concern in project development.

Interaction of building and context, analysing
environmental influences at the micro urban
scale, is another key area for evaluation.

Especial efforts should be paid therefore to
study how design issues can be successfully
integrated into the evaluation methods.

PRESENTATION

Although the quality of architectural design is
undoubtedly related to each of these issues,
themes and focuses, the difficulty of evaluating
the implications of design decisions in the built
environment and in specific buildings is still
very considerable [2]. The risk of segregate
design issues under the consideration of being
subjective' and 'aesthetic' may also contribute
to increase the gap between designers and
scientists within the process of introducing and
developing evaluation methods in current
practice. Some of the design aspects affecting
'sustainability' may be overlooked and
underdeveloped in existing evaluation methods
and procedures.

The use of these procedures and attempts to
apply them in the specific local situation of
Buenos Aires give rise to the following
reflections:

Globalisation: The globalisation process of
technology and design may ignore specific
local cultural and geographic requirements.
There is also an increased danger that the
superficial image of well-publicised 'green
buildings' from a different context is copied
rather than the substance behind the physical
appearance.

Climate: Methods for building evaluation,
which have been prepared primarily in
developed countries as a result of climate
change and CO2 emissions concern, should be
evaluated and adjusted before implementation
in different environmental context found in hot
and warm climates.



Development: Regions with hot dry and warm
humid climates are also related to the .under
develop belt' of the tropics; therefore attention
should be paid to differing and specific comfort
requirements and life styles together with the
internationalisation of technology and spatial
configurations. Changing patterns in behaviour
constitute a 'moving target' in the performance
of the built environment, where market forces
strongly influence social expectations and user
demands. The trend supporting these factors
leads to the adoption of certain building
typologies, related to demonstrating status and
following patterns of consumption. These
parameters will then affect the factors to be
included and the balance required in the
evaluation process to achieve improved levels
of sustainability.

Change: The rapid evolution of focuses and
dimensions of 'greenness' has produced
significant variations in the structure and
content of evaluation procedures over the last
years, not always following architectural
fashions, which are also changing fast.
Therefore, evaluation methods should recognise
that the targets are moving and changing over
time, while what is targeted is also in the
process of definition.

SPECIFIC FACTORS
The following specific factors exemplify the
general reflections mentioned in the previous
section:

Bioclimatic design: The relevance of
bioclimatic design strategies for natural
conditioning of buildings may have a different
emphasis in subtropical climates where the
energy demand can be reduced to very low
levels with appropriate design. The criteria for
evaluation of the building's response to climate
may be the subjective thermal quality rather
than the control of energy consumption. Nicol
[3] has shown that thermal comfort preferences
in warm climates vary from air conditioned
buildings to natural conditioned buildings.

Embodied energy: In naturally conditioned
buildings with low energy use over the life of
the building, the environmental impact of the
embodied energy may be proportionally more
important than in the colder climates of the
developed world.

Outdoor space: The microclimatic quality and
design of usable outdoor space is of greater
importance in climates where conditions in
these spaces are closer to comfort levels.
Outdoor and intermediate spaces in traditional
housing of warmer climates, such as patios,
verandas, loggias, etc., provide additional living
area. With simple elements such as shade trees
and pergolas, etc., usable space of very low
impact and adequate comfort levels can be
created. On the other hand, in cold climates,
outdoor space has different intensity of use and
levels of benefits for the occupants.

Sustainable materials: The traditional
materials used in the developing world were by
their very nature more sustainable than most
modem materials. Renewable or very widely
available raw materials were used without
elaborate or energy consuming processes,
though frequent labour intensive maintenance.
was required. Modem materials often imply
greater environmental impact, without
necessarily assuring better environmental
quality. This raises the problems of comparing
and assessing different types of variables [4].

Development and dependency: In first world
countries, the origin of raw materials, the
industrial processes, transportation and the
technology used in the production of the built
environment can be evaluated in terms of
embodied energy, environmental impact of
production and impact on internal air quality,
etc. It can be argued that, in the context of
regions under different development stages,
promotion of local employment, reduction of
technological and economic dependence, etc.,
are also vital to promote 'sustainable
development'. It is also important to estimate



the dependence of future generations to support
excessive operating and maintenance costs due
to building inadequacy or short lifetime cycles.

DESIGN FACTORS
In both developing and developed countries, the
design quality of buildings, though difficult to
evaluate, may have a vital impact on 'effective
sustainability'. Functional relationships and the
external appearance of buildings can have a
profound influence on the users, affecting the
sense of belonging and the consequent social
behaviour.

Many large-scale housing projects around the
world, with carefully developed designs and
well planned social programmes, have
experienced catastrophic both social and
construction problems that have required major
renovation, redevelopment, partial or even total
demolition before the planned lifetime of the
buildings have been reached.

The globalisation of design at different scales is
running fast and the fragmentation of the urban
tissue seen in many developing regions shows
it's impact due to the increasing number of free
standing high rise buildings, not only in central
areas but also in new developments and small
towns. This pattern, resulting from design
alterations, is producing considerable changes
in the urban environment, affecting building
quality with immediate and long time effects
[5]. This is another example of the need to
qualify and quantify design decisions.

CONCLUSIONS
There are general and specific factors found in
less developed countries that require
adjustments to the evaluation system, both in
the variables included (or excluded) and the
relative values of each variable.

The explicit incorporation of design factors and
variables, though complex and often implying
more subjective evaluation criteria can help to

bridge the gap between environmental
evaluation and guidance for the designer.

Evaluation of buildings, as a new discipline in
the production of the built environment, may
also contribute to modify decision making
within the design process.
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HOW SHOULD ENGINEERS HELP DELIVER SUSTAINABLE CONSTRUCTION?
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INTRODUCTION
Issues of sustainability are, at present,
generally incorporated into the design
process for buildings in qualitative terms.
It is still rare to encounter a quantitative
specification for the 'sustainability
performance' of a building or structure in
the way we already use specifications for
performance relating to strength, safety,
temperature, humidity, running costs (in
terms of energy or cost), durability and so
on.

There are three main reasons: first there
are few mathematical models of
sustainable behaviour (as we can call it, by
analogy with structural and environmental
behaviour); there is also wide
disagreement about an objective means of
comparing data relating to sustainability
(of which there is a great deal). Finally,
there is the all-important question as to
who will pay for the additional work
needed to consider sustainability.

The result is an impasse - an apparent
barrier to incorporating sustainability
issues in design decisions and project
evaluation in the day-to-day work of
engineers. But engineers are known for
their ability to break vicious circles and to
act when there is too little, too much or
conflicting data. Engineers are
pragmatists.

THE ROLE OF CONSULTING
ENGINEERS
At a technical level, engineers have much
the same to contribute as they have done in
the past:

Minimum weight was always the goal of
builders of long-span roofs and bridges

and, in this century, builders of aircraft.
But the most profound study of minimum
weight as a design philosophy was by a
biologist looking at natural structures -
d'Arcy Thompson in 1917. Out of this
philosophy came the ideas of specific
stiffness and specific strength - the amount
of stiffness you get per kilogram of
material [1]. The logical progression from
d’Arcy Thompson’s work has been to
consider energy rather than weight – the
energy – and, hence, fuel resources -
needed to produce a kilogram of a material
– the embodied energy. It is a short step to
consider the amount of structural utility
you could get for a certain amount of
embodied energy – an energy-based
equivalent to specific stiffness [2]. On this
scale timber generally rates well, steel and
aluminium less well.

Building services engineers have long
been devising ways of reducing the energy
buildings need during their life. Now this
can be very low indeed, so low it can be
provided from renewable sources (e.g.
Bavarian Environmental Protection
Agency, Augsburg).

The challenge is now for engineers move
on both to broaden their approach and to
increase the influence they have on
buildings by becoming more influential at
earlier stages of their projects. This can be
difficult, not only because clients and
architects are not used to seeking such
input, but also because many engineers are
not used to looking at the broad picture
before designs have become precise
enough to calculate their engineering
performance.

Nevertheless, engineers have already
begun to make this transition and can
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INTRODUCTION
The construction of new houses with very low
space and water heating requirements can make
a substantial contribution to the lowering of
CO2 emissions. Technology for achieving such
standards has been available for over twenty
years and forms the basis for regulatory
standards in a number of countries (Swedish
Board for Housing Building & Planning 1995).
Lowe & Bell (1998) suggest that the
implementation of regulations similar to the
1995 Swedish regulations could reduce space
heating in new UK dwellings by 80%
compared with those built to current
standards. The implementation of such
standards would also guarantee affordable
warmth and effectively eliminate fuel poverty
in new housing. Lowe & Bell (1998) have
argued that such standards should be
considered in the current review of the UK
Building Regulations (DETR 2000) and could
form the basis for regulation from 2005. The
implementation of such regulations faces a
number of barriers. The construction industry
needs to be convinced that the regulations are
workable, that costs are proportionate to the
objectives and that the risk of building failures
and defects is acceptable. Equally,
Government must be satisfied that health,
safety and comfort will not be compromised.
A number of schemes in the UK have already
demonstrated the technical feasibility of
achieving large improvements in energy and
environmental performance in new housing
(Olivier & Willoughby, 1996; DETR, 1998).
However, very few of these schemes have
been subjected to comprehensive monitoring,
either of energy performance or of
procurement process, and dissemination has
been poor. It is likely that these factors have
contributed to the limited overall impact of
these schemes.

The St Nicholas Court field trial was set up in
1999, with funding from the Joseph Rowntree
Foundation, the Housing Corporation and
from the DETR under the Partners in
Innovation Programme, to address these
issues. The project  seeks to comprehensively
evaluate the impact of an enhanced energy
performance standard (Table 1) designed for
possible incorporation into the UK Building
Regulations in or after 2005. The project is
based on a development of 24 houses to be
built at St Nicholas Court for York Housing
Association (YHA) by Wates Construction
Ltd.

Table 1a Limiting U values

exposed walls 0.25

roofs 0.15

floors 0.25

windows, glazed outer doors &
roof-lights

1.3 or window energy
rating ≥ 70 (Lowe et
al, 1999)

opaque outer doors & hatches 0.6

Table 1b Air leakage & heating system performance

air leakage rate (m/hr at 50 Pa) 3.0

carbon intensity of heating (kg/GJ) 70

The purpose of this project is not to push the
boundaries of technical performance, but to
explore ways of making significant

improvements in the energy and environmental
performance of mainstream house building and
to assess the implications of doing so. This
paper reports on the objectives, methodology
and dissemination strategy of the project and
offers a brief review of some initial insights
from work in progress.



METHODOLOGY
Technology in its deepest sense consists of the
knowledge and understanding possessed by
individuals and organisations and of the
relationships between them, as much as of the
physical products of those individuals and
organisations. Understanding technological
change therefore requires the application of an
array of methods and research techniques,
drawn from the human as well as physical
sciences.

Accordingly the project is being conducted
within an Action Research framework. AR has
been defined as “the search for understanding
in the company of friends” (Stringer, 1996),
and has proved to be one of the most useful
tools for the investigation of organisational
change (Greenwood et al 1993). It is well
matched to the demands of design and
construction, particularly in the context of the
partnering approach established by YHA at
the outset. The merging roles of the researcher
and the researched encourages all participants
to articulate their ideas and ensure that they
are expressed clearly. This approach should
allow us to reveal the fullest picture of the
implications of the enhanced energy
performance standard for the designer, the
client, the contractor, the suppliers, the
workforce, building control and the dwelling
occupant.

The principal issues for evaluation will be the
environmental performance achieved, the costs
of achieving it in practice and the impact of the
proposed standards on all participants and
processes. Impacts of the enhanced energy
performance standard will be evaluated using
qualitative and quantitative measures.
Qualitative evaluation will be based on
participant observation, focus group and
individual interviews and will provide insights
into the attitudes, concerns and problems faced

by all participants in the project, including the
dwelling occupants. Quantitative evaluation
will be based on cost and physical assessments
of the dwellings. During construction and on
completion, the dwellings will be subjected to
infra-red thermography, co-heating and
pressurisation tests. Energy use, thermal
comfort and indoor environmental quality
(based on CO and CO2 measurements,
humidity levels and fungal spore and dust mite
concentrations) will be monitored during
occupation.

DISSEMINATION
Results will be disseminated directly through
papers, a web site and a conference. In
addition, an Advisory Board which will
include representatives of BRECSU, CITB,
and NHBC as well as our funders and
industrial partners, will review all results and
consider their potential implications for the
UK construction industry. The Board's task
will be to identify the information needs of all
players in the procurement process and to
devise programmes of dissemination and
training to satisfy those needs, in advance of
any revision of the Building Regulations. The
objective is to make the maximum use of
existing organisations with a responsibility for
provision of information and training to the
construction industry, to ensure the most
effective dissemination of the results from the
project.

PROGRESS TO DATE
The project began with an initial innovations
brief from YHA which was influenced by the
Egan Report (Construction Industry Task
Force 1998). The intention was to commission
a sustainable housing scheme using integrative
construction management (partnering). The
main objectives of this brief were:



• to use building products that conformed to
sustainability objectives;

• to increase predictability of construction in
order to achieve zero defects;

• to extend the partnering to include the
supply chain;

• to use standard components where
possible to reduce site re-work and waste;
and

• to achieve low space heating and hot water
use and low energy bills.

The housing scheme is based on timber frame
construction. This decision was taken very
early in the process, prior to the selection of
the constructing partner and before the
involvement of the research team. The choice
was influenced by the perceived sustainability
of timber and the fact that timber framed
construction lends itself to prefabrication (a
strong theme of Egan). It was also a form with
which the architect was familiar. The omission
of masonry construction from the project is
however significant, given its current
predominance in UK housing.

Design of the dwellings is now almost
complete. Construction is expected to begin
towards the end of 2000 and occupation is
from the middle of 2001. The design process
has been informed by a series of briefings,
dealing with solar water heating, water
consumption, passive solar measures,
potential for summer overheating, airtightness,
thermal bridging and design integration.
Technical support for these briefings has been
provided by LMU, the Design Advisory
Service, Energy Advisory Associates and
BRE.

Two of the most interesting issues identified
and explored during the design process have
been the design of the wall to minimise thermal
bridging and the use of pre-fabricated timber I-

beams in a warm-roof. The original wall design
made use of pre-fabricated storey-height
panels constructed with 195 mm deep solid
timber studs. A number of alternatives were
proposed and explored. The solution that has
eventually been adopted uses a 100 mm deep
timber frame, clad externally with 50 mm of
expanded polystyrene.  The main reasons for
this, rather than a timber I-beam solution were
the unfamiliarity of the timber frame supplier,
Oregon, with the latter, and the additional
costs of importing I-beams from the US or
Sweden. For the roof, airtightness and thermal
bridging considerations, and the need to house
mechanical ventilation systems, mean that it is
likely that an I-beam solution will be adopted
despite higher costs. In this case the partnering
process has enabled buildability issues and the
concerns of the heating & ventilating system
supplier (Baxi) to be voiced early enough in
the design process to impact on the choice of
construction system.
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1. Introduction

The  big  picture  on  this  planet,  and  the  long-term  goal  over  the  next  century  in  Europe,  is  the
conversion  to  sustainable  human  and  social  development ,  i.e.  the  creation  of  a  sustainable  'built
environment'  within  a  flourishing  'natural  environment',  each  co-existing  with  the  other  in  harmony  and
dynamic  balance,  and  each  in  their  own  way,  capable  of  providing  for  responsible  and  equitable  human,
social,  cultural  and  economic  development.

The  1998  European  Charter  on  Sustainable  Design  &  Construction [ a ]  has  placed  special  emphasis  on
implementation  through  informed  use  of  construction  related  sustainability  performance  indicators  ,
i.e.  setting  targets  and  monitoring  'real'  performance  in  the  built  environment,  which  includes  buildings,
civil  engineering  projects,  transport,  service  support  systems,  and  infrastructure.

In  particular,  Principle  26  of  the  European  Charter  states  ........
' Harmonized  short,  medium  and  long-term  strategies  in  the  policy  areas  of  energy  efficiency,
environmental  protection  and  sustainable  development  should  be  planned  for  implementation  in  the
European  Union  over  the  following  time  frames :-  

(i)  up  to  2010 ;          (ii)  between  2011  and  2040 ;          (iii)  between  2041  and  2100.
Such  is  the  threat  to  quality  of  life  and  human  progress  caused  by  current  environmental
degradation,  and  such  is  the  great  timelag  between  implementation  of  corrective  actions  and  resulting
beneficial  environmental  impacts,  that  sustainability  performance  should  be  benchmarked  at  year  1990
in  the  Member  States  of  the  E.U.
Detailed  performance  indicators  for  all  stages  of  design,  construction / de-construction,  maintenance
and  disposal  should  be  used  to  target  improvements  in  sustainability  performance,  verify  target
attainment,  and  continually  re-adjust  targets  at  appropriate  intervals  thereafter. '

This  paper  examines  the  theory  and  methodology  of  sustainability  performance  indicators  for  the
European  construction  sector,  and  reports  on  the  preparatory  phase  of  an  initial  'real'  application  in  a
mixed  housing/industrial/commercial  project  in  Ireland.    The  commencement  of  a  related  international
study  co-ordinated  by  CIB  Working  Commission  82,  and  the  establishment  of  the  E.U. 'CRISP'
Thematic  Network  in  June  2000,  are  also  discussed.
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2. Overview  of  the  Long-Term  Goal  in  Europe

♦  Arriving  at  a  Consensus  on  'Sustainable  Human  and  Social  Development'

Europe  must  now  decide  whether  its  own  future  development,  and  its  relationships  with  other
global  regions,  will  take  the  course  of  ........
(i) 'business  as  usual' ;
(ii) 'business  as  usual  -  but  with  a  little  cosmetic  tinkering  at  the  edges' ;
(iii) 'sustainable  human  and  social  development' .

The   1998  European  Charter  on  Sustainable  Design  &  Construction  raises  the  issues  which  must  be
addressed,  and  the  manner  in  which  decisions  should  be  made.

♦  A  Futures  Scenario  for  Europe

The  European  Union  already  has  an  existing,  highly  evolved  legal  base  which  underpins  an
extensive  array  of  policies  and  actions  relating  to  energy,  environment,  sustainable  development  and
social  concerns.    Together  with  regional  specific,  legally  binding  commitments  arising  from  the
1997  Kyoto  Protocol [ b ],  Europe  is  well  placed,  and  morally  bound,  to  produce  a  comprehensive
'sustainability'  strategy  for  the  next  century,  with  its  core  values  being  social  justice  and  inclusion.
The  Amsterdam  Treaty [ c ]  makes  the  formulation  of  this  strategy  imperative.

♦  Action  Programme  on  Sustainable  Design  and  Construction  for  the  21st Century

Critically,  emphasis  must  be  placed  on  creative  planning,  flexible  implementation,  reliable
monitoring  and  targeting  of  performance,  and  effective  management.    Each  function  should  be
competently  exercised.

Essential  components  in  the  Action  Programme  are  ........
(i) an  elaboration  of  appropriate,  detailed  construction  related  sustainability  performance

indicators  -  at  European,  regional  and  local  levels ;
(ii) practical  design  guidance ;
(iii) the  production  of  a  sharp,  focused  construction  and  technical  control  research  agenda.

3. Primary  Purpose  of  Sustainability  Performance  Indicators

The  primary  purpose  of  Construction  Related  Sustainability  Performance  Indicators  is  to  allow  the
construction  sector  to  commence,  in  earnest,  the  practical  task  of  implementing  a  sustainable  approach
to  the  future  development  and  modification  of  the  'built  environment'  in  Europe,  while  also  playing  its
part  in  ensuring  a  flourishing  future  for  the  'natural  environment'  by  carrying  out  sufficient  repair  to
past,  present  and  potential  future  damage  directly  or  indirectly  caused  by  construction.

§ Principle 26  of  the  1998  European  Charter  on  Sustainable  Design  &  Construction  intimated  that  a
futures  scenario  should  be  developed  which  would  cover  the  short,  medium  and  long-terms  until
the  end  of  the  next  century ;

§ Using  this  futures  scenario,  incremental  improvements  in  construction  performance  required  to
achieve  a  sustainable  'built  environment'  within  a  flourishing  'natural  environment'  may  then  be
plotted.    The  focus  of  attention,  throughout,  must  be  on  'real',  rather  than  theoretical,  performance.
See   Appendix  A    for  an  example  of  one  method  of  measuring  'real'  performance  in  buildings [ d ]  -
long  wave  ( 8 to 12 microns )  infra-red  thermography ;

§ Construction  related  sustainability  performance  indicators,  'harmonized'  for  application  in  the
European  Union,  allow  us  to  target,  reliably  quantify  and  monitor  construction  performance  in  the
built  environment  which,  by  general  international  agreement,  has  been  benchmarked  at  1990  levels.
Rigorous  procedures  are  required  to  process  the  data  generated  in  order  to  ensure  that  it  too  is
reliable  -  see   Appendix  B    for  one  example  of  such  a  procedure ;

A  secondary,  short  term  purpose  in  Ireland  will  be  to  develop  a  Sustainability  Label  Award  Scheme  for
buildings  -  a  major  departure  from  existing  methods  of  energy  and/or  environmental  rating.    Based  on
the  understanding  of  'sustainable  development'  which  is  current,  and  generally  held,  at  a  particular  time,
this  will  allow  an  objective  statement  to  be  made  about  any  individual  building,  facilitate  comparison
between  different  buildings,  and  also  indicate  more  favourable  approaches  in  the  building  design  process
itself.    See   Appendix  H .
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4. Sustainable  Development

'Sustainable  Development'  was  defined  in  1987 [ e ],  as  ........
' development  which  meets  the  needs  of  the  present  without  compromising
            the  ability  of  future  generations  to  meet  their  own  needs '  .

However,  with  the  benefit  of  twelve  year's  hindsight,  a  more  evolved  understanding  of  'sustainable
development'  should  also  embody  the  following  concepts :-
• the  place  of  human  beings  in  the  environment,  and  the  relationship  between  both ;
• the  nature  of  human,  social,  cultural  and  economic  development,  their  current  imbalances  and

inequities,  and  their  future  course ;
• the  healing  of  existing  harm  and  injury  to  the  'natural  environment'.

It  is  important  to  distinguish  between  the  natural environment,  and  the  'built environment',  i.e.  anywhere
there  is,  or  has  been,  an  intrusion  or  intervention  by  a  human  being  in  the  natural  environment.    The
'built  environment'  may  be  urban,  sub-urban,  rural  or  marine ;   it  includes  buildings,  civil  engineering
projects,  transport,  service  support  systems,  infrastructure,  etc.

Principle 1  of  the  Rio  Declaration  on  Environment  and  Development [ f ]  states  ........
' Human beings are at the centre of concerns for sustainable development.
They are entitled to a healthy and productive life in harmony with nature.'

And  the  World  Health  Organisation,  in  the  preamble  to  its  Constitution,  defines  'health'  as  ........
' a state of complete physical, mental and social wellbeing, and not merely
                               the absence of disease or infirmity '.

The  1994  Energy  Charter  Treaty [ g ]  provides  us  with  some  useful  definitions ........
Energy  Cycle :

' The  entire  energy  chain,  including  activities  related  to  prospecting  for,  exploration,  production,
conversion,  storage,  transport,  distribution  and  consumption  of  the  various  forms  of  energy,  and  the
treatment  and  disposal  of  wastes,  as  well  as  the  decommissioning,  cessation  or  closure  of  these
activities,  minimising  harmful  environmental  impacts. '

Environmental  Impact :
' Any  effect  caused  by  a  given  activity  on  the  environment,  including  human  health  and  safety,  flora,
fauna,  soil,  air,  water,  climate,  landscape  and  historical  monuments  or  other  physical  structures  or  the
interactions  among  these  factors ;  it  also  includes  effects  on  cultural  heritage  or socio-economic
conditions  resulting  from  alterations  to  those  factors. '

As  we  near  the  end  of  the  20th Century,  a  small,  but  growing,  popular  consensus  in  Europe  is  finally
acknowledging  that  in  order  to  accommodate  further  human  and  social  progress,  with  an  assured
minimum  quality  of  life  and  health  for  all  peoples,  harmony  between  global  regions,  and  world
economic  stability,  it  will  be  necessary  to  convert  from  current  irresponsible  patterns  of  human  and
social  development,  with  their  attendant  wasteful  environmental  destruction  and  societal  stresses.

However,  it  may  take  another  7-10 years  before  the  concept  of  'Sustainable  Development'  is  either  fully,
or  commonly,  understood.

5. Unrestrained  Activity  in  the  'Developed'  World

The  'developed'  world  has  long  been  characterized  by  an  enormous  consumption  of  resources.    It  was
estimated,  in  1998 [ h ],  that  20%  of  the  world's  population  in  the  highest  income  countries  consumed
58%  of  total  energy,  while  the  poorest  fifth  consumed  less  than  4%  -  and  that  the  burning  of  fossil
fuels  had  almost  quadrupled  since  1950.    A  vast  amount,  therefore,  of  'capital'  has  already  been
invested  in  this  small  part  of  the  world.    European  cities,  if  we  can  ever  clearly  establish  their
boundaries  anymore,  represent  but  a  small  percentage  of  its  land  area.

In  stark  contrast,  a  similarly  vast  amount  of  natural  resources  have  been  'requisitioned'  and  plundered
from  the  'underdeveloped'  and  'developing'  worlds  in  past  centuries  -  and  it  continues  to  this  day.    As
much  of  the  adverse  environmental  impact  arising  from  energy  production  occurs  during  the  early
stages  of  the  cycle,  countries  in  these  global  regions  have  been  burdened  with  devastation  of  natural
environments,  and  an  accumulation  of  wastes,  emissions  and  pollution  associated  with  extraction.
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6. Limitations  of  'Kyoto'  as  a  Driving  Force  Scenario

The  Kyoto  Protocol  -  agreed  at  the  3rd. meeting  of  the  Conference  of  the  Parties  (COP 3)  to  the
United  Nations  Framework  Convention  on  Climate  Change  in  Kyoto,  Japan  during  December,  1997  -
for  the  first  time  set  legally  binding  targets,  at  international  level,  for  different  regions  of  the
'developed'  world  to  limit  emissions  of  an  aggregate  of  six  more  greenhouse  gases :   CO2 ,  CH4 ,  N2O ,
PFC's ,  HFC's ,  and  SF6 .    However,  limitation  of  greenhouse  gas  emissions  is  only  one  aspect  of
performance  which  must  be  targeted  -  a  point  specifically  mentioned  in  the  Presidency  Conclusions [ j ]

of  the  Cologne  European  Council  ( June,  1999 ) .

In  the  European  Union,  political  commitment  of  the  Council,  a  clear  legal  basis  in  recent  legislation,
the  urgent  assignment  of  the  Commission  to  implement  policies  on  sustainable  development,  more
balanced  economic  progress,  social  justice  and  inclusion,  etc.,  and  strong  public  support  for  such
policies,   are  generating  sufficient  pressure  to  force  a  radical  change  of  pace  on  what  is  still  a
traditional,  inefficient  and  wasteful  major  industrial  sector  -  construction.    Sustainability  performance
targets  for  the  'built  environment'  must  now  be  set  down,  monitored,  and  stringently  controlled.

It  is  important,  therefore,  to  produce  a  futures  scenario  in  order  to  clarify  the  nature  of  the  task  in
front  of  us,  the  actions  and  timescales  required,  and  the  paths  to  be  taken.    The  following  areas  should
be  examined  in  such  a  futures  study  which  will  cover  short,  medium  and  long-terms  up  to  the  year
2100,  with  performance  benchmarked  back  to  1990  levels  ........

• Methods  of  effectively  conserving  energy  which  is  derived  from  natural  resources ;
• Cleaner  energy  from  existing  sources ;
• Introduction  of  the  next  generation  energy  sources,  e.g.  nuclear  fusion ;
• Extension  and  enhancement  of  carbon  sinks  &  carbon  technologies ;
• Innovative  'SEED'  technologies,  covering  production  and  services ;
• Control  of  ozone  depletion / global  warming  gases,  and  the  attainment  of  atmospheric  integrity ;
• Achievement  of  social  justice  and  inclusion  for  every  'person'  in  society ;
• Enhancement  of  the  'natural  environment'  by  means  of  sufficient  human  repair  to  past  injury  in

order  to  encourage  a  process  of  self-healing,  and  self-management.

See   Appendix  C   -  'New  Earth  21'  Strategy  for  the  region  of  Europe  ( based  on  Japanese  work [ k ]

from  the  early  1990's ) .

7. Our  Responsibility  -  To  Target  Sustainability  Performance

At  global  level,  the  Implementation  Plan  for  the  United  Nations  Commission  on  Sustainable
Development  ( UNCSD )  Work  Programme  on  'Indicators  of  Sustainable  Development'  is  now  in  its  3rd

Phase :  January  1998  until  January  2001.    An  initial   Working  List  of  Indicators [ l ]   has  already  been
produced  which  is  intended  for  global  application.    It  is,  therefore,  necessarily  general  in  nature  ( and
not  at  all  construction  related ) .    These  indicators  cover  four  aspects  of  Sustainable  Development,  i.e.
Social ,  Economic ,  Environmental  ,  and   Institutional ,  and  are  presented  in  a   Driving  Force - State -
Response   framework ;   trial  application  is  taking  place  in  four  global  regions :  Africa,  Asia  &  Middle
East,  Europe,  Americas  &  Caribbean .

See   Appendix  D    -   Fundamental  Matrix   of  construction  related  sustainability  performance  indicators.

8. A  Reasonable  Target  for  the  Construction  Industry  in  Europe

Encouraged  and  'incentivized'  by  institutional  and  administrative  frameworks  at  E.U.,  regional  and  local
levels,  a  reasonable  target  for  construction  related  performance,  in  the  short  term,  must  be  to  meet  the
criterion  of  'economic  viability  and  technical  feasibility',  based  on  accurate  life  cycle  costing,  and  using
proven  state-of-the-art  technology  which  is  readily  available  in  the  European  marketplace.    Anything
less  is  unacceptable.

EN ISO  14040 [ m ]  defines   Life  Cycle  Assessment   as  follows  ........
' Compilation  and  evaluation  of  the  inputs,  outputs  and  the  potential  environmental  
           impacts  of  a  product  (and/or  service)  system  throughout  its  life  cycle. '



Page 5 of 7

9. 'Life  Cycle'  of  a  Building

The  many  actors  and  disciplines  involved  in  the  European  construction  industry  each  have  their
traditional  views  and  opinions  concerning  the  different  stages,  and  the  duration,  of  a  building's  life
cycle.    Generically,  however,  we  may  identify  the  following  ten  segments  in  a  complete  cycle  ........

§ Expressed  needs / wants / desires / requirements  of  the  client ;
§ Planning  brief  and  performance  specification  for  the  building ;
§ Site  analysis  and  evaluation ;
§ Design ;
§ Preparation  for  construction ;
§ Construction ;
§ 'Early life'  of  the  building  in  use  -  including  management,  maintenance,  servicing ;
§ Adaptable  'middle age'  of  a  building  in  use  -  including  renovation,  refurbishment,

modification,  alteration,  and  extension ;
§ De-Construction ;
§ Disposal .

With  adequate  emphasis  placed  on  'adaptability'  throughout  the  design  stage  of  a  building,  and  quality
of  construction  on  site,  it  must  be  a  requirement  -  to  realize  the  target  of  a  sustainable  'built
environment'  -  that  the  duration  of  that  building's  life  cycle  will  be  in  the  order  of  ........

for  structure  100 – 200 yrs ;
for  the  building  fabric    50 – 100 yrs ;
for  services    20 –   30 yrs ;
for  furniture  &  fittings    10 –   20 yrs .

10. A  Proper  Basis  for  Harmonized  E.U.  Indicators

Initially,  those  areas  of  construction  related  performance  which  are  particular  to  regional,  climatic  and
site  conditions  in  the  many  different  parts  Europe,  or  are  of  concern  to  people  in  those  areas  involved
in  the  design,  construction,  servicing,  maintenance,  use  and/or  de-construction  of  buildings,  should  be
closely  examined.    Potential  means  for  encouraging / 'incentivizing'  implementation  at  these  levels  should
also  be  investigated,  e.g.  financial  instruments,  development/management  computer  tools,  planning,
design  and  construction  guidance,  institutional  reform,  streamlining  of  legislation,  etc.

The  development  of  a  national  bank  of  construction  related  data  and  statistics  in  each  Member  State,
which  will  feed  directly  into  the  framework  controlled  and  managed  by  Eurostat  in  Luxembourg,  will
be  a  necessity.    All  statistics  gathered  should  be  impartial,  reliable,  objective,  scientifically  independent,
cost-effective  and  statistically  confidential [ n ]  -  E.U. Amsterdam  Treaty.

Work  at  regional / national,  and  local  levels  will  provide  a  proper  basis  for  the  later  production  of
'harmonized'  E.U. sustainability  performance  indicators.      See   Appendix  E   for  the  beginning  of  this
process  in  Ireland.    The  Forum  on  Sustainable  Construction,  established  in  the  winter  of  1997,
comprises  representatives  from  Irish  industry,  the  design  professions,  the  national  building  research
organization,  education,  and  public  bodies.    Since  a  meeting  in  Barcelona,  during  December  1998,
similar  studies  have  commenced  in  other  countries  around  the  world  which  are  being  co-ordinated  by
CIB  Working  Commission  82 :  'Futures  Studies  in  Construction'.    The  establishment,  in  June  2000,  of
the  E.U. 'CRISP'  Thematic  Network  has  given  this  entire  area  of  research  a  very  firm  foundation.

11. Adaptation  of  Existing  Buildings  &  Urban  Districts  -  Particularly  Those  of
Cultural,  Historical  or  Architectural  Importance

A  major  challenge  for  the  European  construction  industry,  in  the  short  term,  will  be  the  refurbishment /
modification / alteration / extension  of  existing  building  stock,  and  derelict  or  contaminated  lands  in  urban
centres.    By  the  year  2010  in  Ireland,  for  example,  houses  built  before  1980  ( representing  just  50 %  of
total  housing  stock )  will  account  for  80 %  of  that  market  segment's  energy  consumption.

With  regard  to  buildings  of  cultural,  historical  or  architectural  importance,  the  difficulty  is  increased
because  of  the  absolute  necessity  of  respecting  the  original  integrity  of  the  building  -  consult  the
Venice  Charter [ o ].    Our  aim  here  must  be  to  protect  and  conserve,  but  also  to  sustainably  exploit  the
wealth  and  value  of  cultural  heritage  as  an  important  ingredient  in  'social  wellbeing'.
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12. Construction  Related  Sustainability  Performance  Indicators

Some  examples  of  the  wide  range  of  required  urban  sustainability  performance  indicators,  which  must
be  mutually  compatible  across  all  fields  of  design,  construction  and  logistics,  might  be  as  follows  ........

- Unit  area  of  derelict  land / buildings  in  an  urban  area,  per  person ;
- Impact  of  an  urban  area  on  global  climate ;
- Periods  during  which  external  air  quality  in  the  city  adversely  affects  human  health ;
- Quantity  of  wastes,  per  person,  generated,  re-used,  recycled,  and  finally  disposed ;
- Use / consumption  of  energy,  per  person ;
- Use / consumption  of  water,  per  person ;
- Maximum  distance  travelled  (un-aided)  to  nearest  transportation  node ;
- 'Social  wellbeing'  of  neighbourhoods  in  a  city  ( long  term  unemployment,  homelessness,

numbers  of  people  below  the  poverty  line,  or  living  in  inadequate  housing,  'fuel  poverty',
etc.) ;

- Rates  of  crime / anti-social  behaviour ;
- Life  expectancy  of  inhabitants  &  rates  of  illnesses,  accidents  and  fatalities ;
- Percentage  of  construction  costs  required  to  be  expended  on  incorporating  works  of  art ;
- Reliability,  accessibility,  efficiency  and  affordability  of  public  services ;
- Accessibility  and  health / safety  of  an  urban  environment  for  people  with  disabilities ;
- Quality  of  public  open  spaces ;
- Free  access  to  activities / institutions  of  cultural,  artistic  or  historical  interest ;
- Transparency  of  city  governance  &  'meaningful'  participation  of  the  citizen.

See   Appendix  F   -   initial  application  of  a  sample  of  indicators  ( building  related )  in  a  mixed  use
development  project  in  Ireland.    Construction  commenced  in  mid-2000.

See   Appendix  G  -  finished  examples  of  some  detailed  building  related  sustainability  performance
indicators,  in  functional,  performance  and  prescriptive  formats,  which  are  ready  to  be  transposed  into
legislative  instruments,  standards,  guidance  documents,  etc.,  at  any  level  of  the  European  Union.

Once  a  substantive  body  of  'harmonized'  E.U. construction  related  sustainability  performance  indicators
has  been  produced,  the  final  objective  will  be  to  surgically  insert  these  indicators  into  the  framework  of
the  existing  UNCSD  Working  List  of  Indicators ,  already  mentioned  in  #7  above.

13. Sustainable  Human  and  Social  Development

 Realistic  implementation  of  a  strategy  for  'sustainable  human  and  social  development'  in  Europe  will  be
a  complex,  phased,  cyclical  and  iterative  process ;   it  will  not  be  easy,  and  it  will  certainly  involve
considerable  financial  cost.    To  be  gained,  however,  will  be  'social  wellbeing'  -  an  overall  state  of
health  and  happiness  in  society.

This  option,  for  the  construction  industry,  will  be  characterized  by  ........
(i) Consensus,  on  a  common  understanding  of  sustainable  human  and  social  development,  by  all

elements  of  this  industrial  sector  -  working  in  'partnership' ;
(ii) Establishment  of  a  reliable,  construction  related  databank  in  each  E.U. Member  State  -  which

will  interlink  directly  with  Eurostat  in  Luxembourg ;
(iii) Completion  of  the  Fundamental  Matrix  shown  in  Appendix  D    -   at  all  appropriate  levels ;
(iv) Meeting  initial  construction  related  targets  -  and  then  reviewing,  re-adjusting  and  improving  the

next  round  of  indicators  based  on  'real'  performance  feedback ;
(v) Continual  repetition  of  the  above  'indicator'  cycle ;
(vi) Introduction  of  a  wide  range  of  positive  incentives  to  encourage  acceptance,  by  all  elements  of

the  construction  industry,  of  the  necessary  burdens  and  change  in  practices  required  to  convert
to  sustainable  design  and  construction ;

(vii) Substantial  E.U. and  national  expenditure  on  construction  and  technical  control  related  research,
and  on  practical  implementation  guidance,  training  and  education ;

(viii) Dramatic  improvement  in  construction  related  education  programmes,  at  all  levels,  throughout
Europe  -  to  develop  creative  and  flexible  thought,  and  to  instil  a  'person-centred'  and  'socially
inclusive'  approach  in  the  planning / design / construction  of  a  sustainable  'built  environment' ;

(ix) Protection  of  cultural  heritage  -  and  'indigenous'  architecture  and  methods  of  building.
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Introduction 
Green building design is about trying to minimize the “total” environmental impacts of 
construction over the “total” life cycle of the building, from materials manufacturing and 
transport through construction, use, maintenance & repair, through end-of-life 
management.  A life cycle environmental perspective means broadening our scope along 
2 dimensions: the life cycle and the environment.  The “total” impacts of a building 
include those from its useful life, and those from manufacturing and transporting all the 
materials (and energy) used to build and maintain the structure.   

It’s easy to get lost in this effort.  The solution is to prioritize, to sort the trivial from the 
important advice, and to focus our green design energies on the aspects of the 
construction project which matter most – that is, those which offer the greatest potential 
for environmental improvement of the project’s total life cycle impact.  Prior studies have 
continually shown that “upstream” environmental impacts of a building are an important 
part of the total life cycle burden, equaling or exceeding the burdens associated with 10-
20 years of operational energy even in cold climates. 

There are hundreds of inputs to even a simple building.  It is not practical to consider the 
upstream environmental impacts of all 500 during project design and material selection.  
Fortunately, there’s no need to, either.  Upstream analyses are showing that for a given 
environmental impact category, roughly 2 dozen inputs account for roughly three quarters 
of the total upstream environmental impact.  The key is to identify those components and 
focus efforts on greening them. This is the objective of the Baseline Green system 
developed by Sylvatica, the Center for Maximum Potential Building Systems (CMPBS), 
and BNIM Architects. 

The Baseline Green Method 

Baseline Green allows project commissioners or designers to conduct an upstream 
environmental analysis of project inputs at several stages during project design, starting 
at the conceptual design stage where design freedom is greatest.  It first groups the 
several hundred inputs by system category using the popular Uniformat II categorization 
system in order to aid in summarizing results.  Next it estimates the share of upstream 
environmental burden due to each input using life cycle assessment (LCA), based on 
detailed models of their supply chains and the pollution emitted from each sector of the 
economy.  The results are used to identify which building system categories make the 
highest contributions to total upstream burden of the project, and which specific inputs 
within each category are rank highest in terms of the environmental improvement 
leverage they provide. 



The upstream LCA is accomplished using a model constructed entirely from US 
government data. Databases from the US Department of Commerce describe the 
hundreds of inputs to each of over 50 distinct types of new and maintenance & repair 
construction project, from new hospitals to repair of electric utility power plants. Other 
databases from the Department of Commerce provide quantitative models of the supply 
chains of each project input: specifically, how much of each sectors’ outputs are used by 
all other sectors in producing their products. A third set of databases comes from the US 
EPA, and quantifies the releases of pollution from each sector as it produces its products. 
The three sets of databases have been combined to create an input/output life cycle 
assessment system for evaluating detailed inputs to construction projects of all types. 

Example output at the category summary level from Baseline Green is shown in Figures 
1 and 2 for the Montana State University EpiCenter project designed by BNIM. In this 
application the tool has helped designers focus their green energies on the inputs that 
matter most for that building type.  A surprising aspect of the results is the relative 
importance of some of the less massive input categories, such as electrical, HVAC, and 
interior finishes.   

Miscellaneous
14%

Exterior Closure
12%

Superstructure
12%

Service Sectors
11%

Electrical
11%

HVAC
8%

Interior Finishes
6%

Plumbing
6%

Interior Construction
5%

Foundations
5%

All remaining
10%

 
Figure 1: Upstream air pollution shares of input categories: MSU Project 

Another surprise is the importance of some “service sector” inputs.  This category 
includes electricity sold directly to the construction industry from electric utilities, but it 
also includes inputs to the project from professional service sectors such as Architects 
and Engineers.  Recall that for each input to the construction sector, the method performs 
an entire supply chain Life Cycle Assessment.  Thus, the environmental burdens of 
Architectural Services includes an estimate of the pollution from manufacturing all the 
paper, office equipment, electricity, and so-on used by the firms; it also includes business 
travel by A&E personnel, and an apportioned share of the construction and renovation of 
office space for the industry itself.  



Figure 3 shows the major components of the “Services” category.  The results indicate 
that together, inputs of A&E services (and their supply chains) account for 4-5% of the 
total upstream air pollution burden of constructing a project like the MSU EpiCenter. To 
put this into perspective, this is roughly equivalent to the air pollution burdens from all 
electrical input to the construction sector for the same project.  It is also on a rough par 
with the air pollution burden of manufacturing the structural steel for the project. 
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Figure 2: Upstream toxic release shares of input categories: MSU Project 
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Figure 3: Upstream air pollution shares of “Service” inputs: MSU Project 

Reference: 

Norris, G.A. 2000, Updated Baseline Analysis of the Upstream Environmental Burdens 
of the MSU Epicenter Pilot Building. Sylvatica, North Berwick, Maine, USA. 
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INTEGRATED ENERGY EFFICIENT AND SUSTAINABLE URBAN SCHEME
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RE-Start is a project involving 8 European
Cities, addressing Renewable Energy
Strategies and Technology Applications for
Regenarating Towns.

Exemplary Urban Projects were demonstrated
between 1996 and 2001 under the EU
Programme Thermie:
- Each RE-Start City demonstrates a district

where a regeneration project is executed,
with new comprehensive rules

- The area of influence of each City-Project
allows a strong impact on the decisional
mechanisms of the city

- A mix of functions are comprised in
REStart,  representing the complexity of
urban situations

Implementation of Renewable Energies in
City Policies requires an integrated approach
addressing at the same time:

- Top-down approach - Related mainly to
the activity of governments and/or
institutions when introducing new
regulations

- Bottom-up approach - Organising the
needs of a community and preparing the
policies which comply with these needs

- Demand-side approach - Concerning the
end-uses of citizens and their needs

- Supply-side approach - Refers to the
capability of the market to organise the
production of goods and technologies
which respond to consumers’ needs.

Integrated Urban Design

The City of Rotterdam is part of RE-Start
through the demonstration project Nieuw
Terbregge. The main environmental aspects
are reduction of energy use, the use of
environmentally sound materials, reduction of
water consumption and nature development.
The relatively polluted water of the nearby
river Rotte, for example, will be filtered by
halophytes before it enters the area.

Top Down

Supply Demand
side side

Bottom Up

Torino

A.M.Barcelona

Lyon

Glasgow

Rotterdam

Copenhagen

Porto

S.Dublin

RE-Start
Renewable Energy Strategies 

and Technology Applications for Regenerating Towns



Public Private Partnership
Nieuw Terbregge is innovative for its energy
technology application at large scale. Also the
process is innovative.
The development of the whole project of 860
houses is in hand of a commercial project
developer, who works on the basis of
performance requirements provided by and
and agreed with the City of Rotterdam.

The public private partnership created the
possibility to integrate urban and architectural
design of various parts of Nieuw Terbregge.
Four architects were developing parts of
Nieuw Terbregge while one was in charge of
the urban development.
The energy strategies became integral part of
urban and architectural design.

landscaping – highway-ringroad Rotterdam

Nieuw Terbregge is separated from a major
highway by a hill containing well kept and
controlled polluted sand. This hill is
developed into a linear park, from which one
can overlook the highway and the buildings.

landscaping – existing waterfront

On its north border Nieuw Terbregge faces
dykes of the Rotterdam river Rotte.

INNOVATIVE ENERGY
TECHNOLOGIES

Active and passive solar systems

A part of Nieuw Terbregge demonstrates the
application of solar energy in buildings. As
the aim was to focus on replicable
technologies passive solar and active solar
thermal systems are applied. Two storey
sunspaces on the entrance façade of the
houses and 6 m2 solar collectors contribute to
the energy demand of space heating and
domestic hot water.

Design integration heat delivery station

Other parts of Nieuw Terbregge demonstrate
the integration of heat delivery through small
scale combined heat and power stations.
Each heat delivery station provides heat to
about 40 houses, thereby minimizing the
length of transportation pipes.
Several solutions of planning and design
integration are demonstrated in Nieuw
Terbregge, Rotterdam.



Small scale combined heat and power

Small scale combined heat and power (chp)
units are placed ‘in cascade’, so that the heat
load is optimised. Heat is temporarily stored
in a central storage tank. Electricity enters the
electricity grid, and is partly used on site.
One heat delivery station also contains a
ground water heat pump system.
Combinations of heat/power installations and
heat pumps are especially efficient while the
heat/power installation produces electricity
that can be used for the heat pump.
The heat delivery stations are developed,
managed and maintained by the utility
company.

High-insulating glass (U-value of 1.0 W/m2K)
and appropriate insulation levels (U values
below 0.3 W/ m2K) have been applied to
minimize the heat demand.
The City of Rotterdam also required this
project to meet the requirements of their
Sustainable Building program. The choice of
sustainable building materials has been a
design input.

National benchmarks
Since 1996 the Dutch Building Code contains
an Energy Performance Standard for new
houses. In 1998 and 2000 the maximum
coefficient admitted was lowered. The RE-
Start project developed in 1996 demonstrates
energy performances below the 2000 level.
The measures taken reduce the emission of
CO2 by 25% to 55% compared to new houses
in 1996. Further reduced levels are anticipated
for the second part of Nieuw Terbregge which
is currently under development.

CONCLUSIONS
The RE-Start Rotterdam project Nieuw
Terbregge demonstrates the how innovation
can be achieved on the scale of the
development of an area of 860 houses. The
project serves as an example for the 10,000 ’s
of houses Rotterdam shall build in the near
future.

Site visit of Rotterdam alderman

Commercially valid
The project developer experienced how
commercially valid the project was. Their
policy to use urban, architectural and
technical quality as a benchmark allows the
integration of energy issues. New project
initiatives already build on the RE-Start
Rotterdam project experiences.

Monitoring and evaluation results shall
become available by the end of 2001 when
the full project is in use for over a year.

References:
1. More information on RE-Start can be

found at www.resetters.org



























Building real buildings with cardboard

Dr Andrew Cripps, Buro Happold Consulting Engineers, 17 Newman St, London,
In partnership with: www.cardboardschool.co.uk
Cottrell and Vermeulen Architects Architect
Westborough School Client
Essex Tube Winding Ltd Manufacturers of card tubes
Paper Marc Manufacturers of paper and board
Quinton and Kaines Manufacturers of panel products
C G Franklin Building Contractor
Dept of the Environment, Transport and the Regions Government Sponsor

Introduction - why build with cardboard

Cardboard is a material with an image
problem. People think of it as a disposable,
short life packaging material with poor
properties. In reality it can perform very well
over an extended period if it is designed
correctly and treated properly. Perhaps most
importantly from an environmental and
sustainability point of view it is also made
from a waste product for which there are few
alternative uses - paper. This makes efforts to
find appropriate construction uses of
cardboard appealing in environmental terms,
as well as offering an interesting challenge.

There are already several common uses of
cardboard in construction, and more still in
the furniture sector. A large proportion of
internal doors are filled with a cardboard
honey-comb, covered with a thin laminate.
Tubes are used for column forming because
they are cheap and available in large numbers.
This not only reduces cost compared to other
sorts of form work, but can save time as well.
Tubes are also being used to help the process
of pile driving. Panel products are widely
used in temporary and Exhibition structures.

Cardboard dominates the packaging industry,
because of its low cost, but also its ability to
give enough protection to the object being
packaged. There is no need for greater
strength for breakfast cereal boxes; these
products normally reach us in good condition
so it is clearly doing its job. But by coating
cardboard it is possible to use it for
transporting frozen fish. Perhaps most striking
is its dominance of the fruit drinks market,

where a vast quantity of liquid is transported
in cardboard boxes lined with aluminium and
plastic.

What these examples show is that like any
other material, cardboard, when engineered
correctly, can do the job it is asked to do.

Figure 1:Card beam under two man test load!

Environmental issues

The process of paper and cardboard
production is interesting from an
environmental point of view, and has often
generated debate. All of the materials
involved are relatively cheap and bulky, so
that transportation is a key issue for
consideration. However fundamentally, using
cardboard products must help to find a secure
market for the waste paper that is otherwise
finding its way into landfill sites.

Worldwide the annual use of paper and board
is about 300 million tonnes, and this requires
a lot of trees. The card industry is one of the
largest users of post consumer waste paper.



The issues to consider in terms of paper
recycling are the collection and movement of
the material, and any waste products removed
in the process. These wastes are both solids,
like plastics or any stray metal, and liquids,
including any inks or water repellents. The
energy balance of recycling also deserves
checking, as if it is carried out sufficiently
inefficiently it might be less energy intensive
to use new trees instead.

Overall I am confident that wider appropriate
use of cardboard in construction will have a
positive impact on the environment.

What has been done before

The largest number of cardboard buildings
have been designed by the Japanese architect
Shigeru Ban, most recently the very large
gridshell for the Japanese pavilion at the
Hannover Expo. However, in my opinion, the
most important work he has done has been in
emergency shelters. These have been used in
Africa and more recently in Turkey following
the earthquake there, and have been based on
cardboard tubes.

Figure 2: Local Zone in the Millennium Dome

Buro Happold has experience of large scale
construction with cardboard, with three
important projects being the Local Zone (also
called Shared Ground) in the Millennium
Dome, the Japanese Pavilion for the
Hannover Expo in 2000 and a cardboard arch

in the garden of MOMA (Museum of Modern
Art) in New York. All three of these examples
involved the architect Shigeru Ban again,
although others were also involved.

Our project

One of the features of most of the previous
examples is that they are short lifetime
buildings. At Westborough school we wanted
to develop something more modest in terms
of size, but with a longer useful life.

The Westborough school, near Southend to
the East of London, is a large school for the
under 11s, with over 700 pupils. The project
is for an 'after school club', which also
provides toilets for the playground, and a
general purpose space for the school.

Our current design thinking is shown in the
two images below. The intention is to make
an interesting building, so that people have
further reason to take note of it. Its form
reflects the nature of cardboard, in particular
the corrugated nature of the South facing
wall. The main approach is to use 50 mm
thick honeycomb card built up in three layers
to make a complete wall or roof panel. These
are timber edged to aid jointing. Across the
centre there is a wooden truss, necessary to
span the width of the building. This is
supported by cardboard tubes; other tubes
support the roof on the side with the large
windows.

Figure 3: Internal view from design concept



Figure 4: Aerial view of design concept

Dealing with fire and water and other
hazards

Water

When you talk with people about building
with card, they nearly always ask something
like, 'Won't it get soggy when it rains?' The
answer is of course yes - unless you do
something to stop it. In this case we have
opted for a 'belt and two sets of braces
approach', we do not have time to test options.

First we are treating the card with a water
repellent chemical, to prevent the card
absorbing moisture from the air, and to allow
it to survive any accidental wetting. This
chemical is removed in the re-pulping
process, so allows recycling, although in an
ideal world it would be avoided.

Secondly, each panel is coated with a plastic
layer, to keep moist air or liquid water out.
This coating is also removed by the pulping
process.

Finally, on both the inner and outer faces of
the panel, there will be a protective top layer.
On the outside this will serve as a rain-screen
or tile, and on the inside as a pin-board for the
classroom. This outer layer may well need to
be replaced every few years, as it will bear the
brunt of footballs on the outside, and
whatever the children are doing on the inside!

Fire

Although cardboard obviously does burn, it is
actually very similar to wood in its fire
performance. This means that it tends to char
on the surface, and therefore although it is
damaged, it does not contribute significantly
either to the heat of the fire nor to the spread
of flame. Hence, in this case at least, the issue
of fire is not as critical as might be expected.

Other hazards

The description of the panel system covered
the approach to natural wear and tear with the
outer and inner layers. The outer layer is not
fully specified yet, but will also need to be
tough enough to discourage deliberate
damage. However the school does not have a
problem with vandalism so this aspect does
not need to be excessive.

In other locations there could be more of a
problem with vermin of various types. Care is
needed in the detailing to make it difficult for
any to gain access. We can learn from the
straw building community in this respect.

Conclusion: Environmental impacts

One particular benefit of using honeycomb
cardboard as the main structural component,
is that it provides good insulation at the same
time. Calculations show that the panel
structure we plan to use has a U value of
around 0.3 W/m2 and this is sufficient to
exceed the UK building regulations.

In setting out on the project, we set ourselves
the target of achieving 90% recyclability, and
90% recycled material input. It is important to
emphasise that the need to deliver a viable
building supersedes those targets, but we are
still confident we will be close to achieving
this through the use of so much card.

Everything in sustainable construction
involves some compromise, and we are
comfortable with where this project is taking
us - but believe others could go further.









































THERMAL AND ACOUSTIC PERFORMANCE OF LIGHT STEEL FRAMING 
  

Dr Mark Gorgolewski  
The Steel Construction Institute, Silwood Park Ascot, Berks, SL5 7QN, UK. 
   

INTRODUCTION 
The market for light steel framing in domestic buildings is potentially large as the construction 
benefits of durability, high strength, reliability, versatility and speed of construction, and 
environmental benefits such as recyclability, long life, and adaptability, are realised. Residential 
construction using steel frames has increased significantly in the USA, Japan, Canada, Sweden, 
France, Australia and in the UK in recent years. The reasons for the increased interest in light 
steel framing include: 
  

!" Increased interest in prefabrication in construction. 
!" The durability, and quality offered by light steel framing. 
!" Speed of construction. 
!" The volatility in the timber market and the declining quality of structural timber. 
!" Concerns about environmental issues such as sustainable forestry practices and the 

destruction of natural habitats.  
  

The American Institute of Architects in their Environmental Resource Guide recommends that 
steel may be considered less environmentally harmful than many other alternatives because many 
steel products are made totally or partially from recycled scrap.  
 
INSULATION LEVELS 
Light steel-framed construction allows high levels of insulation to be achieved economically and 
without leading to excessively thick walls. Steel-framed walls with U-values of below 0.2 
W/m2K have been built in the UK within tight budgets for social housing.  
 
However, in framed construction it is important to consider the effect of the framing elements as 
a thermal bridge through the construction. Traditional framing has tended to put insulation 
between the framing elements which then penetrate from the inside to the outside of the thermal 
insulation. This leads to areas of reduced thermal resistance and increased heat loss through the 
structure, and can increase overall heat losses by 10% to 50% depending on the materials and 
details used. Furthermore, there may be a risk of interstitial or surface condensation. Such 
detailing is particularly problematic in steel-framed construction since steel has a high thermal 
conductivity. 
 
A variety of methods have been developed worldwide for dealing with this issue in light steel 
framing. These include slotted steel studs with reduced conductivity, insulated sheathing boards 
and thermal breaks. In the UK the "warm frame" principle is generally used. Most or all the 
insulation is placed on the outside of the steel frame so that the steel is within the insulated 
envelope and remains at or close to the internal room temperature. This reduces heat loss through 
the steel and avoids interstitial or surface condensation. There is a slight penalty of increased wall 
thickness, and to reduce this polyisocyanurate or polyurethane insulation boards with low 
conductivity are used. 
 
SITE TESTS PERFORMANCE TESTS 
The SCI have recently completed a series of tests of light steel framed dwellings to establish their 



"as built" thermal performance1. These include air infiltration tests to establish the air leakage 
through the envelope (with improved insulation levels air infiltration is becoming the dominant 
heat loss from dwellings); thermographic surveys to measure the surface temperature of the 
building envelope and identify areas of increased heat loss or thermal bridging; and 
measurements of the "as built" wall U-value (for comparison with theoretical values). Acoustic 
tests were also carried out included the airborne sound insulation through a separating wall and 
floor, and the impact sound transmission through the floor. 
 
The measured U-values for light steel frame envelope elements are compared in Table 1 with 
calculated values and with current industry standards. These demonstrate that the light steel 
framing dwellings are achieving low U-values, and that is possible to achieve very low U-values 
using this form of construction, well below the current UK requirements. In the UK at present 
this is often being achieved with no insulation between the studs. In other countries, some or 
most insulation is placed between the studs for reasons of economy and reducing wall thickness.  
 
Table 1 Comparison of the measured and calculated U-values and air infiltration tests 

achieved in light steel frame construction in the UK. 
 
Buildings 

 
Wall U-
values 

 
Floor U-values 

 
Roof U-values 

 
Specific air 
leakage rate 

  
W/m2K 

 
W/m2K 

 
W/m2K 

 
Q50 (m3.s -1.m2) 

 
1995 Building Regulations 
For SAP energy rating of <60  
For SAP energy rating of >60 

 
 

0.45 
0.45 

 
 

0.35 
0.45 

 
 

0.2 
0.25 

 
 

n/a 

 
Good practice 

 
0.35 

 
0.32 

 
0.2 

 
5  

Ultra-low energy homes 
 

0.2 
 

0.2 
 

0.2 
 

3  
Values in light steel frame dwellings (measured figures in italics) 

 
Oxford Brookes University

 
0.2 (0.216)

 
0.38

 
0.2

 
7.5 

Northampton Lane 
 

0.21 
 

0.18 
 

0.14 
 

8.1  
Bryncethin Road, Garnant 

 
0.16 (0.20) 

 
0.37 

 
0.17 

 
9.8  

Dos Road, Newport 
 

0.4 
 

0.34 
 

0.18 
 

6.4  
Rosedale house 

 
0.37 

 
0.19 

 
0.51 

 
n/a 

 
The thermographic surveys confirm that thermal bridging is avoided by using the "warm frame" 
principle with insulation placed on the outside of the steel frame, although a few areas were 
identified where insulation was incorrectly or poorly installed. The air infiltration tests confirmed 
that light steel frame dwellings are similar to the average for all new UK housing. There is 
currently a lack of knowledge in the UK construction industry about how to achieve low air 
infiltration rates, and this is an area where light steel framing can achieve considerable 
improvements. 
 
ACOUSTIC TESTS 
Table 2 compares the measured acoustic performance of light steel framed walls and floors with 
the acoustic requirements of the current English Building Regulations, and a proposed new 
enhanced acoustic standard for the UK (Quiet Homes).  The tests show that typical, currently 
used, light steel framing separating floor and separating wall constructions can achieve acoustic 
insulation standards well above current requirements, and generally meet the new enhanced 



acoustic standard. The main area of concern highlighted was that of flanking transmission, where 
sound is transmitted by walls around a separating floor. This requires suitable detailing to reduce 
the effect. 
Table 2  Comparison of the acoustic tests of light steel frame dwellings 

Building  Separating wall Separating Floor 

 
 

DnTw 
(dB) 

DnTw +Ctr 
(dB) 

DnTw 
(dB) 

DnTw +Ctr 
(dB) 

LnTw 
(dB) 

1995 Building Regulations  >53 none >52 none <61 
Quiet Homes standard 56 >50 >55 >50 <58 

 
Values in light steel frame dwellings (measured in italics) 

Oxford Brookes University 
demonstration building 

65 56 57 49 54 

Orr Square Church, Paisley 60.5 52.5 63 55.5 50.5 
Northampton Lane, Swansea 63 n/a 58.5 50 55 
Chequers Way, Enfield 60 49 53.5 46 57 
Bryncethin Road, Garnant 52 n/a n/a n/a n/a 
Dos Road, Newport  62 52 n/a n/a n/a 
Britannia Close, Hedge End 65.5 58 n/a n/a n/a 
Holiday Inn, Peterborough  59.5 51 52.5 46 47.5 
Terrapin test units 72 n/a 72 n/a 49 

 
CONCLUSIONS 
The thermal performance tests at six light steel frame constructions indicate: 
  

!" The light steel frame with warm frame detailing causes negligible cold bridging of the 
external fabric. 

!" Air movement within the thickness of the external wall may increase localised heat loss. 
!" The measured U-values compare well with the theoretical values. Light steel framing is 

shown to be able to achieve very low U-values, much better than current English 
Building Regulations requirements, or even current UK recommended good practice. 

!" Air pressure tests indicate typical air infiltration rates of about 7 air changes per hour at 
50 Pascals, which is about the current UK average for new dwellings.  

!" Some air leakage seems to be through the steel frame wall which needs better detailing. 
However much of the leakage is through poorely sealed openings and penetrations. 

 
The acoustic performance at nine light steel frame constructions indicate: 
  

!" The typical airborne sound insulation of light steel frame separating walls and floors is 
well above the current requirements of the English Building Regulations. 

!" The proposed new enhanced acoustic standards can be met using double stud light steel 
framing walls of the type which are usually specified between light steel framing 
dwellings. 

!" The proposed new enhanced acoustic standards floor airborne sound insulation (DnTw  + 
Ctr(100-5000) $ 50 dB) is more difficult to meet. However, a made up floor construction with 
a resilient layer beneath the floor finish and a plasterboard ceiling fixed using resilient 
bars can achieve the new standard. 

                                                 
1 SCI, 1999,  Thermal and Acoustic Performance of Floors and walls in light steel framing, Report RT757 to 
DETR, Steel Construction Institute 

















































































































ENVIRONMENTAL ASSESSMENT OF A HIGHSCHOOL
BY LIFE CYCLE SIMULATION

Bruno Peuportier
Centre d'Energétique, Ecole des Mines, 60 Bd St Michel, 75272 Paris Cedex 06, France

INTRODUCTION

Several regional authorities in France have
launched programmes to improve
environmental quality of high-schools. For
instance an architectural competition was
organised for the design of the “ Cité scolaire
internationale ” in Grenoble. The study
presented here concerns the evaluation of the
environmental impacts of one of the projects,
compared to a typical high-school in the same
region.

LIFE CYCLE SIMULATION

Various methods are proposed to evaluate the
environmental quality of buildings. We used the
life cycle assessment -LCA- method (ISO,
1997) because environmental quality is the
result of a global process integrating the whole
life of a complex system. Also, the
standardisation of LCA may allow future links
between evaluations concerning materials and
buildings.

This work has been done within the French
EQUER project (Evaluation of environmental
quality of buildings), gathering researchers and
professional partners (Polster et al., 1996).

A general framework for applying LCA in
buildings has been elaborated in the European
project REGENER (REGENER, 1997).

The different phases considered for a building
life cycle are: the fabrication of components,
the construction, the use of the building, the
renovation including the renewal of
components, the final dismantling and the
treatment after use of components. The possible
reuse and recycling of components is also taken
into account.

We consider here only the influence of
buildings on the outside environment. Inside
comfort and health issues are supposed to be
addressed by other tools. Therefore the
calculation of the inside air quality, illumination
and noise level as well as the thermal comfort
analysis are not dealt with in this article. They
are however implicitly taken into account in the
definition of the "functional unit".
The environmental impact of building
components or processes (e.g. energy use,
transport) can be evaluated on the basis of
inventories, i.e. tables indicating the quantity of
the used resources (e.g. rare materials, energy,
water), the emissions into air, water, ground
(e.g. CO2 into air, ammonia into water, metals
into ground), and the created waste (e.g. inert,
toxic, radioactive).

Data collected in the REGENER project, or
from the Oekoinventare data base (Frischknecht,
1995) has been used concerning the inventories
corresponding to the different processes
considered (energy, transportation,
manufacturing of building materials).

Interpretation of results is hardly possible using
such inventories. Hence, data is usually
aggregated on environmental themes in order to
present the final output under the form of an
environmental profile. The definition of the
profile considered here (cf. table 1) is partly
based on a classification method published by
CML (Heijungs, 1992). For some of the themes
(e.g. energy and water consumption) an
absolute value is calculated. On the other hand,
themes like global warming or acidification can
only be assessed by a potential, expressed as an
equivalent quantity of a reference substance
(e.g. kg CO2 for global warming). The list of
environmental themes and aggregation methods
is still in evolution.



Table 1: Environmental themes considered
environmental
theme

PROFILE

NAME

unit

energy consumption ENERGY MJ
water consumption WATER m3
depletion of abiotic
resources

RESOURCES 10-9, used
resources /
known resources

waste creation WASTE tons
radioactive waste RAD-WASTE dm3
global warming GWP100 ton CO2 eq.

depletion of the
ozone layer

ODP kg CFC-11
equivalent

acidification ACIDIFICA-
TION

kg SO2 eq.

eutrophication EUTROPHI-
CATION. kg PO4

3-
 eq.

aquatic ecotoxicity ECOTOX-W m3 of polluted
water

human toxicity HUMAN-
TOX

Kg, human
weight

photochemical
oxidant formation

O3-SMOG kg C2H4 eq.

malodorous air ODOUR m3 of
contaminated air

LIMITS OF THE APPROACH

There are still many uncertainties and limits to
the present state of the art of LCA. The
uncertainties concern both the data (inventories)
and indicators : for instance, the global
warming potential (GWP) of other gases than
CO2 is known with 35% uncertainty (IPCC,
1994). Indicators related to human or eco-
toxicity are doubtful because the location of the
emissions is not considered : air pollution inside
buildings might have a much larger effect than
diluted external emissions. Also, the processes
occurring at the end of the building life cycle
are difficult to foresee, particularly because
buildings are generally long lasting (though it
may be assumed that mixing materials -concrete
with polystyrene or wood for instance- will
make the future waste management more
difficult). Variation of the physical properties of
materials in time are not considered (e.g.
thermal conductivity of insulation materials).
Accidental risk analysis is not included as we
assumed that this topic is accounted for in
safety and work legislation. Esthetical aspects
are neither included.

Some intercode comparisons have been
performed in order to increase the confidence in
the tool. A workshop has been organised by the
French Ministry of Dwelling, in which 4 tools
have been compared in the case of a single
family house : TEAM (ECOBILAN), ESCALE
(CSTB), PAPOOSE (TRIBU) and EQUER.
Another exercise has been performed in the
frame of the International Energy Agency
(programme : Energy conservation in Buildings
and communities, Annex 31). Numerous tools
have been compared, also in the case of a single
family house : ECOPRO (IFIB, Germany),
ECOQUANTUM (IVAM, The Netherlands),
EQUER (ARMINES et al., France), OPTIMIZE
(Canada), SBI-tool (SBI, Denmark), BEE
(Finland), BRI-LCA (Japan), BEES (USA), etc.

CASE STUDY : CITE SCOLAIRE
INTERNATIONALE, GRENOBLE (France)

To illustrate the approach, we present hereunder
an application in the case of a high-school
project in Grenoble (French Alps). The general
shape of the building is a set of 4 buildings
around 3 patios, cf. figure 1.

Figure 1: Plan of the studied project, Cité Scolaire
Internationale, Grenoble (Groupe 6 Architectes)

The glazed areas (standard double glazing) are
mainly facing south and south west, the
aperture is reduced on the north east facade.
This project, called "Grenoble" in Fig. 2, has
been compared to a typical high-school in the
same region, constituting a reference. In a first
phase, identical materials and components are
considered for the two buildings : the aim is to



perform a comparison only on architectural
aspects. Mainly due to a higher solar aperture,
the heating load (64 kWh/m2/year) is lower by
25% compared to the reference value (84
kWh/m2/year).

In a second phase, the reference insulation has
been replaced by the material selected in the
project (mineral wool instead of polystyrene)
and the thicknesses were adapted. We also
defined a "best practice reference" called
"Grenoble QE+", by replacing standard by low
emissivity double glazing, integrating wood
panels on the north facade and preheating the
ventilation air in a heat exchanger. The
comparative ecoprofile is given in the next
diagramme. To each axis corresponds an
environmental theme (cf table 1), and the
impacts of alternatives are represented in
relative value : e.g. compared to the reference,
the GWP is reduced by 30% in "GrenobleQE+".

Figure 2: Example comparative ecoprofile

A ranking similar to the energy labelling of
domestic appliances has been derived : for each
environmental theme. The A class corresponds
to the highest performance (+80 to 100%
compared to the reference, 100% being the best
pratcice) and G class to a low performance (-20
to -40% compared to the reference). The
evaluation of the studied project is given below.

Figure 3 : Environmental profile of Cité
Scolaire Internationale, Grenoble

The functional unit being one m2 of high-
school, the studied project could be rated as a D
class.

CONCLUSIONS

The main limits of the present knowledge
concern the environmental data on material
fabrication, the environmental indicators, the
durability of the materials and possible
variation of their performances, the processes
which will occur in a far future (renovation,
demolition in e.g. 100 years). Despite of these
questions, some trends can be identified and
sensitivity studies provide information on the
most important parameters. The overall
conclusion is a confirmation of the relevance of
energy efficiency and use of solar gains in
buildings, assuming attention is paid to summer
comfort.
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INTRODUCTION 

Environmental issues are increasing and various programs and tools are being developed to assist 
architectural community. In this decade, some environmental assessment methods for building have already 
been developed and used in practice in Europe and North America. On the other hand, there is no 
comprehensive building assessment method and no development of assessment method in Japan. 
 The purpose of this study is to determine how Japanese building designers and engineers think about 
assessment criteria of BREEAM, BEPAC and GBTool and how to modify the weighting value of 
assessment criteria to suite the Japanese context. The questionnaire survey was done in several Japanese 
building design firms to decide appropriate weighting values. And also the energy conservation building was 
assessed. The modified weighting value was used. Although the main criteria in BREEAM and BEPAC are 
assessed individually, in this study the weighting value of main criteria were decided according to the 
questionnaire survey and main criteria were compared each other like GBTool. According to this survey, 
Japanese designers and engineers think that the assessment criteria like “Global issue and resources”, 
“Environmental impact of energy use “ and “ Environmental loading” are important, so these criteria will be 
introduced easily into Japan and should be included in assessment method. 
 
QUESTIONNAIRE SURVEY ON WEIGHTING VALUE 
  In this paper, the weighting value of assessment criteria 
of BREEAM, BEPAC and GBTool are decided based on  
the questionnaire survey in Japan. The180 Japanese 
building engineers of design firms, constructor companies 
and utility companies replied to questionnaires for 
BREEAM and BEPAC. The 20 people replied to the  
questionnaires for GBTool.  

Although the issues of BREEAM and the assessment 
topic of BEPAC are assessed individually, in this paper  
the weighting value of the issue level and topic level are  
decided to compare with each other as GBTool. The results 
of questionnaire are shown in Table1, Table2, Table3.  
The total amount of weighting value are decided to be 1.0 
in each issue of BREEAM, in each topic of BEPAC and  
in each performance area of GBTool. The weightings of  
detail level criteria are also decided to be 1.0.   
 The weighting value of “Global Issues” of BREEAM is  
0.4, “Environment Impact” of BEPAC is 0.3 and  
“Environmental Loadings” of GBTool is 0.24. These are 
highly weighted than the other criteria. CO2 emission,  
Ozone depletion are also highly weighted. On the other hand, the weighting value of “Site and 
Transportation”, “Longevity” and “Process” are low weighted. It shows that the Japanese building engineers 
don’t consider these issues today so much . 

Table1. Assessment Issues and criteria of BREEAM 
And surveyed weighting value for existing offices 

Issues, Criteria  BREEAM 
Credits 

Surveyed 
Weighting 
Values 

Global Issues and use of resources 
 
•Global warming:carbon dioxide emissions 
•Acid rain: oxides of nitrogen 
•Ozone depletion: CFCx, HCFCs and halons 
•Recycling of materials 

 
 
12 
 1 
 5 
 1 
 

(0.40) 
 
0.60 
0.10 
0.20 
0.10 
 

Local Issues 
 
•Water conservation 
•Legionnaires' disease arising from wet cooling towers 
•Transport 
 

 
 
 2 
 1 
 2 

(0.30) 
 
0.40 
0.20 
0.40 

Indoor Issues 
 
•Lighting  
•Air quality 
•Hazardous materials 
•Radon 
•Indoor noise  
•Legionnaires' disease arising from domestic  

hot water system 

 
 
 1 
 3 
 2 
 1 
 1 
 1 

(0.30) 
 
0.20 
0.30 
0.20 
0.10 
0.10 
0.10 

(  ) is weighting value of issue level 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
CASE STUDY 
 Case study building 

The energy conservation building in Japan was 
assessed by BREEAM, BEPAC and GBTool as  
case study. The case study building was designed  
to be one of the best energy saving office building 
and constructed in suburb of Tokyo in1982.  
This building has 98 energy -conservation  
techniques. The main conservation techniques are 
Solar Heating and Cooling, Double Skin, Thermal  
Storage Tank, Ductless Ceiling, Underground  
Duct, Solar energy storage in underground soil,  
Task and Ambient Lighting, Daylight Utilization 
and Solar cell.   
                   
Assessment Results 
 Assessment results of the case study building by BREEAM, BEPAC and GBTool are shown in Table4. 

Table2  Assessment Topic and Criteria of BEPAC  
and surveyed weighting value 

Assessment Topic, Criteria BEPAC 
Weighting 
Value 

Surveyed 
Weighting 
Value 

Ozone Layer Protection 
 
•Ozone Layer Depleting Substance Inventory 
•System Design and Installation Standards 
•Provision for future Retrofit to Non-Ozone Layer 

Depleting Equipment 
 

 
 
0.60 
0.20 
0.20 
 
 

(0.20) 
 
0.50 
0.20 
0.30 
 
 

Environmental Impact of Energy Use 
 
•Annual Greenhouse Gas Emissions Avoidance 
•Annual Regional Air Pollution Avoidance 
•Annual Electrical Energy Conservation 
•Peak Electirical Demand Reduction  
•Building Envelop Design  
•HVAC Systems 
•HVAC Equipment 
•Energy Management Control Systems 
•Lighting & Electrical Systems 
•Service Hot Water Systems  
 

 
 
0.35 
0.10 
0.15 
0.10 
0.10 
0.05 
0.02 
0.02 
0.10 
0.01 
 

(0.30) 
 
0.30 
0.10 
0.20 
0.10 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
 

Indoor Environmental Quality 
 
•Indoor Air Quality 
•Lighting Quality 
•Acoustic Control 
 

 
 
 
 
 

(0.25) 
 
0.40 
0.40 
0.20 
 

Resource Conservation 
 
•Preservation of Building and Landscape 
•Reduced Environment Impact of Materials 
•Wood Conservation 
•Site Water Control 
•Building Water Conservation 
•Waste Recycling Facilities 
 

 
 
0.2 
0.2 
0.10 
0.15 
0.15 
0.20 
 

(0.20) 
 
0.20 
0.20 
0.10 
0.20 
0.10 
0.20 
 

Site and Transportation 
 
•Site Use 
•Building Design and Transportation 

 
 
0.5 
0.5 

(0.05) 
 
0.50 
0.50 
 

(  )is weighting value of assessment topic level 

Table 3  Assessment Area and Category of GBTool  
and surveyed weighting value 

Performance Area , Category Average Value of 
14 countries 

Surveyed 
Weighting  
Value 

Resource Consumption 
 
R1 Energy 
R2 Land 
R3 Water  
R4 Materials 
 

(0.22) 
 
0.39 
0.19 
0.21 
0.22 

(0.21) 
 
0.47 
0.10 
0.27 
0.17 

Environmental Loadings 
 
E1 Airborne Emissions 
E2 Solid Waste 
E3 Liquid Waste 
E4 Other Loadings 
 

(0.2) 
 
0.36 
0.22 
0.22 
0.2 
 

(0.24) 
 
0.42 
0.24 
0.24 
0.10 
 

Quality of Indoor Environment 
 
Q1 Air Quality 
Q2 Thermal Quality 
Q3 Visual Quality 
Q4 Noise and Acoustics 
Q5 Controllability of Systems 
 

(0.19) 
 
0.28 
0.2 
0.16 
0.18 
0.17 
 

(0.19) 
 
0.23 
0.28 
0.18 
0.13 
0.18 
 

Longevity 
 
L1 Adaptability 
L2 Maintenance of Performance 
 

(0.16) 
 
0.46 
0.54 
 

(0.17) 
 
0.45 
0.58 

Process 
 
P1 Design and Construction Process 
P2 Building Operations Planning 
 

(0.11) 
 
0.51 
0.49 
 

(0.10) 
 
0.42 
0.58 

Contextual Factors 
 
C1 Location and Transportation  
C2 Loadings on Immediate Surroundings 

(0.11) 
 
0.5 
0.5 

(0.09) 
 
0.42 
0.58 

  (  )is weighting value of performance area level 

Fig.1 Summary of the case study building 

 



Table 4  Assessment result of case study building  
 Surveyed Weighting 

Value 
Score of criteria 
level 

Weighted Score  

BREEAM  
Global Issues and Resources 
Local Issues 
Indoor Issues 
 

0.40 
0.30 
0.30 

94 
73.3 
76.7 

37.6 
22 
23 
 

Total 1.00  82.6 
BEPAC 
Ozone Layer Protection 
Env. Impact of Energy Use 
Indoor Environmental Quality 
Resource Conservation 
Site and Transportation 
  

0.20 
0.30 
0.25 
0.20 
0.05 

75 
97.7 
65.6 
41 
86 
 

15.0 
29.3 
16.4 
8.2 
4.3 
 

Total 1.00  73.2 
GBTool 
Resource Consumption 
Environmental Loadings 
Quality of Indoor Environment 
Longevity 
Process 
Contextual Factors 

0.21 
0.24 
0.19 
0.17 
0.10 
0.09 

67 
47.8 
49.6 
15.4 
36 
33.8 
 

14.1 
11.5 
9.4 
2.6 
3.6 
3.0 
 

Total 1.00 - 44.2 
 
The final score are obtained by using weighting value and full score is modified to be 100. The final score of the case study is 
82.6 by BREEAM, 73.2 by BEPAC and 44.2 by GBTool. The final score of GBTool is different from the score of BREEAM 
and BEPAC because the different benchmarks and standard were used at assessment process and GBTool includes new and 
various assessment criteria which were not considered at the design stage of the case study building, 16 years ago.  
 The user and designer of the case study building commented that the assessment result is similar to their impression of the 
case study building.  
     
CONCLUSION 

The weighting value of assessment criteria of BREEAM, BEPAC and GBTool were decided based on the 
questionnaire survey to Japanese building engineers. They think that the assessment criteria like “Global 
issue and resources”, “Environmental impact of energy use “ and “ Environmental loading” are important, so 
these criteria will be introduced easily into Japan and should be included in assessment method. 

It is important to establish appropriate benchmarks and calculation methods for assessment tool in Japan. 
And it is also needed to ensure the objectivity and validity of the assessment process.  
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INTRODUCTION
As experience with Environmental
Performance Methods grows, it is
becoming clear that different
implementation strategies may be required
in different countries. The purpose of this
paper is to report on a comparative study of
the history of implementation of EPA in
three countries, the UK, the Netherlands,
and the US. The study has attempted to
identify the objectives of each method, the
specific constraints under which it was
implemented and the stakeholders and
decision makers involved in its
implementation. We have attempted to
relate the implementation route to
prevailing political and regulatory
structures, to stakeholder objectives, and to
the wider structure of the construction
industry in each country, and to explore the
relationship between these external factors
and the structure and methodology of each
EPA method. The case studies have been
chosen to span a wide a range in these
variables.

UK - BREEAM
The first version of BREEAM was
developed by the BRE in collaboration with
ECD Partnership in 1990. BREEAM 1/90
led to a family of versions, covering
existing offices, superstores and
supermarkets and new homes. These have
been updated periodically over throughout
the 1990s.

Development of BREEAM has been
funded by a combination of public and

private bodies. The main goal of BREEAM
1/90 and subsequent versions has been to
provide a tool to stimulate market demand
for green buildings by providing
transparent and credible information on
environmental performance. Such
information was rarely available for
buildings designed before 1990 – indeed in
many areas, BREEAM 1/90 was the first
attempt to formulate a system of categories
for environmental information. The
BREEAM initiative was also an effective
response to the political situation in the UK
in the late 80s and early 90s. The general
election of 1979 had brought about a
profound change in the political climate.
While an initial determination to dispense
with building regulation completely was
quickly softened, the government remained
sceptical on the merits of regulation. For
many years official energy policy was that
there was no energy policy beyond
ensuring that free markets were able to do
their job as effectively as possible (DEn
1982).

Patterns of use reflect this approach. A
survey of corporate BREEAM users in
1996 indicated that in most cases the
method was applied with the aim of
achieving direct corporate benefits –
improved working environment, marketing
advantages, lower running costs etc.

BREEAM has been most successful in the
commercial building sector. BRE estimates
that 25-30% of new office accommodation
constructed since 1990 has received a



rating using the method. Much smaller
fractions of dwellings and existing
commercial buildings have been rated.
Extension of EPA into these sectors is the
greatest challenge now facing BREEAM.

NL - Eco-Quantum
The development of Eco-Quantum started 5
years ago. The four year development was
mainly funded by the Stichting
Bouwresearch, SEV (Steering Committee
for Experiments in Public Housing) and
VROM (the Ministry of Housing, Planning
and Environment). The programme was
developed by IVAM Environmental
Research, W/E Consultants, DuBo
(Foundation for Sustainable Building) and
Prisman.

The initiative was, in part, a response to
frequent public discussions and legal
battles between industry, organisations
such as SEV and local governments over
the environmental performance of building
products. Local governments had and
applied their own assessment instruments,
which were not standardised. Suppliers of
building products in the Netherlands found
this diversity difficult.

The main goal of Eco-Quantum was to
provide various actors in the building
industry with one standard language to
exchange information about the
environmental effects of buildings. At the
beginning there were serious doubts among
building industry organisations that it was
possible to develop a method to determine
the environmental effects of a whole
building based on a detailed LCA. Lack of
data and variations in methods used by
various institutes were reasons for these
doubts.

The first prototype of the Eco-Quantum
Residential computer program was finished
in 1997 and has been extensively tested by
architects, local governments and the
building industry. On the basis of an
evaluation of this test, the programme was
adjusted to the practical needs of the

potential users (Kortman et al. 1997).
Attention was paid to the balance between
the need for a quick, practical instrument
and for a rigorous method giving reliable
and robust results. The program was
launched on the market in November 1999.

Two developments are important for Eco-
Quantum. Firstly, 3 years ago, NVTB (the
Dutch Confederation of Building Materials
Suppliers) initiated the extensive MRPI
(Environment-relevant Product
Information) project to collect LCA data
for building products through about 20
branch organisations in the Netherlands.
This year the LCA methods for Eco-
Quantum and MRPI have been harmonised
in order to stimulate the exchange of data,
and the incorporation of verified LCA data
from industry into Eco-Quantum. Secondly,
the Dutch Government has initiated the
MMG (Material-related Environmental
profile of Buildings) project. This is aimed
at the development of a standardised
assessment method to determine the
material related environmental impacts of a
building. The idea is to introduce a
requirement for an MMG assessment into
the Dutch Building Regulations (Scholten
et al. forthcoming).

Factors affecting the widespread
application of Eco-Quantum are:
• the successful development of MMG by

the Dutch Government and Standards
Institution, and its successful
incorporation into the Dutch Building
Regulations

• the motivation of local governments to
substitute earlier instruments by Eco-
Quantum in advance of a regulatory
requirement.

US – LEED
In recent years, a number of EPA systems
have emerged in the US. Of these, we have
examined one, LEED. This has been
developed by the US Green Building
Council, an umbrella organisation set up in
1993. Financial support has been received
from industry and from federal agencies



such as DOE and the Environmental
Protection Agency. LEED is voluntary and
market-driven. Assessments are through a
self-assessed checklist, based on notions of
good practice, implemented wherever
possible through existing codes and
standards.

The origins and style of LEED are similar
to those of BREEAM, though subsequent
development and content differ. LEED 2.0
was launched in March 2000. Factors that
are likely to affect the uptake of LEED
include the adoption by Navy and State
Departments of policies requiring the
greening of their building stocks, state and
municipal initiatives requiring energy and
environmental rating of new buildings, and
the movement toward corporate
accountability, including environmental
accountability by business.

COMPARISONS
There is a clear difference in the origins of
Eco-Quantum and the other systems, which
reflects the polarity between the strong
social democratic tradition of the
Netherlands and the overtly free market
philosophy of the US and the UK. In
Holland, impetus and funding for
development of Eco-Quantum came from
the Dutch Government and two national
institutions – SEV & SBR – and the
proposal to incorporate the method into the
Building Regulations is likely to ensure the
universal adoption of the method for
housing in the near future. In the UK (not
withstanding the part played by BRE) and
in the US, the private sector has been
dominant in the initiation and development
of EPA, and there is no prospect of either
country incorporating EPA into national
regulatory systems.

This is however not the whole story. In the
UK, a range of strategic initiatives are
likely to act indirectly to expand the role
for EPA in the future. These include the
Climate Change Levy and the introduction
of enhanced capital allowances on energy
efficient products and technologies. The

on-going review of Part L of the Building
Regulations may also lever additional
interest in EPA by raising requiring regular
reporting of energy use in commercial
buildings. The resulting penalties, even if
procedural rather than financial, are likely
to increase market demand for energy
efficiency and environmental performance
in new and existing buildings.

An important factor in both the US and
Holland has been the existence of powerful
political structures below the level of
national government – municipalities
(gemeente) and, in the US, state
governments and federal agencies. These
decentralised structures have made it
possible to introduce a wide range of EPA
(and other tools) locally (Johnston 1998).
While this complexity and competition can
impede has impeded the uptake of Eco-
Quantum in Holland, it has also allowed the
gradual familiarisation of both the Dutch
and US populations with the concept of
environmental performance rating, and has
allowed a range of approaches to be
developed and evaluated in parallel. In the
UK, where local government is essentially
powerless, the development of EPA has
been more centralised than in either the US
or Holland, This situation may however
change with the introduction of devolved
government for Wales and Scotland.

Market size is an over-riding property of
the US. Within their own sphere of
operations, agencies like the US
Department of Defence can regulate as
effectively and intrusively as any European
social democracy, and often at a larger
scale.

CONCLUSIONS
This study set to explore the relationship
between the nature and structure of
societies and governments – the ecology of
EPA methods – and the detail of their
development and implementation. It
became clear from a detailed examination
of systems in the UK, Netherlands and US
that these relationships are complex and



sometimes counter-intuitive. It appears
likely that they do affect both the
methodology and objectives of methods -
though methodologies may also converge.
External leverage mechanisms are
important in all three countries, and in
some sectors may be crucial to the uptake
of EPA. However, the nature of these
mechanisms differs widely between the
three countries studied.
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CRITICAL REVIEW OF ENVIRONMENTAL ASSESSMENT OF BUILDING MATERIALS
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INTRODUCTION
Many interests and issues compete for
professional building designers’ attention and
priorities. Indoor air quality and “sustainable
design” have been increasingly among these
interests in recent years. While neither has yet
gained widespread acceptance or general use
in the building design professions, both are
now being used more frequently in the United
States and certain parts of Europe. The tools
available to designers include several directly
using or derived from life cycle assessment
(LCA) software and concept approaches.

Many diverse methods are available for
assessment of the environmental performance
of building materials and products. These
methods are distinct from those used to
evaluate whole building environmental
performance or energy consumption. Product
manufacturers, governments, building design
professionals. and other decision makers are
relying increasingly on such product
assessments in making important decisions.
Most of these assessments are dominated by
analyses of embodied environmental impacts
and fail adequately to address in-use
performance. This is partly due to the
complexity of the interactions among
building components and between buildings
and the environment during the use phase. A
review of the most prominent of these
methods shows them to be highly diverse in
their focus, approaches, and intended uses.

Major shortcomings are the lack of
comprehensiveness and the failure adequately
to treat uncertainties. Methodological issues
that should be addressed include integrating
data uncertainty into decision analysis, rating
the relative importance of various
environmental impacts, and integration of
indoor air quality, building energy
performance, and life cycle assessment. Tools

are needed that are focused on specific
intended audiences and applications.

NEED FOR TOTAL LIFE CYCLE
PERFORMANCE ASSESSMENT
While many LCA’s have been performed on
building materials, few have been extended
over the whole product or material life cycle
including the use phase. Among the most
important but frequently neglected aspects of
the use phase are 1) the operational energy
implications of using one product rather than
another and 2) the chemical or other product
and process requirements for the
maintenance, cleaning, repair, refinishing,
and finally the removal and replacement of
products at the end of their service lives.

Analysis or comparison of products that do
not take into account the use phase will
ignore energy consumption that may be many
times that involved in the production,
installation, and end-of-life disposition of a
product or material. The longer the building
life, the more important the use phase
environmental costs and the less important
the embodied environmental costs.

NEED FOR PRODUCT SPECIFIC
ENVIRONMENTAL ASSESSMENTS
The practice of conducting LCAs on product
categories ignores the large differences that
can exist among products in a given category.
However, designers and other decision-
makers must compare and finally select
specific products rather than product
categories. Therefore, data on specific
products and processes rather than generic
product or process types are essential to
increasing the relevance and applicability of
product environmental assessments. There
will usually be a range of product
performance within a product category.



For example, when comparing two products
from a single category, e.g., floor coverings,
it is quite possible that the worst product in
the best category performs worse
environmentally than the best product in a
less-highly rated category. Thus, by simply
assessing product categories, the information
provided by LCAs and other environmental
assessment methods may mislead decision-
makers and result in poorer environmental
decisions.

Need for product specific data
One of the primary reasons environmental
assessments are done on product categories
rather than on specific products is that data are
difficult to obtain on specific products. By
including a whole industry, the variations in
actual data versus reported data can be easily
ignored. Manufacturers assert product
proprietary information as an excuse for not
divulging details of the materials and
processes involved in production of their
products. But the use of industry averages or
aggregates can be very misleading when there
are large differences among products.

Products vary over time. Feedstocks for
chemical products can change from batch to
batch where manufacturers change suppliers
for cost or quality control reasons. Processes
can vary from one factory to another within a
company. In the U.S., one major composite
wood product manufacturer standardizes its
operations in all its plants while another does
not. Even so, the products are labelled
identically from the later company so that the
purchaser does not know what materials
actually went into the product or where it was
produced. Different species of wood used in
particle board results in different VOC
emission characteristics, an important
consideration in total life cycle assessment of
product environmental performance.

LCAs that have been done on building
materials have either ignored indoor air quality
(IAQ) or have actually stated that integration
of IAQ into LCA practice is either impractical

or infeasible . Their assertion hinges around
their perception of the relative availability of
data and the complexity of its analysis for
general environmental impacts and for IAQ
impacts . Generally LCA practitioners lack
awareness of the methods and practices
available to evaluate or compare products’
IAQ performance. This issue is addressed and
methods for integrating IAQ into LCA
practice are presented in a separate paper
submitted for presentation at Sustainable
Buildings 2000.

Selection of Building Materials is Product
Specific.
Many materials require periodic surface
treatments and cleaning in order to perform
well. For example, many non-textile flooring
products require lacquer and wax applications
to protect their material surface and improve
their appearance. The total life cycle
emissions from such products can easily
exceed those from the material to which they
are applied. Therefore, emissions from
products routinely used with a given material
should be included in analysis of Life Cycle
IAQ. They should also be used in building
material selection processes based solely on
IAQ. So-called “green” paints that are not
easily cleanable result in more frequent
painting and, therefore, potentially larger
emissions over the life cycle.

NEED FOR INCLUSION OF
UNCERTAINTY
The uncertainty in environmental assessment
of building materials and products can be
quite large. Many LCA’s ignore this
uncertainty. In fact, it is not uncommon to see
impacts reported with three, four, or even five
significant digits. In fact, variations in data
reliability and accuracy suggest that two
significant digits is often the best accuracy
that can be obtained. Yet the precision of the
reported values misleads the user into
believing that there is appropriate accuracy to
justify the precision. On the contrary, plus
and minus value calculations or estimates



ought to be included in order to convey more
correctly the accuracy of the reported data.

Furthermore, data uncertainty can result in
incorrect or inappropriate decisions. Where
some factors or indices of environmental
performance are well-characterized and
others are less-well characterized, decisions
should not be based on the less reliable data.
By explicitly identifying the data uncertainty,
appropriate emphasis can be placed on the
more certain data. Decisions should be
avoided on the basis of uncertain data where
the differences among products or materials is
small based on the more certain data.

NEED FOR INTEGRATED DESIGN
AND OTHER DECISION TOOLS

Designers and other product specifiers are not
likely to perform LCAs on products if they
must enter extensive data on their building in
order to understand the implications of
selecting one product or another. The most
likely scenario is that LCA-based analyses
will be transparently and seamlessly
integrated into computer aided drafting and
design (CADD) software so that data are
automatically available to the program for the
analysis. If designers can simply do what they
are used to doing and be given data and other
feedback on the environmental implications
of the choices they make, they are far more
likely to consider environmental
consequences of selecting one or another
product or material.

DISCUSSION

There are many shortcomings of the
environmental analyses available to date on
building materials and products. Yet there is a
large demand for information in order to
make “environmentally-correct” decisions. It
is important to improve the methods and
processes for evaluating building materials
and products so that decision-makers do not
draw inappropriate conclusions and select

products without more reliable environmental
impact assessment.

CONCLUSION

When more accurate, reliable, and easier-to-
use environmental assessments are available,
they will enhance designers’ and other
decision-makers’ abilities to make sounder
environmental decisions. Meanwhile, we must
work to improve the accuracy, reliability, and
transparency of environmental data on
building materials by acquiring product
specific data, including uncertainty in the
analyses, and reporting the results with proper
characterization of the inherent uncertainties.
Furthermore, there is a need for integration of
the environmental costs of the use phase of a
product or material’s life cycle including
energy and indoor air quality performance. In
the future, integration into design
professionals’ normal software of
environmental analysis tools for comparing
building materials and products will facilitate
the more widespread acceptance and use of
the data produced by environmental analyses
such as life cycle assessments.





























ECOEFFECT – A HOLISTIC TOOL TO MEASURE ENVIRONMENTAL IMPACT OF
BUILDING PROPERTIES

Arch, D. Eng. Mauritz Glaumann, (glaumann@arch.kth.se)
KTH Infrastructure and Planning

Built Environment Analysis
SE – 100 44 Stockholm

INTRODUCTION
EcoEffect (ref. 1) is a method to calculate and
assess the long-term environmental effects
caused by the use of a real estate. It is devel-
oped for managers, consultants and contrac-
tors who need information about the envi-
ronmental impacts associated with the built
environment. Energy use, Materials use, In-
door environment, Outdoor environment and
Life cycle costs are treated individually in the
analysis. The assessment is based on life cy-
cle analysis (LCA) for use of energy and ma-
terials and on criteria for indoor and outdoor
environment. The result is presented as an
environmental profile for each area with bars
showing potential environmental effects for
different impact categories. A possibility to
aggregate this information into a few envi-
ronmental load numbers for each area is of-
fered to simplify a comparison between ele-
ments, buildings or estates. For use of energy
and materials load numbers for emissions,
waste and natural resource depletion can be
calculated and for indoor and outdoor envi-
ronment the load numbers that may be calcu-
lated represents ill health, discomfort, biodi-
versity and biological productivity.

PRESENTATION
Impact on the exterior environment
In EcoEffect the environmental impacts out-
side an estate caused by erecting, use and de-
molishing constructions on the estate has been
called impact on the “exterior environment”.
The methodology and effect categories are to
a considerable extent taken from the Danish
LCA methodology, EDIP (ref. 2), fig 1.

The impact scale expresses the relative impact
of an average user of the estate in relation to
the average impact per capita in the country.
Since this normalisation brings all the effects

into the same unit, if weighted with respect to
their relative importance, they can be added.
The weighting process used is inspired by the
Analytic Hierarchy Process, AHP (ref. 3) and
Green Building Challenge (ref. 4). The impact
categories are compared pairwise with respect
to one weighting aspect at the time. Extent,
Intensity and Reversibility have been chosen
as weighting aspects.

Figure 1. Environmental profile showing the
relative effects caused by use of energy and
materials. The same kind of profile can be
calculated for building parts, elements and
buildings.

Impact on the interior environment
The environmental state and the potential im-
pacts occurring within the estate has been
called impacts on the “interior environment”.
It covers comfort and health for people stay-
ing indoors and out of doors at the estate and
the actual and potential state of biological life
at the estate. The assessment is based on crite-
ria giving scores between 0 and 3, where 0
means good conditions or low risk for impact
and 3 means poor conditions or high risk for
potential impact.

The assessment of indoor conditions in exist-
ing buildings is mainly based on a question-
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naire to the users that has been applied to
more than 10.000 dwellings in Stockholm
(ref. 5, 6). Results from a building compared
with the expected ones based on statistics give
the scores of the indoor profile, fig 2. As-
sessment of future indoor conditions, i.e. an
assessment made at the planning stage, is
based on the target level chosen by the client
and an evaluation of performance made from
drawings and documents. This part of the
method is still under development.

Figure 2. The indoor assessment profile cov-
ers 7 health effects and 2 comfort aspects.

The impact on health and comfort for people
staying out of doors is assessed from the
physical conditions of the surroundings, like
distance to noise and pollution sources, expo-
sure for high winds speeds etc., fig.3. The
second impact group, biodiversity, is assessed
from factors like access to free water surfaces,
large trees, soil conditions etc.

Figure 3. The outdoor assessment profile cov-
ers human health and comfort for people
staying out of doors at the estate and eco-
systems and eco-cycling.

The last impact group, ecocycling, gives
credit to waste separation, composting and
storm water infiltration at the site. This group
represents actually a part of the mass flows
cross the estate and will in the next version of
EcoEffect be judged by its effects on the exte-
rior environment. An exploratory study on
how to calculate effects of stormwater is pre-
sented at this conference (ref 7).

The question of extra costs related to envi-
ronmental improvements is always brought
up. EcoEffect calculates the life cycle costs
for issues, which give impacts on the exterior
environment like energy, water and waste
costs, materials costs, etc. The aggregated life
cycle cost is shown for two standard scenar-
ios. The first scenario is a steady state devel-
opment, i.e. the cost relations in the society
are constant. The second scenario shows an
increased cost for energy, waste etc by 3% per
year compared to other costs, fig. 4. A prob-
able future is believed to lie in between these
two examples.

Figure 4. A possible prospect for an environ-
mental investment that means lower running
cost. If there will be no future increase in en-
vironmental related costs no action is needed.
However, if the environmental costs will ex-
ceed the general inflation it is very advanta-
geous to make this investment. In the latter
case a future cost increase means less since
the running costs are lower.

FUTURE WORK
The structure and the main contents of EcoEf-
fect are settled. A beta-version of the EcoEf-
fect-computer program has been developed in
Microsoft Access. The layout of the program
makes it easy to scroll between input data and
different levels of detailed and aggregated
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information to find the reasons for any result.
The suggested weights are default values that
are easy to change.

New funding has been allocated from The
Swedish Council for Building Research and
the building sector to develop specific EcoEf-
fect application tools for environmental man-
agement of buildings and design of buildings.
The recent database will be complemented
and checked for accuracy.

CONCLUSIONS
So far EcoEffect has only been tested on a
few buildings. During the period of develop-
ment the interest for environmental manage-
ment of buildings and application of LCA
based tools for choice of materials and energy
sources has grown considerably. EcoEffect
meet these needs and we will in the next stage
develop practical tools for estate managers
and building designers based on it.
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What is BREEAM?
BREEAM (BRE Environmental Assessment Method) was the first
commercially available environmental assessment tool for buildings
and has been the benchmark for methods for assessing the
environmental aspects of sustainability of buildings since the first
version for offices was launched in 1990.

Why do we need BREEAM?
BREEAM provides the opportunity to benchmark the performance 
of all new and existing buildings using proven and effective, self
financing methodologies.

In order to make progress towards sustainable development, a
practical, easy to understand measure of sustainable construction 
is of paramount importance. The urgency of the need to address
buildings should not be underestimated. In the UK, buildings are
responsible for almost half of all carbon dioxide emissions as a result
of their energy use, the construction industry consumes 6 tonnes of
material per person per annum and creates 30–40% of annual
waste, and a typical UK citizen spends approximately 90% of each
day indoors, and is therefore potentially at risk from any hazardous
materials within the fabric of the building.

How does BREEAM work?
BREEAM has been developed to provide a simple, cost-effective way
of evaluating and improving the environmental performance of
buildings. It brings real benefits for Developers, Designers, Landlords,
Facilities Managers, and the environment as indicated by the
continual and growing use of the method.

BREEAM covers the following areas of environmental impact:

Issue Description
Management Overall policy, commissioning and 

procedural issues

Energy Use Operational energy and CO2 issues

Health and Indoor and external issues affecting health
Well Being and well being

Pollution Air and water pollution 

Transport Transport related CO2 and location 
related factors

Land Use Greenfield and brownfield sites 

Ecology Ecological value of the site

Materials Environmental implication of building materials

Water Consumption and water efficiency 

For each of the categories set out above, the building is assessed
against performance criteria set by BRE and awarded “credits” based
on the level of performance against each criteria. The percentage 
of credits achieved under each category is then calculated and
environmental weightings are applied to produce an overall score 
for the building. The overall score is then translated into a 
BREEAM rating of:

PASS

GOOD

VERY GOOD

or

EXCELLENT 

The BREEAM rating achieved will be presented on the BREEAM
Certificate, which can be used to verify and promote the
environmental credentials of an organisation.

How can BREEAM be used?
To date, over 500 buildings have officially been BREEAMed. Many
more are in the process of being BREEAMed, and BREEAM versions
have already been developed for Canada, Hong Kong, New Zealand
and a BREEAM derivative scheme in Norway.

Types of buildings that are covered at present are Offices 
(new and existing), Homes, Superstores and Industrial Units.

Market surveys have shown that the perceived client benefits 
of BREEAM include environmental, benchmarking, productivity,
marketing and health and well being. It is essential for BREEAM to
stay in tune with client wishes and market forces as well as technical
development aspects.

BREEAM 98 for offices
Diagram showing the relationship between the current areas and building types 
and areas under development

Construction 
Issues 
(under 

development)

Design & 
Procurement 

Issues

Core 
Performance 

Issues

Management 
& Operation 

Issues

New build and refurbishment

Existing and occupied

Existing vacant

Latest developments and the future of BREEAM

In order to distinguish itself from other systems currently available,
BREEAM must continue to be developed, reviewed and updated to
ensure that it takes into account the latest research, technological
developments and legislation. The version of BREEAM that applies to
Offices has been revised three times, the latest version having been
launched in 1998. EcoHomes (the version of BREEAM for houses) was
launched on 6th April 2000 and BREEAM is currently being developed
to cover more building types.

Figure 1 Multi building type assessment concept

BREEAM must also continue to expand to cover new building types
and to explore new assessment techniques. Figure 1 shows a new
concept, which can be used for the assessment of a building
containing a number of different end uses or separate building types.
At present, this is a prototype and has been successfully used to
assess one major development. It is an example of one of the new
developments that BREEAM is embracing for the future.

Recent revisions of the versions for both offices and homes have
resulted in a significant growth in the range of issues covered. 
This reflects the broadening of the sustainability debate in general.

Maintaining the highest possible level of consistency and quality
across all assessments is essential to maintaining the success of
BREEAM as a benchmarking and reviewing system for the
environmental sustainability of buildings. Assessments are carried out
by a network of trained, licensed assessors. 

TM

A practical method for assessing the sustainability of buildings for the new millennium
Matt Grace, Centre for Sustainable Construction, BRE, Garston WD25 9XX United Kingdom   Website: www.bre.co.uk

Figure 2 shows an outline the system that has been established to
maintain quality and consistency.

Figure 2 Structure for maintaining quality

Conclusions and recommendations
For more than a decade, BREEAM has now been at the forefront of
benchmarking, reviewing and improving the environmental
performance of the built environment. It has been and will continue to
expand to embrace wider issues of sustainable construction as the
debate becomes more informed from the results of ongoing research.
The discussion and diagrams presented here illustrate and demonstrate
the importance of maintaining close contact with the clients, through
the use of market surveys, as the scheme must be self financing. The
role of continuing development has been discussed. This is essential, as
it will ensure that BREEAM takes into account relevant research and
legislation and continues to expand to cover more building types.
Lastly, quality was discussed and the mechanism installed for
maintaining quality within BREEAM was described.

BREEAM and the Building Regulations
The figure shows the position of BREEAM relevant to Building Regulations and 
exemplar performance
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Building Deconstruction Assessment Tool
Bradley Guy, Associate Director
Center for Construction and Environment
University of Florida, Gainesville, Florida 32611-5703, USA

Abstract
Deconstruction is a means to “un-construct” buildings for the maximum recovery of reusable and recyclable
building materials in a cost-effective manner. It also provides feedback for the design of new structures to
extend their longevity through cost-effective maintenance, repair and adaptation. In order to make
deconstruction feasible under real-world conditions, a model for use as a computer-based estimating tool is
described. The tool may also be used for modeling economic variables to assist in determining labor and
disposal costs, and salvageable and recyclable materials values, to make deconstruction cost-effective on a
regional basis. The tool is for use with wood-framed one and two-story structures and will provide a
template for other kinds of structures, including masonry residential structures, multi-family residential
structures and eventually commercial structures, as more real-cost data is available for those building types.

Key words: deconstruction, selective dismantling,  design for environment (DFE), design for disassembly,
reused building materials, pollution prevention, assessment tools.

Introduction
The purpose of this model is to aid anyone from a home owner to a building or demolition contractor to
estimate costs and revenue potential from the deconstruction of a wood-framed residential building. As
further data is developed, the model will be adaptable to a commercial building. The basis for the default
data in the model and the structure of the model came from the Center for Construction and Environment’s
(CCE) experiences deconstructing six (6) residential structures in Alachua County, Florida, USA.
Deconstruction was determined to be economically feasible with salvage revenues and a contract price
competitive with demolition. First costs were 21% higher than demolition over the average of the six (6) of
the deconstructed  houses. The net cost of deconstruction with salvage was 37% lower than demolition and
10% lower using “wholesale” prices.  The net cost includes  the retail used materials prices, which are 50%
to 25% of equivalent new materials. Wholesale used building materials prices are in turn one-half of the
retail used material prices.

The six (6) buildings used to develop baseline data were not selected based on a bias towards their more
cost-effective deconstruction, as such, they provide a range of costs and revenues per square foot. The
deconstruction assessment process that is presented in the model was developed from experience and was
augmented by research on other projects and interviews with a long-time deconstruction specialist, Pete
Hendricks from Chapel Hill, North Carolina, U.S.A. Another computer-based estimating tool for “selective
dismantling”, as it is called, has been developed at the French-German Institute for Environmental Policy -
University of Karlsruhe, Karlsruhe, Germany (Ruch, et al, 1997).

The net cost of a deconstruction is the expression:

(Gross Deconstruction + Disposal + Processing) – (Contract Price + Salvage Value) = Net
Deconstruction Cost.

The net cost for demolition is:

(Demolition + Disposal) – (Contract Price) = Net Demolition Cost.

Figure 1 - Economic Equations for Demolition and Deconstruction

The key factors in the feasibility of deconstruction are labor costs, which is both an independent variable and
dependent on the number of deconstruction tasks and the efficiency of each task,  and local disposal costs.



Salvage materials values are extremely variable, from dimensional lumber (which may be much less
valuable than new lumber) to high value architectural salvage (which may have a unique value). The savings
in disposal costs between gross deconstruction and demolition were on average 41% per house of the six (6)
houses that were used to develop the model baseline data. Net savings from salvage were on average 53%.
Therefore, there is less opportunity to increase salvage value (100-53 =  47%) than in reducing disposal
costs (100-41 = 59%). Attempting to increase salvage per building will always have a point of diminishing
returns as the more valuable items are stripped more efficiently than harder-to-access materials,  and as less
damaged materials give way to more damaged materials (Guy, 2000). Based on this analysis, the typical
disposal fees in a geographic area are an important “indicator” of deconstruction potential and will
encourage more “whole house” deconstruction in lieu of selective  “cherry-picking” of materials.

Description of Model
The building deconstruction assessment tool begins with a preliminary assessment (Figure 2) based on
building age, deterioration from water, termite, and fire damage, the relative costs of disposal, and whether
the building uses higher grades of wood for finish materials, wood structure. This preliminary assessment
uses a series of “indicators” of the building’ s deconstructability, which are compiled into a score.

Figure 2 - Preliminary Assessment Using “Indicators” of Feasibility

Bonus points are given for a high local disposal fee and use of high-grade species lumber in the structure.
Upon determining that the building has a high “score” for deconstruction, (Figure 3) the user will proceed to
a more detailed quantification of the materials of the building and assign a base dollar value on the
salvageable materials. The building is broken into major and minor components, under these categories, the
specific elements and materials types are listed for the user to increase the specificity of the assessment as
they wish. The main element categories are:

1. Appliances and Equipment
2. Hardware and Fixtures
3. Windows and Doors
4. Interior Casework
5. Interior Walls
6. Roof
7. Exterior Walls
8. Floor
9. Foundation
10. Site

The building is assessed in two ways, by the entire building and each subsequent addition to the original
building, and then by room. For some elements such as exterior siding, the perimeter exterior walls can
estimated as a component of the entire building. For other elements such as interior finishes, each room is



assigned up to 6 wall surfaces, 2 ceiling surfaces, and 2 floor surfaces, and the finishes are estimated by
room.   Element sub-categories include for example:

5. Interior Walls
5.1 Wall structure

5.1.1 2 x4 wood 24” on center
5.1.2 8” Concrete masonry unit

5.2 Wall Finish
5.2.1 Gypsum drywall
5.2.2 Wood paneling

Figure 3 – Preliminary Scoring Summary

Upon completion of the materials quantity estimates, a salvage rate or percentage is assigned to each sub-
element category to estimate the actual salvage value that can be expected. The salvage factor will first be
based on the general level of deterioration as  determined in the preliminary assessment, and then further
refined with each element of the building. For example, in the case of a window or door, the user will assign
a salvage factor of 1, since the window only has value as an entire unit. For a wood framed wall, the salvage
factor will be a percentage of the wood in the wall.

Upon completion of the detailed materials and salvage estimate, the user will then be able to estimate costs
based on unit deconstruction rates, estimated labor costs rates, estimated disposal and disposal costs,
permitting and environmental assessment costs, and asbestos abatement costs if required. The final report
will combine these estimates and variables to determine the cost-effectiveness of a deconstruction. In
addition, the user will have the flexibility to change any variable such as salvage values for components,
labor rates and disposal fees, in order to understand macro-level costs and specific  materials revenues which
most effect the economic viability of deconstruction in a particular geographic locale. This modeling
capability will have use for determining local policy options to increase the feasibility of deconstruction
within a particular municipality.
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WEB-BASED BUILDING PERFORMANCE ASSESSMENT:
FIRST STEPS WITH THE CBIP SCREENING TOOL

Curt Hepting and Diane Ehret, EnerSys Analytics Inc.
Maria Mottillo, Natural Resources Canada

INTRODUCTION

To encourage energy-efficient design practices and to bring about lasting changes in attitudes and
practices in the Canadian building design and construction industry, Natural Resources Canada
(NRCan) has implemented the Commercial Building Incentive Program (CBIP).  CBIP offers a
financial incentive for the incorporation of energy efficient features in new commercial/institutional
building designs.  An eligible building design must demonstrate a reduction in energy use by at least
25% when compared to the requirements of the Model National Energy Code for Buildings.  To
help building owners determine whether or not their building is a good candidate for the program,
NRCan has developed a web-based building energy performance modelling tool.  This tool gives the
user information about their building’s anticipated energy use, energy costs, and emissions savings
from implementing energy-efficient technologies.

HOW THE TOOL WORKS

The screening tool is designed to give users rapid feedback, based on a select but key set of inputs.
It allows users to enter values for their proposed design’s construction, limiting the inputs to the
characteristics of the building that most affect energy use.  Inputs include:

• Building location, building type, and HVAC system type, selected from 2,500 possible
combinations;

• Building envelope characteristics, including insulation and window performance characteristics;
• Mechanical system information, focussing on elements that typically have the greatest impact

on energy savings;
• Lighting levels and type of controls; and
• Marginal utility rates.
 

 Figure 1:  Sample Inputs

Building Shell

Reference
Building

Your
Design

Average window-to-wall-area
ratio:

20.50% 20.50 %

Overall window U-value: 3.20 3.20 W/m_°C

Window shading coefficient: 0.74 0.74

Overall wall R-value: 1.82 1.82 m_°C/W

 



 To serve as a guideline and for quick comparison, each input displays the corresponding “reference
case” value for a similar building if it were built to just meet the code, as shown in Figure 1.
 
 The tool provides almost instantaneous feedback, including:
 
• A clear indication of whether or not the building design is likely to qualify for a CBIP incentive,

and an estimation of the incentive amount;
• An estimated percent energy savings vs. the code-compliant reference case building;
• An anticipated annual energy cost savings, as compared to the reference case;
• Possible emissions savings as compared to the reference case;
• An end-use breakdown of the total energy consumption for both the proposed design and the

reference case (Figure 2); and
• A summary page of the inputs and results that can be easily printed.

Figure 2.  Sample End-Use Results Chart

In addition, the tool allows users to return to the input screen, change their input values, and view
the difference in the results between the new inputs and the last iteration, as shown in Figure 2.
Thus, the screening tool can serve as an educational device by allowing the user to investigate how
various building characteristics impact energy use, energy costs, and emission savings.

BEHIND THE SCENES

The screening tool stores data derived from thermal, hourly energy performance models using the
DOE2.1e software and encompassing more than 70,000 hourly simulations.  While the interface
intentionally limits the number of input data, the database contains default values for approximately
80 different building characteristics.  The default values are based on standard practice design or pre-
scribed energy code values, but can be assigned a full range of possible values as is appropriate.



Unlike most macro-based building analysis approaches, our calculational approach does not make
use of statistical correlations, which typically use a relatively small subset of discrete building
characteristics.  In other words, the screening tool does not simply draw upon the relationship
among easily quantifiable characteristics to predict energy savings, such as building size, HVAC
system type, and if air conditioning is present.  Instead, the screening tool’s engine derives its
calculations from engineering practices and thermodynamic principles which are embodied in hourly
energy performance simulations.
The calculation engine embodies a unique process for rapidly accessing the results from a vast range
of building energy simulations such as DOE2.1e.  More specifically, it makes use of response
factors produced from performing dozens of simulations on a specific building project.  Each
simulation represents a discrete change to a building characteristic (roof insulation, for instance).  By
also applying the engineering principles of how the discrete change affects energy use, the tool can
calculate the end-use impacts from changing a building characteristic by nearly any amount.  The
results from this approach agree closely with actual DOE2 simulations (Hepting et al, 1996).
Meanwhile, the approach has the advantage of taking less than 1% of the time—an important factor
for an Internet application.

In comparison to econometric “top-down approaches,” this engineering-based “bottom-up
approach” allows more flexibility.  Rarely, if ever, are there enough building characteristics data
available to make statistically valid correlations to monthly or hourly end-use energy by fuel type.
With the tool’s approach, key building characteristics can be changed to calibrate the model to
known energy and demand requirements.  Users can then modify any characteristic to immediately
observe the impact the change has on energy performance—as if they had run a full building energy
simulation but in a fraction of the time.

CONCLUSION

The screening tool is widely used both by people interested in the Commercial Building Incentive
Program and by NRCan program administrators.  Building owners and developers can determine
whether or not their building is likely to qualify for an incentive before undergoing the time-consum-
ing and often expensive task of building performance modelling.  In addition, they receive valuable
information about the key characteristics that influence energy use and thus about the possible
modifications to their design that can lead to an energy efficient building.

The screening tool has been a useful resource for NRCan staff as well by enabling them to conduct
preliminary reviews of program submissions.  NRCan is considering expanding the tool to create
simulation input files that can be used in a more detailed energy compliance software to further
facilitate program participation and administration.  With its flexible and powerful core engine, there
is a potential to apply this application to other programs and functions.  For instance, the
application is currently being modified to serve as a aggregation and policy analysis tool for existing
buildings across Canada.  The core system could also be used to facilitate a consistent energy rating
service for existing buildings.

The screening tool has become an important component of the Commercial Building Incentive Pro-
gram, and has the potential of helping to meet NRCan’s goals of reducing energy use and emissions
through its application to future programs.
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The Green Building Advisor: Evolution of an Ideas Tool

Nadav Malin, Environmental Building News, Brattleboro, Vermont, USA

Introduction
The Green Building Advisor is a software
tool that fills a gap between modeling-
based design tools and general, written
information. Computer modeling tools
are invaluable for getting good data on a
building during the design phase, but
they can only provide feedback on
quantifiable variables, and they often
require detailed and time-consuming
inputs to get useful results. At the other
extreme, there is a great of published
material on design strategies and
approaches to making green buildings,
but these are generic in nature so the
reader must sort out what applies to her
project. Green Building Advisor offers a
middle ground—ideas-level information
that is customized to the user’s situation
without requiring detailed data-entry or
modeling skills.

Figure 1: Green Building Advisor main
menu.

Green Building Advisor is an educational
and professional software tool for
architects and designers who want to
create environmentally friendly and

healthy buildings. The program solicits
information about the user’s project and
searches a database of environmental
knowledge and case studies and presents
the user with a prioritized list of relevant
design strategies. The user can then view
detailed information on each strategy and
case study.

The Green Building Advisor version 1.0
was released during February, 1999.
Version 1.0 is limited in its application to
the United States. Over 1,200 copies are
in circulation as of June, 2000. Version
1.1, with enhanced features, is due out
by June of 2001.

How it works
The core of the Green Building Advisor
is a collection of strategies for making
greener buildings. Rather than presenting
these strategies in the form of a huge list,
however, Green Building Advisor
provides guidance that is specific to a
particular project. Green Building
Advisor creates a customized collection of
strategies based on information the user
enters about her project. Examples of
information the user might provide
include building function, location, size,
size of building lot, whether it is new
construction or renovation, and whether
the design is for a whole building or just
a tenant fit-out. (Based on the location,
Green Building Advisor accesses
extensive climatic data for the project.)
The program then compares this
information with a specific algorithm for
each strategy, and returns a list of
“strongly recommended” and “moderately
recommended” strategies, based on the
estimated degree of environmental benefit
for the particular project.



For example, the strategy “Use skylights
for daylighting” is strongly recommended
when the project scope includes the
whole building, the building has one or
two stories, and the location receives low
or medium-low amounts of sunshine. If
the climate includes more sunshine, or the
building has more than two stories, the
strategy is designated as “moderately
recommended.”

To make the lists of strategies manageable
for the user, they are organized under five
topic areas, based on the area of their
environmental impact: Indoor
Environment, Energy, Water, Resources
& Materials, and Other Ecosystem
Impacts. Each to these is further
subdivided into subtopics. By selecting a
topic and subtopic, the user can view a
set of strategies relating to a common
subject. Clicking on any strategy in the
list reveals additional detail about that
strategy: an explanation of what it means
and how it might be implemented, its
benefits, and potential drawbacks. For
the motivated student, there is also a list
of additional reference materials relating
to the strategy.

To emphasize that each strategy doesn’t
exist in isolation, but rather is an integral
part of an overall design approach, the
details also include lists of related
strategies that may represent either
integration opportunities or potential
conflicts. Each strategy is also appraised
as its likely impact on initial cost, life
cycle cost, and difficulty of design. While
browsing through the list of strategies,
the user can at any time choose to restrict
the list to those strategies that do not
increase first cost, or those that reduce
life cycle cost. In addition, one or more
building phases are assigned to each
strategy, denoting whether it must be
addressed during pre-design, design,
construction, or post-occupancy. The
user can also restrict the current list to
strategies that are relevant to a particular
building phase. Finally, the strategies are
linked to green building case studies,
providing examples of how the strategies
have been implemented.

Case Studies
A selection of case studies from across
North America, and a few from overseas,
is included in version 2.0 of the Green
Building Advisor. The program includes
basic project specifications, descriptions,
photographs, and construction details.
The case studies have been selected to
represent a broad range in terms of
building type, size, and climate region.
Like the strategies, these are identified
with specific data so that the ones most
relevant to the user’s project are presented
first.

Just as the strategies are linked to the case
studies, the case studies are linked back
to the strategies. In this way the user can
learn more about a particular design
aspect of a case study by reading the
details and reference materials for the
linked strategies.

Libraries
While the program is intended to present
information relevant to a user’s project, it
is also designed to accommodate those
who just wish to browse through the
entire library of case studies, strategies,
or reference materials. These lists are
organized just as they would be for a
specific project, except that no strategies
are designated “strongly” or “moderately”
recommended.

Having users browse the strategies
independently of any reference to a
current project poses a potential problem,
because some of the strategies are
appropriate only for certain climates or
building types. The software includes
guidance mechanisms to help clarify this
point so users don’t read the list of
strategies as a checklist that might be
applicable to any project.

Reference materials, which are linked to
the individual strategies, are also
accessible from a master library. These
include supplementary documents
available within the software itself,



materials available on the Internet (which
are accessible directly from the software
if the user has a live Internet connection),
and bibliographic references to
documents and software available
elsewhere. There is also a directory of
green building products so the user can
find specific products associated with the
strategies and case studies.

Ongoing Evolution
With version 2.0, Green Building
Advisor takes the first steps toward
international relevance. The location map
allows users to select a site in any
country, and climate data are available for
sites all over the globe. While still limited
to an English-language version, metric
units are included for non-American
users.

In a more general enhancement, the utility
of the Green Building Advisor as an
educational tool will be advanced by
adding explanatory details at each heading
level, in addition to the details provided
on each specific strategy. Thus, for
example, there will be explanations about
the general advantages and issues with
lighting in general, and daylighting in
particular, before getting into more
specific explanations about strategies
such as the use of open-plan office or
interior transoms to enhance daylight
penetration.

Also in future versions the amount of
detail available on many of the case
studies will be enhanced. More detailed
energy performance information and cost
information will be provided where
available, and the results of any rating
systems that may have assessed the
building will also be included. Finally,
strategies that suggest the use of specific
products will be linked directly to those
products.
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INTRODUCTION

Due to economic growth, the privatisation of
public companies, and the needs of new
international groups, many new office buildings
are being built in Buenos Aires, Argentina.
Although this typology implies higher energy
demands for construction, operation and
maintenance, with high impact in the
surrounding environment, sustainable
approaches to the design and operation of these
buildings are not yet considered in their brief.

In this context, assessment methods to evaluate
environmental impact of buildings could
provide an important tool for change. This can
highlight and qualify the benefits of practices
complying with higher environmental standards
compared with the minimun levels required by
regulations.

Focusing on the potential application of some
of the existing environmental assessment
methods to the context of Buenos Aires, this
study compares the British BREEAM for
offices (Building Research Establishment
Assessment Method); LEED (Leading in
Energy and Environmental Design) from the
United States; and GBC (Green Building
Challenge). The final goal is to identify
variables and tools appropiate for Argentina,
with special emphasis on rating office buildings
in Buenos Aires. As part of this study, an
existing office building is assessed using the
methodology proposed in the most complex and
regionally oriented of the three methods
studied, the Green Building Challenge.

PRESENTATION

Environmental assessment methods and the
Argentinian context

The analysis includes a review of the variables
considered by each method, taking into account
the relative importance given to them.  Energy
was the most relevant variable, representing
around 20% of the total final score. BREEAM
addresses the importance of monitoring and of
company’s green policies. Its main limitation is
that it takes into account the amount of CO2
released to the atmosphere as the only means to
rate the environmental impact of the energy
source. In Argentina electricity is produced by
hydro, gas or nuclear plants.  Not considering
other environmental problems derived from
these sources produces a bias and limits results.
LEED is simple to use, mainly because most
data required to comply with it are accessible
and understandable by architects and
constructors. LEED includes heat island
mitigation considerations, but it weights
variables, specially urban issues such as density
or public transport with a very local, national
perspective.  In a city like Buenos Aires, with
high built densities and a wide net of public
transport, the importance and characteristics
taken into account to rate these variables should
be reviewed. GBC is proposed by a team of
international experts and has a regional
approach to the rate of variables. It highlights
the importance of urban context, and requires
good monitoring.



The main potentialities and limitations of the
three methods are summarised in the Table 1,
below.

Table 1. Potentialities and limitations of the
studied methods

Method Potentialities Limitations
BREEAM • Designed for

offices
• Many

buildings
assessed

• Comprehensiv
e and clear

• Controversial
environmental
indicator
chosen to
measure energy
use

LEED • Easy to use
• Rating

system well
business
oriented

• Very local
perspective

• Relies on
existing US
standards and
regulations.

Green
Building
Challenge

• Respects
local
diversity and
regional
reality

• Validated by
International
team

• Complex to use
• Requires deep

monitoring
• Could be

manipulated to
modify final
results

After reviewing the three methods, the
assessment of an existing office building was
carried out to further test the application in the
local context. Although it is complex and
requires more data, GBC - Building
Performance Rating System - version0.9g2000
was chosen, mainly because local approaches
for rating and the regionalization of variables
are proposed.

CASE STUDY WITH GBTOOL
An office building for Telecom built in 1997
was chosen as a case study.  The building was
designed by an U.S. team and local partners as
part of a recent major urban intervention in the
port area. It was constructed using modern
technology and better materials than those
commonly used for building in the region. Even
though the design is not specifically intended to

be green or sustainable, it might have good
potential for improvements.  Extensive
information was available and managers agreed
to provide the data needed.

An important challenge was to define a correct
benchmark building, representative of common
practice and appropiate for comparison to any
other office building in the region.

Even though the main objective of the case
study was to test the method rather than a
building as such, results with GBC showed the
building rated slightly better than the common
practice.  It qualified lowest in resource and
energy consumption. It could be concluded that
expensive technology did not imply “greener”
decisions neither in design nor in management.

Limitations using the GBC method in
Buenos Aires.
To adapt GBC, or any other method, to local
conditions, a national team of experts has to
define local benchmarks. This is especially
important to evaluate aspects related to urban
characteristics. Buenos Aires is a densely built
and highly populated city where transport and
commercial facilities are accessible. One
problem in this context is how to improve
conditions in a noisy and polluted environment.

Another issue, difficult to assess in the
example, was energy consumption and
management during the construction process
due to the lack of  reliable records.

If complex variables such as embodied energy
of building materials are included in the
analysis, accurate simplification should be
proposed to allow the assessment of the
variable avoiding different interpretation and
conceptual mistakes.



CONCLUSIONS

It is clear that building assessment methods
have to be sensitive to local priorities and
conditions to obtain reliable and useful results.
For Buenos Aires these priorities should
include adapting and reviewing the follnwing
issues:
1. Contributions to greenhouse and ozone

layer depletion gases. A global perspective
should be included taking into account total
national contributions and political and
social implications of decisions adopted in
the country.

2. Issues related to public transportation,
should consider aspects such as air and
noise pollution produced by the system and
the quality of services provided. Pondering
only the presence of public transport would
not be enough in Buenos Aires where, due
to lack of controls and technical upgrading,
buses are the worst polluters in the city.

3.  Accessibility to green open spaces has to
be considered as a priority.

4. Monitoring requirements should be
reviewed and adapted to local possibilities
to allow simplified data collection.

Finally, it should be pointed out that a reliable
building performance assessment method is
important not only for rating and recongnising
better practices, but as an agent for change.
Many big international companies are aiming to
show the public they are doing business in a
“green way”, trying to pollute less, recycling or
supporting programmes of nature conservation.
It is time to include these concepts in the design
of buildings representing them. This new
approach could encourage public control and
should produce improvement in the urban
environment.

Acknowledgment: This paper is related to the
Research Project “Sustainable Architecture:
development of an evaluation method”,
University of Buenos Aires.
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INTRODUCTION

The large quantities of material flows in society are important contributors to the environmental
impacts. The Swedish building stock comprises about 3,1 million buildings, and the amounts of
materials already built into the existing stock correspond to around 130 tonnes per capita. Today
there is a lack of statistical information and other support for decisions on the material flows
generated by the building sector. As a basis for decreasing the environmental impacts from the
building stock, reliable systems and routines for gathering and presenting environmental data are
needed.

Since the late 1970s, several surveys have been carried out in Sweden for various parts of the
building stock. They have generally been based on sample surveys, modelling the existing stock and
its characteristics, thus applying a bottom-up approach. At Chalmers University of Technology, a
dynamic model describing resource deposits and resource flows in the Swedish building stock is now
being developed, using a bottom-up approach [1]. The overall flows of resources into and out from
the stock may also be described by using general statistical data and data from the building industry
and trade associations, i.e., using a top-down approach. The existing stock is then considered to be a
“black box”, in which a certain amount of resources have already been deposited. In the top-down
approach, the aim is to describe the total flows and eventually distribute them on activities in the
building stock. The bottom-up approach is advantageous for the description of built-in materials,
whereas the top-down approach is advantageous for the description of changes over time, i.e., of the
in- and outflows.

OBJECTIVES, SCOPE AND METHOD

The objective of the project described in this paper was to investigate what industrial data are
available in Sweden to quantify the deposits and flows of materials in the building stock using a top-
down approach. The results should then serve to check the reliability of the bottom-up model that
is being developed at Chalmers (see above), and to compensate for data gaps in that model. The
Swedish building stock was chosen as object of the study, including all existing building types. Only
mass flows directly related to the physical building were taken into account. Literature studies were
first made. Then the presumed data providers were interviewed, mostly by telephone. The full
study is to be published in August 2000 [2].



DATA SOURCES

Several data sources may be used to describe the material flows of the building stock. Swedish
official statistics produce statistical information on a regular basis, such as statistics about the
production of commodities, exported and imported quantities of goods, housing, building and
construction, and waste. Statistics Sweden (SCB), the Swedish office for national statistics, holds
databases available in Swedish on the internet, in which private persons may conduct their own
searches free of charge (see www.scb.se/databaser/ssd.asp). The official statistics are not further
discussed in this paper. Data on the inflows of materials into the building stock may also be
obtained directly from the building industry, mainly from manufacturers of building products,
wholesalers and building contractors. Several trade associations compile statistics for their members
or for the whole industrial field. Data may also be acquired using market research institutes that
specialise in gathering this kind of information. Main data sources used in this survey were trade
associations related to the building sector, and manufacturers of building products.

RESULTS, DISCUSSION AND CONCLUSIONS

Table 1 summarises industrial data found that describe the annual production/use of some building
related materials in Sweden. Partly depending on who produces the statistics, it differs between the
data whether they refer to the produced, sold or used quantities, whether they have been adjusted to
import/export and how large share of the market is covered. For several products not included in
Table 1, statistical data do exist but are not publicly available. For example, data may be kept by
trade associations for use by members only.

Table 1. Industrial data on annual production/use of building related materials in Sweden in 1998.
Material/product Quantities [1998, if

not stated otherwise]
Comment

Aggregates 1,2 75 Mtonnes delivered quantities
Cement2,3 1,15 Mtonnes delivered by the main Swedish supplier (Cementa)
Ready-mixed concrete2 2,1 Mm3 Production in Sweden; around 98% of the total volume
Concrete in precast concrete
products

1 Mm3 Annual production in Sweden, estimation

Steel used for load-bearing
constructions1,3

132,4 ktonnes
= 2,11 Mm2

use in buildings; around 70% of the market

Ceramic tiles for floors and
walls

6,4 Mm2 use (including import)

Sawn timber2 4,27 Mm3 use
Wood-based panel1 555 000 m3 use (including import)
Glue-laminated timber2 25 000 m3 Annual use, estimation
Plasterboard 2 20 Mm2 Annual use, approximation
Mineral wool2 120 ktonnes Annual use, approximation
Wall covering 1 44,6 Mm2 sold quantities; 80-90% of the market (12 suppliers)
Floor covering 1 19,9 Mm2 use (including import)
Paints 2 178 000 m3 sold quantities
Levelling compounds (flooring) 77,8 ktonnes data from suppliers, use for ceramics
Fixing & jointing compounds 9,19 ktonnes data from suppliers, use for ceramics
Doors 1,1 million doors Annual production in Sweden, approximation
Windows 1,2 million windows Annual production in Sweden, approximation
Wooden staircases 25 000 m3 Annual production in Sweden, indoor use,

approximation
1 Data are also available distributed on specific product types and/or use areas.
2 All applications, including buildings
3 Data refer to production/use in 1997



Regarding the output flows from the building stock, hardly any such industrial data were found on
the national level in total or for specific material flows, although there are approximations. One
exception was the statistics on white goods at about 250 000 discarded pieces a year.

For some products, use in buildings could not be distinguished from use in other applications. Also,
no data sources have been found that distinguish products used for new production from products
for renovation. Neither could waste flows from new construction be separated from waste from
maintenance and renovation and demolition waste.

For most products, industrial data can be obtained only for a limited time period. Cement is the
product for which statistical data have been gathered during the longest time; from 1895 and on.
Another example of long data series is for floor coverings: estimates had been made of the sold
quantities during 1955-1970, and from then on sales statistics have been compiled. However, for
most of the products where industrial data were obtained, systematic compilation of such data has
been introduced during the 1990s.

To know better what products are in-built in the existing building stock, knowledge on the time
intervals during which specific product types have been marketed may be helpful (see Table 2).

Table 2. Estimated use intervals for some building related materials in Sweden (examples).
Material Use interval Comment

Cement 1871- Manufacture in Sweden on a large scale started by Skånska
Cementaktiebolaget

Elevators before 1900- Use in Swedish buildings
Glue-laminated timber 1919- Introduction on the Swedish market
Lightweight concrete 1929- Industrial production started by Yxhult
Mineral wool 1937- Swedish manufacturing was started by Rockwool
Plastic products 1950s- Use in buildings started
Plasterboard 1957- Swedish manufacturing was started by Gyproc
Plastic floor coverings 1960s- Introduction on the Swedish market
PVC pipes 1970s- Introduction on the Swedish market
PVC window frames 1970s- Introduction on the Swedish market
PCB 1920s-1970s In 1978, use in all new applications was prohibited
Cadmium in plastics -1982 Prohibited
Blue asbestos -1976 Prohibited

It was concluded that top-down data are not in general of good enough quality to quantify what
materials are present in the existing building stock. However, for a specific product group or a well
defined part of the building stock, data will be good enough to check the reliability of the results of a
bottom-up model. Also, for the main part of the material flows, the yearly changes in the built-in
quantities of materials can be calculated by using industrial data.
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INTRODUCTION 
This paper examines opportunities for adopting more on-site infrastructure in urban areas, and the 
implications for design practice.  The term ‘on-site infrastructure’ here refers to small-scale systems 
located nearby or on building sites, or integrated within larger buildings.  On-site systems can be 
used for any combination of municipal services, including energy and water supply, solid and 
liquid waste management, surface drainage, communications and access.  On-site systems may be 
clustered so as to serve groups of buildings, and may also be networked for larger scale integration.  
 
Recent technological advances have enhanced on-site performance, particularly for solid and liquid 
waste management.  Project-work by the author on eco-city plans in Canada, USA, Korea and 
China has revealed potential for distributed clusters of integrated on-site systems, both within dense 
urban areas, and as part of suburban developmenti.  Such on-site systems appear to enhance 
sustainable urban development in so many ways that it may be argued they are inherently more 
sustainable than the conventional large and centralised systems. 
 
If indeed on-site infrastructure is significantly more sustainable, it becomes crucial for planners and 
designers to better understand how to identify and facilitate on-site options when establishing urban 
land use plans and building designs, and how to determine optimum scale and location.   

PRESENTATION – Benefits of On-site Systems, and Obstacles to Adoption 
Many of the urban design and development projects undertaken by the Sheltair Group over the last 
three years have used an Urban Environmental Management System (Urban EMS) as a design and 
evaluation framework.  Urban EMS begins with a clear statement of the basic principles underlying 
the vision for new buildings and communities, and 
typically embraces principles within each of the three 
spheres of sustainability: economic, ecological and social.  
Figure 1 illustrates this structure, and lists some of the key 
principles. Understanding these principles of sustainability, 
and how they are used to create a framework for designers, 
is essential background for understanding this paper.   
 
Because Urban EMS allows for the development of 
specific objectives and measurable performance indicators 
within each sphere of sustainability, it is possible to 
complete a more comprehensive and rigorous evaluation of 
development options than is normally possible.  It is this EMS evaluation process that has shown 
on-site infrastructure options to consistently perform better than conventional approaches.   
Typically significant benefits are realised in all three spheres:   
 
Potential Ecological Benefits: Increased looping and cascading of resources is possible, because 
on-site systems process resources close to where people work and live.  It is also easier to locate 
industrial parks and complexes close to complimentary urban systems, creating a more efficient 
‘food web’, and integrating the municipal and industrial ecology.  Smaller scale infrastructure can 
be customised to meet local conditions – for example employing cleaner, more expensive 
technology in those locations where ecological capacity has been exceeded.  And as conditions 
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Figure 2 Multiple Benefits of On-Site Infrastructure 

change, a smaller scale system can be more adaptable and replaceable.   Because smaller systems 
can be staged over time, as growth occurs in the population, technology can remain more up-to-date 
and therefore more efficient.  And because the treatment / management processes occur closer to 
the source, distribution systems use materials and land more efficiently.  
 
Potential Economic Benefits: On-site infrastructure makes it easier to stage the infrastructure 
investments to match growth in demand.  This reduces financing costs and the risk of over 
estimating capacity requirements.  On-site infrastructure can also be more cost-effective to manage, 
since the fail-safe systems can be much less sophisticated than conventional systems.  They can use 
simple electronics for low-cost monitoring, instead of highly trained operators.  They can use a 
greater proportion of locally produced materials and equipment, and keep infrastructure 
investments and related job creation within the community.  On-site infrastructure frequently 
involves participation by developers who are required to invest in systems that would otherwise be 
financed through property taxes or utility rates.  This means that infrastructure costs are off-loaded 
from the municipality and ratepayers, and that users of the new systems have a direct incentive to 
minimise costs through better design and load management.  As systems move on-site, more of the 
maintenance and operating costs may also be borne by developers and micro-utilities, which can be 
a relief for both the municipality and the users.  Municipalities have traditionally failed to properly 
maintain urban infrastructure, due to public unwillingness to support the extra tax burden; in the 
long run it may be preferable to manage infrastructure investments privately, or through 
public/private partnerships.  Moreover on-site 
systems can mean that developers change the 
type of business they are in; instead of earning 
money only from one-time sales of 
accommodation, a developer can become part 
of a micro-utility, and earn on-going revenue 
from the sale of lifetime services.  For 
example, one annual fixed fee to the developer 
can provide occupants with on-site services 
ranging from maintenance and security to 
electricity, gas, water, sewage, waste 
management, and telecommunications.  This 
expanded role for developers will create 
competition around accommodation that is 
affordable from a total cost perspective, and 
thus provide developers – at long last – with a 
real market incentive to invest in resource-
efficient buildings.   
 
Potential Social Benefits: On-site infrastructure creates opportunities for multiple use of 
infrastructure investments, including buildings, ponds, grounds, towers and so on.  Architectural 
infrastructure can become an important element in neighbourhood design and place-making – using 
surface drainage for example as public ‘water art’ and as linear parks, or using renewable energy 
systems or composted soil as visual landmarks for celebrating ecological processes.  On-site 
infrastructure may be inherently more resistant to disasters like floods, earthquakes, ice storms, and 
sudden disruptions in energy supplies because the systems are spatially distributed, and less 
vulnerable to breakdowns in distribution. Another social benefit is the flexibility that is provided by 
on-site systems, since new neighbourhoods can be located without need to be uphill of the sewage 
treatment plant, or close to a power corridor or trunk lines.  
 



Obstacles to adoption: Probably the greatest difficulty to adopting more on-site systems is the lack 
of appropriate institutional structures for ownership and maintenance.  If a heat pump is to be 
shared by a cluster of five buildings, for example, how are rights and liabilities determined, and 
how is the system managed?  Another obstacle is sunk investments in larger systems.  Once a 
community has made major investments in infrastructure capacity it may be reluctant to co-operate 
with on-site developers, especially if the load forecasts and revenue streams for larger systems have 
been based on assumptions of universal coverage.  Larger utilities also do not welcome a loss of 
market and control, and they may mount political and economic pressures against on-site proposals.  
Another major obstacle is the bundled fees and buried subsidies with the taxes and utility rates; 
owners of on-site systems may find they are also paying for the larger services they don’t need. 
Concern for public liability is commonly a major obstacle.  Communities worry about failures in 
untried technology, and about poor maintenance leading to pollution, environmental exceedences or 
to unsightly and noisy facilities.   

CONCLUSIONS - Next Steps for Design Practitioners 
The current planning and design process is biased against on-site infrastructure.  Urban planners 
focus primarily on the designating land uses, and design of transportation systems.  Building 
designers focus on architecture.  Both groups lack the skill, mandate and incentive to give proper 
consideration to on-site infrastructure options, despite the fact that on-site systems can radically 
alter the nature of both urban land use and architectural design.  On-site storm water management, 
for example, can change the width and construction of streets, the shape, size and layout of 
development parcels, the functions of city parkland and private landscaping, the types of roofs and 
surface materials, and so on.  When developments combine more than one on-site system, 
opportunities are created for integrating infrastructure with infrastructure, as well as buildings.  
Increasingly a different design approach is needed, which includes the following elements: 
1. For larger developments, it is crucial to adopt an Urban EMS as a means of evaluating 

development proposals.  If the EMS includes performance targets in the three spheres of 
sustainability, it can stimulate a more innovative and holistic approach to design.  Performance 
indicators should measure total costs and resource use, including infrastructure costs.   

2. Concept engineering cannot be left to the tail end of urban plans and building design.  Although 
engineers typically prefer to provide advice only in narrow areas of competency, the Integrated 
Design Process (IDP) requires ‘big picture’ engineers who can participate right from the start, 
and who are familiar with the basics of on-site systems. 

3. On-site infrastructure design needs to explicitly address the liability concerns raised by local 
engineering departments, neighbours and politicians.  The issue needs to be frames in terms of 
risk management, since conventional infrastructure is also risky.  With new, on-site systems, 
risks can be well managed by following successful precedents from other locations (a ‘no 
guinea pig’ policy), by incorporating affordable contingency plans, and by ensuring that new 
technologies are treated like pilot projects, and used to guide future investment.  On-site 
systems are small scale, and thus especially well suited to experimentation and learning. 

4. Some basic rules of thumb are needed to simplify choices for planners and designers, especially 
when exploring the most appropriate scale and location for infrastructure systems. For starters, 
it would be useful to let go of outdated ideas like ‘best technology’ and ‘lowest cost option’.  
The future will be full of environmental surprises, and the best approach is many approaches.   

 
On-site systems require difficult trade-offs.  Often the optimum scale from one perspective, like 
thermodynamics, will be different from the optimum scale for human enjoyment and 
administration, or for ecology, or for economies of scale. We need practice in examining issues of 
scale from all such perspectives.  Finally it may be worthwhile to remember that our cities are in a 
state of evolution, and that on-site infrastructure must ‘co-evolve’ with other types of infrastructure.  



Part of the challenge is to create today the foundation required for a truly integrated and sustainable 
built environment in the decades ahead.  
                                                 
i For details on project reports referred to in this paper, access the web site for Sheltair Group at   www.sheltair.com  



























































































INTEGRATING INDOOR AIR QUALITY AND LIFE CYCLE ASSESSMENT
IN SUSTAINABLE BUILDING DESIGN
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INTRODUCTION
Many interests and issues compete for
professional building designers’ attention and
priorities. Indoor air quality and “sustainable
design” have been increasingly among these
interests in recent years [1]. While neither has
yet gained widespread acceptance or general
use in the building design professions, both are
now being used more frequently in the United
States and certain parts of Europe. The tools
available to designers include several directly
using or derived from life cycle assessment
(LCA) software and concept approaches.

LCAs that have been done on building
materials have either ignored indoor air quality
(IAQ) or have actually stated that integration
of IAQ into LCA practice is either impractical
or infeasible [2]. Their assertion hinges around
their perception of the relative availability of
data and the complexity of its analysis for
general environmental impacts and for IAQ
impacts [2]. Generally LCA practitioners lack
awareness of the methods and practices
available to evaluate or compare products’
IAQ performance.

Design of a “healthy” building requires
consideration of the impacts on humans from
both material production and installation in
buildings as well as the impacts on building
occupants through indoor air quality effects.
Therefore, indoor air quality must be assessed
and the results must be integrated in LCAs on
building materials.

IAQ is neither more complex nor are relevant
data any less available than data on materials’
impacts on the general environment. Labelling
and classification schemes for material
emissions have been developed and applied in
Denmark, Finland, Germany, and the USA.

METHODS
Various methods for developing IAQ
evaluations of candidate products can be
integrated into life cycle assessments. Data
needs, accuracy, availability and quality are
important criteria for selection of methods.
Each method was developed by the author
and has been applied in various building
design projects to assist architects in product
selection. All three methods should include
determination or estimation of IAQ profiles
from installation through the end of the
product service life.

Surface Protection, Maintenance and
Cleaning Products
Many materials require periodic surface
treatments and cleaning in order to perform
well. For example, many non-textile flooring
products require lacquer and wax applications
to protect their material surface and improve
their appearance. The total life cycle
emissions from such products can easily
exceed those from the material to which they
are applied. Therefore, emissions from
products routinely used with a given material
should be included in analysis of Life Cycle
IAQ. They should also be used in building
material selection processes based solely on
IAQ. So-called “green” paints that are not
easily cleanable result in more frequent
painting and, therefore, potentially larger
emissions over the life cycle.

The following criteria have been used to
evaluate the alternative methods:
• Accuracy; Are the results accurate and

reliable?
• Health-Based Results; Are the results

directly related to health impacts?
• Data Availability; Are the necessary data

readily available and reliable?



• Time Required to Perform Analysis: How
much effort and time is required by the
designer to perform this type of analysis?

• Communication of Results: Can the
results be easily communicated to and
understood by the users?

RESULTS
The results include description of the three
methods used in various projects and the
comparison using the criteria described above.

Method A: IAQ Concentration Calculation
and Assessment
The first method is the most theoretically
complete and comprehensive IAQ
assessment, designated here as Method “A.”
It requires acquisition of data on emissions
from a product or material as the it will be
used in a projected building. Product specific
data are obtained from manufacturers or
suppliers who have tested their products or
from other tests. Calculations are made of
indoor air concentrations of chemicals of
concern attributable to the candidate product
over the life of the building [3-4]. These
concentrations can be compared to a
reference value, for example, 1/40 the TLV or
MAK value, as suggested by Nielsen et al [5].
Method A involves high data intensity, low
data reliability, and the difficulty or
impossibility of acquiring all necessary data.
Generic product emissions data may be
available, for example, for other products of
the same class or type, but data for the
specific products being evaluated may be
lacking. The ratio of the calculated
concentrations to the reference value can then
be plotted alongside the typical LCA plots of
other inventory items (e.g., greenhouse gas
emissions, energy consumption, toxic
chemical emissions, etc.). Since designers
actually choose from among different brands
of similar products, product-specific data
unavailability could be a major barrier to use
of this method.

Mthd B: Potential Emissions “Indicators”
Method B involves calculations based on
simple, reasonably accessible and reliable
data on product contents. Just as for emission
rates in Method A, estimates may also be

are not available. For wet products or thin
films, these data include the total mass of the
chemical compounds of concern in the
product and the vapor pressures for these
chemicals. For dry products with thickness >1
mm, the diffusion coefficient should also be
determined for the chemicals of concern and
for the specific product being evaluated. A
simple calculation produces a dimensionless
number that can be used to compare
alternative products.

Since designers are generally choosing from
available products for a particular application,
the relative potential emissions can be used
for a first order estimate of IAQ impacts. If
differences are not large in the emissions of
chemicals being compared (e.g., <2x), then
the IAQ impacts can be considered similar.
The actual values can be plotted and
displayed as relative potential life cycle
emissions, concentrations, or exposures.

Method C: TVOC Concentration
Calculation
Method C involves obtaining emissions data
for TVOC values only and using them to
develop estimated concentrations and life
cycle exposures. These estimates are then
compared. The projected or estimated TVOC
concentrations can be compared for each
alternative product. A ratio of each product’s
calculated result to the lowest calculated
result can produce a simple reduction of the
data to a value that can be easily understood
by non-indoor air quality specialists.
Alternatively, the life cycle concentration and
human exposure values can be used directly
in the comparison.

DISCUSSION
Table 1 summarizes a comparison of the
methods showing the advantages and
disadvantages of the three methods. None is
free of problems, but all can be used as
screening or selection tools.

Method A is the most accurate for developing
an IAQ profile. It compares calculated
concentrations to a health-based reference
concentration, thus enabling decision-makers
to assess the potential for undesirable impacts



Method A include the high data intensity, the
low data reliability, and the difficulty or

impossibility of acquiring all necessary data.

Table 1. Advantages and Disadvantages of the Three Methods
Method A:

IAQ Concentration
Calculation and

Assessment

Method B:
Potential Emissions

“Indicators”

Method C:
TVOC Concentration

Calculation

Accuracy Moderate to High Moderate Low to Moderate
Health-Based Results Yes No Imprecise, potentially

inaccurate
Data Availability Low High Moderate
Time Required to
Perform Analysis

Large Small Moderate

Communication of
Results

Difficult Difficult Moderate

Data are generally far more readily available
for Method B except when manufacturers
refuse to divulge their products’ chemical
contents. There is a general trend toward
more disclosure as companies compete to be
regarded as “environmentally-friendly.” The
disadvantage of Method B is that the potential
impacts of the chemical emissions reported as
“TVOC” cannot be related directly to health-
based standards. Bornehag et al concluded
that there is no scientific basis for stating
whether TVOC can be used as indicator of
VOC health effects [6]. However, TVOC
emission values can be compared as semi-
quantitative estimates of potential emissions.

Method C has the advantage that TVOC data
are more readily available than individual
VOC data. However, since TVOC values
cannot be used as an indicator of health
effects, therefore, Method C does not provide
results that can be related directly to impacts.

CONCLUSION
Based on the comparison of the three
methods, it is clear that one will not always
be more practical, useful, and reliable than
the others. In general, Method B is more
frequently feasible and provides results that
have an order of accuracy as good as or better
than many indicators used for LCAs. These
three methods can be used for product IAQ
assessments whether or not LCA is being
conducted. The total building life cycle

material emissions’ impacts on indoor air
quality. Further work needs to be done to
develop data to make IAQ assessments more
practical and reliable. This is also the case for
most factors in typical LCAs and should not
be considered a barrier to inclusion of IAQ in
LCA practice.
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INTRODUCTION 
The building sector uses a lot of products 
(several thousands) and many of these contain 
chemicals, some of which have harmful effects 
on human and environmental health. Due to the 
restricted knowledge of data, the impacts of 
chemicals can be overlooked e.g. in eco-profiles 
of building elements.  
The reasons for that are lacks of product-
specific emissions by manufacturing of 
chemical products, e.g. waterproofing systems 
and sealants. Besides, most LCA-models do not 
include assessments of emissions in working 
environment, in indoor environment or from 
disposal processes. It was therefore in the 
project Assessment of Chemicals in 
Construction Products decided to adapt an 
existing score method for assessing the 
chemicals. 
 
As the European countries had agreed on a 
score Method for Risk Ranking chemicals 
(EURAM), it was decided to use this method to 
assess chemicals in construction products for 
two LCA phases, indoor environment and 
disposal phase.  
The score method was used on two water-
proofing systems. Waterproofing systems are 
used for making a water-impermeable layer in a 
bathroom wall. Results from the score method 
for indoor environment were compared to 
results from a screening method. Due to lack of 
data the screening method could not be used for 
the disposal phase. 
 
ECO-PROFILE OF A BATHROOM WALL 
The eco-profile of a wall in a bathroom 
is given in Fig.1. The figure shows the 
contribution from the different products to the 
most important impacts during the whole 
lifetime. The input data were amount of 
products, lifetime of the products and energy 
consumption for manufacturing these products.  
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FIG.  1. THE ENVIRONMENTAL IMPACTS   
FOR BATHROOM WALL (1 m2), LIFETIME 40 
YEARS. 
 
GWP: Global warming potential, AP: Acidification 
potential, NP: Nutrient enrichment potential, HT: Human 
toxicity potential TOX: Toxicity potential of chemicals, 
in the future results from the score method.  
PEM (Reduction targets adjusted Person Equivalents). 
All impacts are normalized and weighted. 
The results were calculated by using the tool Building 
Environmental Assessment Tool BEAT 2000  (Petersen, 
E., 1999) which is based on the Danish LCA model, 
Environmental Design of Industrial Products, EDIP 
(Wenzel et al., 1997).  
 
WATERPROOFING SYSTEMS 
These systems consist of a surface conditioner 
and a membrane, see table 1. 
The project assesses two waterproofing 
systems, one with a two component epoxy 
conditioner and one with an acrylate 
conditioner, both with a membrane of acrylate. 
The two component conditioner contains 
several hazardous chemicals and the acrylate 
conditioner contains some organic solvents. 
As the surface conditioners differ very much in 
chemical composition these two waterproofing 
systems were selected for assessing the 
chemicals using a score method. 
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 TABLE 1 MAIN COMPONENTS IN 
WATERPROOFING SYSTEMS. 
Surface conditioner Membrane 
Acrylate polymers * 
Bitumen  
Two component epoxy * 
Styrene-acrylate polym. 

Acrylate polymers * 
Acrylate polym.-cement 
Rubber/bitumen 
Styrene-acrylate polym.   

* Used in this project as cases. 
 
METHODOLOGIES 
In general, assessments of the chemicals may be 
done at several levels: 
• Indicating the occurrence of substances on 

various lists of hazardous substances (i.e. 
lists of substances, the use of which should 
be restricted due to their hazardousnes, 
persistence or other properties), possibly 
exclusion of these substances if they occur 
below a certain concentration, e.g. 0.1%.  

• Indicating the amount of substances in 
specific hazard categories, e.g. undesirable, 
problematic and non-problematic. 

• Screening/scoring methods (several 
methodologies have been developed 
(Davies et al., 1994)).  The European Risk 
Ranking Method, EURAM had been used in 
this project. 

• Calculation of potential impacts on human 
toxicity and ecotoxicity (due to lack of 
information and resources a detailed 
assessment is only possible for a few 
substances on the market). 

 
EURAM is developed to rank high production 
volume chemicals, which afterwards should go 
through a risk assessment. EURAM employs a 
score for exposure and a score for effect and 
these scores are multiplied. 
The principles for calculating scores in 
EURAM had been adopted for construction 
products. Scores were developed for the 
important life cycle phases, indoor environment 
and disposal phase. 
 
Indoor environment 
Score for exposure was calculated from the 
amount of substance used and some of its 
properties (vapor pressure/boiling point, 
octanol-water partition coefficient). 
  

In this project, the effect score was based on 
odour detection limit. In EURAM, the score for 
human health is based on the classification of 
hazardous substances (Risk-phrases). 
 
Disposal phase 
Score for exposure was calculated from the 
amount of substance used and some properties 
(vapor pressure/boiling point, octanol-water 
partition coefficient, and biodegradation). 
 
In this project, the effect score was based on the 
aquatic toxicity (LC50 or the like) as in the 
EURAM method. 
 
RESULTS 
Indoor environment 
Due to lack of data it was not possible to apply 
the method using odour detection limits. 
The results in Fig. 2 are based on EURAM 
method, which uses Risk- phrases for effect 
score. 
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FIG.  2.  RESULTS FOR HUMAN HEALTH USING 
EURAM-METHOD. 
The top bars show the total score, the other bars show the 
results for the individual chemicals (1 to 9). 
 
The results show that product 2 has a lower 
score than product 1. 
For comparison, the EDIP screening method 
had been employed on the same products 
As Fig. 3 shows product 2 has the highest score.   
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FIG.  3. RESULTS FOR HUMAN HEALTH USING 
EDIP SCREENING METHOD. 
The EDIP screening method is also based on 
Risk-phrases but do not include the amount of 
substance. The two methods  weight Risk -
phrases differently, for example is R 34 
(corrosive) weighted higher by EURAM 
method than by EDIP method.  
 
Disposal phase 
The results from the adapted EURAM method 
are shown in Fig. 4. It was not possible to use 
the EDIP screening method for this phase 
because lack of data to classify the substances 
for their environmental hazards.  
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FIG.  4. RESULTS FOR ENVIRONMENTAL 
HEALTH USING THE ADAPTED EURAM.  
Notice that for some substances there is lack of data. 
Fig. 4 shows that product 2 had a lower score 
than product 1. 
 
CONCLUSION 
Eco-profiles do not include all potentially 
important impacts from chemicals because 
environmental data for chemicals are 
incomplete. Furthermore, the LCA models most 
often do not include life cycle phases where 

chemicals may have impacts, e.g. indoor 
environment and disposal phase. Therefore, it is 
necessary to develop other assessment methods 
for the chemicals. 
A method based on EURAM method has been 
developed and used in these case studies. 
It can be concluded that: 
• Even in simple methods for scoring the 

lack of data limits the assessments. 
Producers/ suppliers of the products are 
reluctant to disclose data regarding the 
composition of the products.  

• Effect data are scarce. It had not been 
possible to get odour detection limits for all 
the components in the two products.  

• The effect score defined in the EDIP 
method for the disposal phase could not be 
derived, as the substances were not 
classified for their environmental hazards. 

Different score methods may produce different 
results which can give different conclusions.  
At present it seems difficult to use a score 
method due to lack of data. In the nearest future 
it may be possible in stead to list substances or 
to indicate the amount of certain categories of 
substances in ecolabelling and eco-profiles. 
However, efforts to obtain more effect data for 
chemicals and to develop generally accepted 
score method should be intensified.  
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High-lights of GBC `98 Case Study Buildings

Dr. Günter Löhnert, sol°id°ar architects and engineers, Berlin, Germany
- German National Team Leader -

Preface

This contribution is a summary presentation of the international building projects which have
been analyzed by GBA tool and documented within the GBC`98 program. The presentation will
highlight mainly the design and architectural features and qualities of the projects.

During the conference these case studies will be presented and discussed within individual
sessions during the next three days when the responsible planners and engineers of the individual
building projects will present detailed information. The main objective will then be the
assessment procedures and their corresponding results and needs for further development and
activities.
Since the conference attendants will hardly be able to join each of the parallel sessions, this
summary will give a brief overview of what they can expect during the case studies sessions.

The case study sessions always group two or three countries for presenting their projects.
Selection and configuration of the groups is primarily related to the climatic, cultural and
geographic situation of the countries.

Besides the case studies projects, attention should also be paid on the numerous and high quality
poster projects presented separately during the conference. These buildings also represent and
will complete the scope of the national levels regarding environmental and energy conscious
design. Although the buildings shown in this valuable collection have not been analyzed by the
Green Building Assessment Tool, they offer comparable architectural and environmental high
quality design solutions.

The high-lighting of selected building projects is intended to provide cross information and
assistance in pre-selecting the audience`s interest in individual case study sessions.

Main Building of Obayashi Corporation, Japan
This building was completed in 1982 and represents
98 energy conservation techniques including double
skin, solar heating and cooling, different thermal
storage systems, daylighting strategies, photovoltaic
panels  and rainwater utilization.
Building cost are about 20% higher whereas the
operating energy is only 27% compared to a common
reference building design in this country.



Overview

Regarding the overview is worth while:
Fourteen countries representing 3 continents with different cultures, building traditions, different
climatic conditions and resulting requirements for building design have collected a remarkable
set of building projects.

This collection is an exemplary reflection of the contemporary state-of-the-art considering
environment-oriented and energy-conscious design in the different countries.
In other words: the case studies illustrate the national approaches towards sustainable building
design, how it can be realized at time and what the future intentions could be.

On the other hand, we should also be aware that this scope of exemplary designs does not
represent the common design and building practice in these countries. It is almost quite the
opposite: compared to ordinary architectural design in many countries th case studies shown at
this conference are still highlighting representatives of “green philosophies” in the countries they
come from.

And it is true that more than 95% of the building volume that is been built all over the world will
still never get in touch with this scope of environmental and energy-related issues focused in the
GBC`98 program and during the next few days at the conference.

Fortunately, there is an increasing demand for the requirements on sustainability all over the
world among persons responsible including planners, architects, engineers, developers and
clients.

And hopefully, this conference will encourage further dissemination and acceptance of energy
and environmental building design. The case studies will prove that this design approach is
compatible with economical regards and does not contradict to cost-efficient design solutions.

FOCUS
Multi-Residential Swiss Contribution
An example which is ample evidence
for a successful environmental and
cost-efficient building design:
Without any extra cost for sustainability,
the clear architectural design reduces
50% of the operating energy consump
tion and the operating cost by 42%.



Building Category, Size and Type

Building categories are represented by different building volumes. The smallest project is a
residential retrofit building “Mutschellenstrasse” in Switzerland, the largest, “US Environmental
Protection Agency Research Facility” represents an office and laboratory building development
under construction containing more than 100,000 m² of usable area.

GBC`98 Case Studies Categories vs. Size and Type

Building Size (m²) 1 - 4.000 4 - 10.000 >10.000 Total Type of Building

Building Category SMALL MEDIUM LARGE NUMBER NEW RETROFIT DESIGN

OFFICE 6 5 4 15 11 2 2

RESIDENTIAL 7 3 2 14 7 3 4

SCHOOL 1 2 2 5 4 0 1

TOTAL 15 10 8 34 22 5 7

22 of the case studies are new projects and 7 projects are still under design or under construction
respectively. 5 refurbishment examples have been assessed as well. Most of the new buildings
have recently been built during the last few years and provide better conditions and a more
innovative potential for assessment results, documentation and promotion.

Nevertheless, future building refurbishment will gain importance at least in most European
countries and for densely populated areas to revitalize urban locations and neighbourhoods.

Future focus will be drawn on the huge number of buildings erected during the building periods
after World War II and during the sixties and seventies. These buildings are almost too young to
be demolished but too poor in energy and environmental building performance and quality.

WAT low energy office building,
Karlsruhe, Germany
Sustainability and innovative building
energy design approaches within
restricted cost limitations.



Characteristics of 34 international GBC`98 case studies according to building categories
(x) characterizes the building as a project under design or under construction,   * characterizes the project as (part of) retrofit design

No COUNTRY ΣΣ OFFICE MULTI-RESIDENTIAL SCHOOLS
1 Austria 2 0 1

(1)
Comparison of a typical 10
storey multi-unit residential
urban block and a suburban
luxury development (design)

0

2 Canada 3 1 Modern office building
concept addressing multiple-
tenant usage and superior
indoor environment

1 Sustainable community
project for an innovative
group of moderate-income
environmentalists

1 Replacement High School
designed as a next generation
school type of Private-Public
Partnership (PPP) concept

3 Denmark 1 (1) Design project to investigate
environmental building
performance of a common
Danish office building

0 0

4 Finland 1 0 1 Suburban project addressing
energy efficiency and
decrease of operating cost not
exceeding average initial cost

0

5 France 2 0 1 High energy efficiency
labeled multi-storey public
housing project of a national
demonstration program

(1) One of four Green High
Schools addressing 60%
energy saving potential and
selection of building material

6 Germany 3 3 Projects selected due to inno-
vative design concepts, cost
limitation, size and transfer-
ability regarding real market
conditions without funding

0 One of the case studies is
characterized by mixed use
including office, retail, shops,
apartments and kindergarden

0 One school building extension
and retrofit will be presented
as a poster project

7 Japan BCS 3 1 Typical 11-storey office tower
selected for assessment to
provide recommendations for
future design projects

1 First environmental-friendly
4-storied multi-family
development addressing
energy, health and comfort

1 Downtown Boys` School
within a typical urban Tokyo
neighbourhood focussing the
improvement of daylight use

Japan IBEC 2 2 High/low-tech representative
buildings using considerably
different strategies / systems
of environmental design

0 0

8 Netherlands 2 1* New atrium building
extension and retrofit project
focusing daylighting natural
ventilation and building mass

1* Pilot project for sustainable
and energy efficient urban
housing including social
aspects and user participation

0

9 Norway 2 1 Environmental and regional
adapted architectural design
solution for a contaminated
site at the harbour  of Horten

(1) Pioneer and reference urban
residential project for future
housing focusing on overall
ecological design approach

0

10 Poland 2 0 (2) Ambitious housing projects
developed for improvement
and trend-setting for the real
residential building market

0

11 Sweden 2 0 1* 3-storied retrofit addressing
the preservation of building
construction and the use of
sustainable material

1 2-storied building also serving
for educational purposes by
demonstration of the applied
environmental strategies

12 Switzerland 2 0 1
(1)

Very successful cost and
energy efficient housing
project for a co-operative
house building society

0

13 U.K. 2 2 Exemplary buildings designed
for remarkable reductions in
energy consumption and
serving for model projects

0 0

14 USA 5 2*
(1)

One large scale new research
building and two medium size
retrofit office conversions foc.
on resource efficiency

1 Infill townhouse and service
facilities project focusing on
minimum energy and
environmental resources

1 Energy and cost-efficient
Middle School with specific
respect on daylighting and
energy saving of 50-60%

Total 34 15 14 5



Case Study Selection

The case study presentation will highlight a selection of international buildings according to
architectural and economic features that represent examples of the different building categories
and types based upon the information about the projects which has been delivered so far.

Obviously not all buildings can be shown during this presentation and the examples in this paper
will not be the final selection for the conference slide presentation. It should be mentioned that
all case study buildings have their individual quality within the type and category they belong to
and of the importance to act as an exemplary building, encouraging and assisting future building
design in their particular countries.

Most of the case study buildings have been selected according to the following criteria:
• Scope and efficiency of energy and environmental building concept, strategies and systems
• Magnitude of innovation and exemplarity and typicality of the project
• Availability of building data necessary for the execution of GBA-tool in concert with the

readiness of project representatives to participate in the assessment procedures.

The summary building presentation will also give insight to particular design intentions and
architectural philosophies the case studies will address and which will also be reflected by the
building performance. An attempt for cost and energy considerations, comparisons and
compatibility will be done as well.

Designers` Intention and Approaches
While some of the case studies serve as prototype and / or pioneer and pilot buildings. More or
less “exotic” they will remain exceptions dedicated to be monitored and investigated for
potential future transferability. However, most of the buildings represent projects which are very
close or even meet the corresponding country specific situation of the real estate and tenants
market conditions. They show very clearly that the demand for sustainability, energy conscious
design and overall environmental approaches is increasing and supported by reasonable cost in
comparison to conventional and traditional building design. This is also true for the most of the
poster project collection.

BRE Environment Office, Garston, U.K.: Highly engineered future role
model for environ-mental office design. The building had been pre-
assessed by BREEAM with a rating of excellent. The energy and
environmental strategies include natural ventilation assisted by wind
towers, groundwater-assisted cooling, BMS, electric lighting control and
photovoltaics. Attention has also been paid to recycled concrete and
brick material from the previous building on the site.



The German national case studies, for example, focus on office buildings including one mixed-
used project. The selection criteria included energy and environmental approaches, project size
and type (new buildings) in order to get reasonable results by comparing the buildings with each
other. Moreover, the case studies should represent typical requirements for contemporary office
design such as

• energy and cost efficiency: in two cases defined cost limits had to be achieved
• transferability: the building had to dispense with public funding of building or surplus cost
• typicality: the projects should represent a typical challenge of contemporary design tasks

Planners intentions of the international case study contributions are similar in terms of the targets
on energy and environmental building design in each of the building categories.
Aside from specific criteria regarding individual functional requirements the intentions include

Scientific and technical approaches such as
• Pioneer / pilot / prototype building testing innovative building concepts and technical systems
• Transfer of technologies to an other building type or scale
• Moderate refurbishment by far-reaching preservation of existing structures

Image-related aspects such as
• Competitive reasons for individual or national image promotion
• Image setting and representation by innovation for the client and user

PRISMA Nuremberg Germany
Urban mixed use development of a new city block providing energy and cost efficient urban functions and services such as offices,
flats, retail, shops and kindergarden - a proto-typical commercial property.
The heart of the energy concept is a 15,000 m³ atrium space serving as a natural air conditioning system for pre-heating and pre-
cooling supply air for the adjacent spaces. Attention has been paid to building material, energy conservation and passive ecological
principles.



Promotion and marketing strategies such as
• Promotion of environmental building qualities towards a selected market potential
• Attempt and execution of new marketing strategies

Setting future standards by
• Investigation of building performance by monitoring
• Demonstrating that sustainability in building design is compatible with economics needs

User-related expressions including
• Creation of human living conditions by new future design and sustainability standards
• Supply of highly motivated environmentalists including social, cultural and economic issues
• Distinctive improvement of working place quality by optimization of daylighting
• Improvement of indoor climate conditions and thermal comfort

The building presentations during the case studies sessions will focus on energy and
environmental features of building design and performance. Both qualitative descriptions and
quantitative hard energy and emission data will be shown which have been the base for the
application of the GBA-tool and the assessment results.

EARTH PORT Tokyo Gas, Japan
Design philosophy of the Tokyo city
gas supply company office building
adresses “life cycle energy saving” by
energy conservation and by
optimizing natural ventilation and
daylighting. Remarkable reductions of
energy consumption and operating
cost have been paid by moderately
increasing initial cost.

Atrium building concepts provide
attractive spatial amenities for
occupants and benefit from energy
and environmental qualities:
below: PRISMA ATRIUM, Germany



Comparability of the case studies

It is almost impossible to compare buildings which have been built at different countries all over
the world and are characterised by different climatic conditions, building practices and traditions,
cultural backgrounds, social and economic systems.

Moreover, the different building categories have significantly different user profiles, and new
buildings can not be compared to retrofit building projects. While for new buildings cost and
energy calculations or determinations can easily be provided, retrofit buildings can not or only
hardly be related to reference numbers because refurbishment is a too complex and building
specific matter of design. Thus, retrofit case studies are left out of these considerations.

Nevertheless it is worth to analyse environmental-oriented new case study buildings of a
particular category versus its national corresponding reference building in terms of

• area conscious design efficiency by the net-to-gross area ratio
• energy efficiency building concept
• specific (extra) building cost for innovative design technologies and system application and
• reductions of operating cost that have hopefully been achieved by the overall design approach

The reference figures which these ratios are based on have been provided by the individual
countries and may have different sources. In some cases a virtual reference building has been
created for the specific location of the case study. Most of these determinations represent average
statistical numbers which are commonly available through governmental reports or published by
other national or federal institutions.

MULTI UNIT RESIDENTAL
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These relations serve as a suitable approach to evaluate the entire success of building in the
particular country in terms of

• economic acceptance of surplus cost for environmental strategies and system applications
• cost-efficiency of initial cost versus operating cost
• reasonability of extra cost versus energy conservation potential
• transferability to other projects within the corresponding category

Usable-to-Gross Area Ratio
The relation between usable and gross area of a building is one indicator for cost efficient design.
It describes more or less how much of the overall built volume can be used, rent and/or sold. The
higher the ratio the more economic the design.

All building categories have different average or common practice ratios which are important
planners targets as a reaction to clients` requirements. Because of the different definition of
usable area, these numbers will of course vary among the different countries. However, with
regard to this background, buildings within a certain category will give information about
individual design qualities in their countries.

Energy Performance
Energy saving potentials are characterized by overall building design, energy conservation
techniques and renewable energy utilization. The energy saving potential can be expressed by
comparing the case study building to a reference and / or standard common practice building. In
many countries this relationship will even categorize for instance low-energy-standards and
subsidizes may depend on a certain limiting number.
For case study interpretation attention has to be paid to the data base of energy determinations
whether including energy demand or actually monitored consumption, including or excluding
electricity, expressing operating energy related to use or prime energy.

Initial Building Cost
Building cost are commonly expressed in specific numbers related to usable, net or gross area.
As true as for the criteria mentioned above, building cost determinations may also differ within
the scope of countries regarding the in/exclusion of design cost and/or taxes which vary
extremely from country to country.

EKOPORTEN in Norrköping, Sweden
Multi-unit residential retrofit project
addressing overall environmental and
energy measures including energy,
land and water, material and sewage
issues.
Refurbishment of buildings is
characterized by higher energy
demands in modt cases because of the
increasing comfort level compared to
the situation before retrofit.
Thus, energy saving in retofit design is
a big challenge and has to be paid by
significantly higher initial cost for
energy and environmental techniques.



Operating Cost
The increase of operating cost becomes more and more important for building occupants. In
most countries commercial spaces are rented on net rent level excluding operating cost which
have to paid separately and which differ very much even within the same building depending on
individual user profile. Operating cost represent a wide scope of cost elements including energy,
water, cleaning and other services, waste and other charges, central technical facilities, services
and security, taxes, etc. Therefore, serious and comparable data even within one country and one
particular building category for new buildings and reference projects can hardly be obtained.
Those case studies providing numbers for this category including reference values mostly relate
to energy cost solely because it is almost impossible to indicate reference figures which cover the
whole collection of operating cost elements seriously. This matter of fact clearly shows that more
attention should be focused on operating costs which are increasingly important for the overall
success of an innovative building concept and the acceptance by occupants and clients.
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Core atrium of DATAPEC building
acting as an integral part of the
overall ventilation strategy:
Pre-conditioned fresh air supply
from hollow foundations is
transported via the atrium space

DATAPEC Office Building, Germany
The cylindric building is designed as an efficient
organisme using innovative building and climate
engineering strategies to dispense with mechanical
air conditioning for a building providing high internal
loads by extensive screen work.
Architectural and technical approaches of
daylighting, heating and ventilation concepts have
been developed collectively during a consequently
multi-disciplinary design process.
The client and user of the building benefit from this
innovative building in a many-fold way:
Reduction of initial building cost, decrease of
operating cost, remarkable energy conservation
and saving potential and the increase of working
place and indoor qualities.



Conclusion

All building examples which will be shown and discussed during this conference represent their
national and individual importance and value for the countries they come from. The projects
serve for multiplication and can be transferred to other building designs.

Last but not least attention should
also be paid to poster presentation.
These building examples have not
been analyzed in detailed by GBA-
Tool as the case studies.
Nevertheless this collection does not
diminish their architectural,
energy and environmental quality at
all. Most of the projects presented in
this collection are real highlights
setting future standards within the
building category they represent. By
this way the poster exhibition is a
high quality building documentation
and an indispensable enrichment for
the discussion and promotion of the
necessary change in design and
building culture towards future
sustainability.

Despite of the enormous effort which has been made for analysis, assessment, evaluation and
documentation of the case studies, a great deal of work will remain after this conference.
Both on the international and the national level as well as on regional and local level the
experiences of sustainability, environmental design and energy conservation must be promoted
and pushed into the field of design professionals.

Besides the already planned products such as print media and CD-ROM documentation material
it is recommended to disseminate the results and experiences of the GBC`98 program by direct
ways of interactive communication activities including
• Mobile exhibitions linked to national / regional conferences
• Organization of national. regional and local workshops addressed to clients and developers
• Support and improvement of multi-disciplinary architectural competitions

The objective and main task for all GBC`98 members will now be to develop these future
activities in their countries. The presented building projects have shown that sustainability design
is compatible with cost-efficiency. Thus, dissemination and application of information and
experiences should address planers including architects and engineers, building authorities and
municipalities, and most important: developers and clients as responsible decision makers.
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