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Research into Practice:
how applied research can underpin innovative practice
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DRAFT

Abstract The construction industry is notoriously conservative and slow to change, and until recently, only
the largest players have engaged in research. However, concerns over global warming and the need for
sustainable development, have led to substantial investment (particularly in Europe) into the research and
development of technologies and design approaches which will reduce our dependency on fossil fuels. The
application of these techniques to building projects has spread around the world, in parallel with the research
programmes, and is slowly becoming part of the mainstream, but there is a perceived knowledge and skills
gap among construction professionals, which is seriously restricting further take-up. There is widespread
understanding of the ‘need’, but alack of widespread ‘know how’.

The transfer of knowledge from research into practice is therefore vital. But thisis difficult in an industry
which habitually dislikes change, which has traditionally undervalued research and dismissed academics
asivory towered dreamers. One way of convincing critics that the ‘new’ technology is not necessarily also
risky, is by demonstrating that it is cost effective and technically viable through its application in major
projects. Attention can then be focused on the process by which innovation in low carbon buildings is
achieved.

One thing is very clear: it is no longer satisfactory to rely on previous ly acquired knowledge and
experience aone. In the last 20 years, mgjor advances have been made in both our understanding, and the
application, of bioclimatic design principles in buildings. Similar advances have been made in new and
renewable energy devices, and their integration in buildings. Strategic thinking about these issues needs to

be part of the early design pr ocess, and rigorous testing of options (using a wide range of analytic tools) is
required in order to give clients the confidence to proceed with a radical solution. Not all projects can
afford specidlist testing and analysis, but simplified techniques exist, and this is where the ‘know how’
really counts.

As aresearch led educational institution, the School of the Built Environment at Nottingham University,
has been engaged in innovative R& D and consultancy in the fields of ‘bio-climatic’ design and sustainable
energy technologies for over 15 years. Professor Saffa Riffat has developed the concept of ‘Life
Labs '(Ref), where innovative or experimental technologies are integrated within the school’s own
buildings, providing reduced carbon emissions and the opportunity to undertake experimentsin a‘ live
building. Professor Brian Ford has been involved in both research and consultancy in the application of
bio-climatic design principles in numerous projects around the world. This paper illustrates this process of
transferring ‘Research into Practice and the sometimes conflicting relationship between different
measures to reduce carbon emissions from buildings.

Introduction
It isimportant for us to look at the scale of the task that faces us, in terms o f reducing carbon emissions and

their impact on global warming. Atmospheric carbon today constitutes 370ppm compared with the pre-
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industrial concentration of 280ppm. The projection of future carbon imbalance indicates that ‘Business as
Usud’ is not an option. A strategy of avoiding fossil fuel use entirely would re-establish global carbon
balance to pre-industrial levels, but even if this may be achievable technicaly, thisis unlikely to be acceptable
socialy or economically. Current proposals suggest a target upper limit of 550 ppm by the end of the century,
athough significant climate change is aready apparent in many parts of the world, so the implications of this
limit for the following century are rather aarming. For an energy strategy in buildings to be based on
efficiency measures and the integration of renewables, both professional practice and education within the
construction industry must change. The transfer of knowledge gained from recent research, into practice, must
form part of this process. But in order for EC targets to be achieved, gaps in knowledge and skills also need
to be addressed among al who work in the industry.

Energy Efficiency

In the UK, the 2003 Government White Paper on Energy proposed reductions in carbon emissions of 10% by
2010, 20% by 2020 and 60% by 2050 (Ref). This is broadly in line with EC policy, but this implies a ‘step
change’ in both professional practice and attitudes to the way we design and refurbish buildings.

The carbon emissions from existing service sector buildings are primarily derived from the demand for space
heating and lighting. Changes in the Building regulations in the UK have begun to address this, but it is
apparent that improvements in the performance of the building envelope (ie reductions in the space heating
load), can potentially result in an increased cooling and ventilation load.

In the Queens Building in Leicester UK for De Montfort University (Sheider A. 1996), designed 15 years ago,
we reduced energy consumption for heating and lighting by 50% (from 240 kwh/m2 for a typical similar
building to 120 kwh/m2). We realized that this raised the potential risk of overheating but we avoided the
need for mechanical cooling by combining natural ventilation with a high thermal mass interior. The design
aso involved careful consideration of daylighting and solar control to the different spaces, enabling savingsin
electrical energy use as well. Over the last ten years the building has performed well and has consistently met
energy use expectations.

The Manchester Justice Centre competition proposal by Pringle Richards Sharratt uses a conceptually similar
strategy to that of the Queens building. Heating and lighting still represent the largest demands for energy. On
arestricted inner city site, a five point environmental strategy was adopted: 1) Light shelves to throw light
deep into the section, providing even illumination and avoiding glare. 2) The central atrium space and
perimeter corridors to act as therma and acoustic buffers to the internal courtrooms 3) naturally ventilated
courts via a deep floor plenum. 4) Traffic noise is reflected back into the street. 5) Supplementary cooling is
provided (when required) by borehole water.

This magistrates court resolves the necessary split between the public and the judiciary by placing the courts
between the large central atrium (public) and perimeter outward looking circulation for the judiciary.
Performance analysis indicated that total energy consumption would be reduced by over 50% compared with
typical existing magistrates courts.
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The contribution which daylight and natural ventilation can make to reducing energy useis increasingly being
recognized even in large deep plan projects which had previously been entirely mechanically conditioned.
Recent examples with which the author has been involved with include the Sydney Olympic Stadium,
Australia (completed 2000), the Duxford AirSpace aircraft museum, UK (design stage), and the Pittsburgh
convention center, USA (completed 2003).

Passive and Hybrid Cooling

In southern Europe, the combination of high ambient temperatures and internal gains will normally mean that
supplementary cooling is required. *Give info on demand for cooling - Altener proposal. If we compare the
prevalence of air conditioning in existing and new commercial buildings in southern Europe, we find that air
conditioning is, not surprisingly, very much on the increase. It aso indicates the significance and potential
value of finding energy efficient alternatives.

The | Guzzini office building at Recanati designed by Mario Cucinella (ref), promotes natural ventilation at
night to pre-cool the exposed floor dabs, and supplementary cooling is provided during the day by fan coil
units. A certain level of control is also in the hands of the occupants to open and close windows etc as they
fed fit. Of course, light is also a major driver of the design, and all office areas benefit from proximity either
to the perimeter glazing, or the central light well. Orientation is carefully considered, and although the south
elevation is highly glazed (and shaded) the east and west elevations are amost blank, protecting the building
from low altitude solar radiation. The separate elements of the building - shading, fagade, light-well, staircases,
rooflights, - articulate the environmentally responsive philosophy of the project.

In seeking to minimize reliance on mechanical cooling, various ambient heat sinks have been exploited in the
past. Both direct and indirect evaporative cooling has been exploited in the past, and there is renewed interest
in this in conjunction with downdraught towers. The application of Passive Downdraught Cooling (PDEC -
see Ford, B 1996) to the Torrent Research Centre in Ahmedabad, India (Ford,2001), was one of the first
applications of this technique. In a context where electrical energy is both expensive and unreliable, energy
savings of 65% represent a significant achievement. Thistechnique is now beginning to be applied in southern
Europe. In a speculative office project in Seville, Spain (Ford,B. 2002), PDEC was found to meet 85% of the
cooling load, and achieve a 6% capital cost saving over its air-conditioned equivaent. Significantly, this
approach simultaneously deals with problems of urban noise and pollution.

In Malta, direct evaporative cooling is only applicable for 25% of the summer cooling period, and so a hybrid
cooling system has been adopted for the new Stock Exchange (Ford,B & Diaz,C.2003). There are three parts
to this cooling strategy: 1) When ambient temperatures are high and relative humidity is low, then PDEC
operates; 2) When the interna relative humidity reaches 65% PDEC is switched off and high level cooling
coils are activated; 3) At night in the summer, when ambient temperatures drop below interna air
temperatures, vents are opened and air is driven through the building to pre-cool the building for the following
day. Temperature traces recorded during commissioning indicate that internal temperatures within the main
atrium space are stable around 23 -250C when ambient reaches 319C, athough there is also stratification.
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This project demonstrates that in large volume spaces of this kind air flow through the building can be driven
by buoyancy (and wind) forces without the need for fans and ductwork.

The applicability of PDEC to non-domestic buildings in southern Europe has been assessed as part of two EC
funded research projects: a JOULE project (ref) completed in 1999, and an ALTENER project (ALTENER
Cluster 9 Ref:4.1030/C/00-009/2000 - see Ford B & Cairns K. 2002) which was completed last year. The
Altener project has established a database on existing and new non domestic buildings in Italy, Spain,
Portugal and Greece, from which estimates have been made of the proportion of the building stock to which
PDEC is applicable. The greatest potential existsin Spain and Italy, where a hybrid system of the type applied
to the Malta Stock Exchange, could achieve electrical energy savings of 30-50kWh/m2 , which represents 10 -
20% of the total energy consumption of atypical office building. At a national scale, the technical potential
(assuming a scale of interventions from minor to full scale refurbishment) is substantial : this approach is
applicable to 70-80% of the existing commercia building stock, and in many situations will be more cost
effective than comfort cooling. Of course market barriers will limit the take-up of the technology, but for
PDEC the ALTENER study suggests that the national annual electrical energy savings could represent 1.5% -
2.5% by 2025.

This technique does not lend itself so easily to small cellular spaces, and at the Malta Stock Exchange cellular
offices are conventionally conditioned with fan coil units. However, the ‘Gravivent’ system, developed in
Germany, has been applied to cellular spaces, and we have also recently been developing ssmpler direct and
indirect evaporative cooling systems using porous panels placed within wall ducts or mounted in roof vents.
Results from laboratory testing indicate that we can achieve 30 - 40 watts cooling /m2 of panel. These systems
also lend themselves to refurbishment projects, and are applicable both to housing and offices, suggesting
substantial potential.

The use of cooling coils in conjunction with buoyancy driven air movement was part of proposals for the
cooling of concourses and atria in the competition winning entry for the Singapore Management University
campus by Edward Cullinan Architects. The supply of fresh air needs to be carefully controlled, but this
approach is clearly viable for warm humid climates.

Refurbishment - opportunitiesfor performanceimprovements.

Data on the frequency of refurbishment in different countries within Europe indicate that most commercial
buildings are refurbished every 10-20 years. The scale of intervention and modification of the existing
building will vary, but clearly there is a major opportunity to improve performance as well as making
cosmetic improvements.

Temple Way House in Bristol was built in the late 1960s and is in need of refurbishment. Located on a noisy
and polluted dua carriageway, this office building was originally air conditioned, but the system was at the
end of its life, and we were asked to find an aternative to replacement. The building is predominantly narrow
in section (approx 12metres wide), and although the east side is noisy and polluted, the west side is adjacent to
the harbour which is quiet and clean. We therefore proposed to supply air from the harbour side and exhaust
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on the east side via glazed stacks which terminated above roof level. The glazed stacks were sealed externally,
providing a thermal and acoustic buffer to the noisy road, while maintaining daylight penetration. CFD
analysis indicated that, with refinement, the idea would work. In a sense, the glazed stacks are like a partial
double facade.

Of course, overcladding with glazing to form a second facade, protects the inner facade and provides a
thermal and acoustic buffer between inside and outside. However, this approach can also give rise to
increased overheating risk, and consequent increased cooling load. Recent buildings by Renzo Piano Building
Workshop (eg at the Parc D’Or, Lyons) have resolved the overheating risk by making the whole fagade
openable using automated glazed louvers. This solution is extremely expensive and also reduces the acoustic
effectiveness of the ‘buffer zone’. Mechanical extraction of air from the cavity can reduce cavity width, but
may increase energy and maintenance costs.

An innovative porous cladding element has been developed which induces direct evaporative cooling of the
air within the cavity. (See EC Framework 5 research project EVAPCOOL Ref: ENK6-CT-2000-00346). This
innovation enables the external fagcade to be sealed (apart from small vents at top and bottom) and reduced in
width, potentially reducing the cost associated with opening facades, improving noise reduction, and reducing
the cooling load in adjacent offices. Cladding support systems similar to those used for current ceramic
cladding systems can be used for the porous panels, with asimilar loading on the fagade. Thisideais currently
the subject of on-going research.

Integration of Renewables

The integration of new and renewable energy devices in buildings is widely heralded as the means to move
from energy efficient building design to ‘Zero Energy’ building design. The contribution of renewables to
total energy usein the UK is due to increase from 3% in 1989 to 20% in 2020.

Research and Development into building integration of renewables has been a magjor feature of work at the
School of the Built Environment in Nottingham University. The ‘Life Lab’ concept has been applied to many
of the schools own buildings. The ‘Eco-House', incorporates a small wind turbine, solar chimney, PV roof
tiles, light pipe, solar water heating, a ground source heat pump, and rain water collection. The Marmont
Centre for Renewable Energy also incorporates a wind turbine, PVs, light pipes and solar water heating. The
new ‘Sustainable Research Building (SRB) incorporates a 5kW PV roof, .... (expand).. but it is the
University’s Jubilee Campus that gives the largest scale demonstration of an holistic approach to sustainable
design in its architecture. The plan links narrow teaching blocks by atria which help to drive a novel low
energy ventilation system, and incorporate PV's and other renewable energy systems. Wherever possible the
buildings a so incorporate sustainable materials.....(expand)...

The Jubilee Campus, by Hopkins Architects and Arups, is widely regarded as the world’s first ‘Green ’

campus.
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CONCLUSION

This paper has identified the pressing need to transfer research knowledge into practice, and has illustrated a
number of projects in which architects, engineers and building physicists from the school of the built
environment at Nottingham University have contributed to this process.

Bill McDonough, one of the pioneers of sustainable design in the US, has said that: “ Most architects who are
sensitive to sustainability issues try to do more with less by designing buildings that make more efficient use
of energy and resources. But is being less bad the same as being good ? Does mere efficiency meet our need
to connect with the natural world or does it just slow down ecological destruction” ? (Gissen. 2003)

It is clear that atruly sustainable built environment isnot a‘goal’ or an ‘end point’, but rather a process. And
the closer this ‘process’ mimics the natural world the more sustainable it will be. Nature is comprised of self-
regulating ecosystems which maintain a delicate interactive and dynamic equilibrium, responding to the
cycles of the seasons and of day and night. Our buildings and built communities need to cultivate a similar
dynamic equilibrium, contributing to rather than subtracting from our ability to be ‘ self regulating’. A society

with these values will not mourn the passing of the fossil fuel era.
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Government and Private Sector Actionsin Improving the
Environmental Performance of Buildings

Nils Larsson
Executive Director, iiSBE
Shanghai SB04, September, 2004

There is global interest in improving the performance of buildings. Governments want to reduce the use of
scarce resources and airborne emissions, owners want to reduce operating costs, and developers are finding
that customers are demanding higher quality and performance. Although the achievement of this goal in
different countries will require varied strategies, it is certain that all will have to make substantial
improvements in the methods used to design, construct and operate buildings. This will require interventions
by governments, but it will also require that designers adopt a different way of working.

The building industry is very different from other sectors with substantial environmental impacts. The
performance of automobiles, for example, can be improved by working with relatively few manufacturers, but
the construction industry consists of thousands of organization, ranging from very smal to very large, and
staffed by individuals whose levels of skills and training vary from very basic to quite advanced. Buildings
are aso long-lived compared to other products, and have to conform to local cultural and climatic conditions
in addition to meeting functional requirements. All of this implies that initiatives for performance
improvement must be addressed on a broad front.

This paper will confine itself to the range of initiatives that look promising in the large buildings sector
(excluding small houses) and within market economies. In addition, the discussion will be focused on
measures that apply primarily to the design and construction stages, for both new and renovated buildings.
The approaches discussed are primarily based on Canadian experience, but basic strategies discussed are of
broader interest.

A.Optionsin improving energy and environmental performance

Any discussion of building performance must recognize that designers carry out instructions provided by their
clients. Thus, an appropriate focus is to consider ways through which clients might be induced to require their
designers to strive for a higher level of performance. The range of mechanisms available include regulations
and standards, enabling measures, incentives and market change mechanisms.

Sandards and Regulations can be very effective if well enforced, but they usually define aminimally
acceptable level of performance and are therefore normally insufficient to lead theindustry towards very high
levels of performance.

The effectiveness of aregulatory approach varies greatly depending on the culture and traditionsof the region
and country in question. In Europe, for example, demanding regulations are well accepted, and the recent EU

requirement for national energy standards to be in place by January of 2006 is likely to be fully satisfied in all
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EU countries. There is also discussion taking place about a similar regulation to be passed for environmental
performance in the next few years.

The climate in North Americais very different, and regulations tend to be resisted if they cause major changes
to industry practices. Despite this, Canada has much recent experience in this area due to the development and
introduction of equipment efficiency standards and the Model National Energy Code for Buildings
(MNECB)1. Standards for equipment have been in place for severa years, and are complemented by an
equipment labeling program called EnerGuide, which provides information about the energy performance of
the item under normal usage conditions.

The EnerGuide program is about to be supplemented by the adoption of the Energy Star program (originaly
from USEPA), which identifies the top-performing equipment in each category.

The design of the MNECB regulatory package for buildings is sophisticated, since it allows for both default
minima and a simulation path for compliance, and also takes into account energy costs and incremental
construction costs within a life-cycle cost formula. Studies have shown that the MNECB is approximately
congruent with current good practice but, despite this, only a few jurisdictions in Canada have adopted it
because of industry resistance. Thereis currently a move afoot to update the MNECB.

The difficulty of implementation reflects a peculiarly North American context, where regulations have
traditionally confined themselves to issues of life safety and health. Any extension of the regulatory sphereis
therefore considered by the North American industry to have validity only if measures reflect a strong
consensus on a minimum level of action. This, combined with very low energy prices over the last decade,
have made it difficult to build a consensus for strong action in the area of energy. Nevertheless, the MNECB
isgradually taking root, but at alevel of performance which isrelatively unchallenging.

What may be called enabling measures, such as the development of guidance documents, design tools, and
training programs, are also necessary components of agreen building strategy. Such measures tend to be used
by those in the industry who are already convinced of the need for high performance, and so they tend to have
limited penetration, but some recent developments in design process support tools show promise (discussed
later in this paper).

Demonstration projects fill a very important part in convincing the relatively conservative construction
industry that modern processes and technologies can bring benefits. Where demonstrations fail, this is
possibly even more useful, although there is a tendency to sweep such findings under the carpet. The C-2000
Program is currently the only available nationa demonstration program for high-performance buildings in
North America.

Financial incentives are of interest, since a financial inducement is likely to be effective in an environment
where financia return is a primary objective. One example is a program called Commercial Buildings
Incentive Program, or CBIP. For buildings passing the threshold of 25% improvement over MNECB
requirements, this program provides incentives of two times the projected energy costs savings of the building,
up to a maximum of $60,000 CAD. More than 1,100 projects are now enrolled in the program and it is well
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received by the industry. For all the success of CBIP, however, the fact remains that to extend the program to,
say, 25% of the new building production would not be feasible because of the total costs involved.

Another national Canadian program uses financial support at a more strategic level. The Energy Innovators
Initiative was launched in 1992, and is intended to influence eight strategic sectors in the industry by
providing financial support to large organizations that own very large buildings or a large number of similar
buildings. The program engages corporations at the CEO level through an agreement that provides support
for the development of a corporate-wide energy efficiency strategy, and also pays for part of the cost specific
performance improvements in a pilot building that can be replicated in other similar buildings later. This
approach is a very effective way of changing the industry, since the targeted mgor organizations have
considerable influence in their own sector. Over the past three years, about $ 9.2 million CAD was provided
to 52 organizations, resulting in an aggregate CO, reduction of 175 kt per year.

The Federal Buildings Initiative (FBI) applies the principle of energy performance contracting to buildings
owned by the Federal government. In the performance contracting approach, specialized energy companies
estimate the energy that may be saved in existing buildings through the upgrading of lighting, the building
envelope, equipment and other energy-consuming elements. The contractor finances the work and is repaid
through savings in energy costs. The FBI program uses the approach in government buildings, and has been
operational since 1991. The current program emphasis is on the reduction of energy consumption, and on the
use of "green" energy sources. Some 70 contracts are in place, covering about 6,500 buildings that yield an
annual energy cost saving of about CAD $26 million.

The question remaining is what measure(s) might be implemented in addition to the existing repertoire of
programs, that would move all or most of the industry playersto reach significantly higher performance levels,
and in a broader range of performance issues than just energy.

In the field of commercial building, developers and owners are very sensitive to market signals, and if
measures could be developed to affect market demand in the right direction, they would certainly pay close
atention. The first part of a solution is to convince actors on the demand side (investors and tenants) of the
advantages and need for improved energy performance and reduced emissions. This will be an on-going
matter of information and education, which will not be dealt with here.

The second part of a market demand solution is relevant, however. The fact is that even those investors and
tenants who are already convinced about the need for high performance, do not generally possess the
knowledge to define their needs in a clear way. In fact, even building professionals disagree on the exact
meaning of performance, so it is not surprising that non-specialists are in an even worse position. It is clear
that we need to develop mechanisms, to allow users to differentiate between buildings of varying performance
levels. In other words, if an investor or tenant wants to buy or rent a high-performance building, then we must
give him away of identifying which buildings meet his needs. Methods and software (which we refer to as

"tools") for performance assessment and labelling can fill this need.
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B. A Closer View of Two Programs

The commercia buildings industry is driven almost exclusively by considerations of capital cost and return on
investments. This fact, combined with the very low cost of energy during the 1990's, make it difficult to
move the industry towards very high levels of energy performance.

Two programs from Natura Resources Canada have previously been mentioned as being of relevance.
Highlights of each, as of March, 2002, include:

Program C-2000 Program CBIP Program
Number of projectsto date 9 built or underway, 13 designed 1271 underway, 239 complete
Annual Budget Approx. $200,000 CAD Approx. $6 million CAD
Performance areas Energy consumption Energy consumption
Environmental Loadings Greenhouse Gas emissions
Indoor environment
Functionality
Energy target 45%-50% better than MNECB 25% better than MNECB
Current incentive/support Varies from $5k to $25 k 2 times annual predicted energy cost
saving, up to $60 k
Comments MNECB stands for the Model National Average performanceis 32.2% or 100
Energy Code for Buildings KWh/m? better than MNECB. Average
GHG savings are 24.9 kg/m? per year.

Figurel Overview of Characteristics of C-2000 and CBIP Programs

The C-2000 Program

The C-2000 Program was designed in 1993 as a small demonstration of very high levels of performance.
Even though it was aimed at a select group of clients known to have an interest in high performance, it was
assumed that some level of financia 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 devel opment process was
very much open to question.

C-2000 technical requirements cover energy performance®, environmental impacts, indoor environment,
functionality and a range of other related parameters’. 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 dliding scale ranging from 7% in large
projectsto 12% in small projects.

The first two C-2000 projects received support according to this formula in the range of $400,000 to
$750,000 CAD, and funding of this order of magnitude was also planned for subsequent projects. However,
after the first six projects were designed and two of them 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

1 Atthetime, 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 Reguirements, N. Larsson Editor; Natural Resources Canada; Ottawa, October 1993, updated April 1996.
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and expensive technologies than anticipateds. A careful investigation of the first two C-2000 projects
constructed, Crestwood 8* and Green on the Grand®, 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 reached.
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. The C-2000 process is
now called the Integrated Design Process (IDP), and most project interventions are now focused on providing
advice on the design process at the very early stage. Over 10 projects have been constructed on this basis, and
al have achieved the C-2000 performance requirements, or have come very close, and capital costs have been
either dightly above or dightly below base budgets.. The most hopeful sign that the IDP approach is taking
root is that several owners have subsequently used the same process for buildings that have not benefitted
from any subsidy.

Specifically, the following C-2000 requirements have proven to be important:

- 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;

- The provision of other specidists, e.g. for daylighting, thermal storage etc., for very short consultations by
the design team during the early design stage;

- 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 akey 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 facilities the task of having the client and design team reach a
consensus on the relative importance of various issues. The C-2000 IDP process’ is now being used as a

model for development of a generic international model, by Task 23 of the International Energy Agency, and

3 Theconservative preferences of designersis based primarily on their perception that they might face legal liability
problems if they use exotic and unproven technologies.
Technical Report on Bentall Corporation Crestwood 8 C-2000 Building, April 1996, CETC, Natural Resources Canada.
Technical Report on Green on the Grand C-2000 Building, April 1996, CETC, Natural Resources Canada.

See Appendix 2 for a graphic representation of the IDP process
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discussions are underway with the Royal Architectural Institute of Canada (RAIC) to seeif the process can be
accepted as an adternative form of delivery of professional services.

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 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.
Specificaly, 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 retained’.

The funding available for the CBIP Program was established as two times the predicted annual energy costs,
with a maximum incentive level of $60,000. An analysis of preliminary results in the CBIP Program
presented in Advanced Buildings Newsletter®, 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 level of typical incentive payments has increased considerably during the last year
because of increasing fuel prices.

The CBIP Program has been well received, as a 1999 survey of 35 owners indicated”. Respondents indicated
their estimates of changes in design time, design cost and capital cost, al compared to the buildings they
normally construct. The estimates indicate only a margina increase in design time and cost, while the
estimate of capital cost increase was 6.2%, relatively modest considering the on-going energy savings costs.
It must be recognized that estimates of design time and cost variances are bound to be relatively crude
(respondents indicated an average estimate of error range to be +/- 10%); but the important thing is that 33 of
35 respondents said that they would use the program again.

As of November 2002, 1271 Expressions of Interest had been filed, and 239 buildings had fulfilled the
performance requirements and received a total of $11.9 million in incentives. Owners currently report
average predicted operating cost savings of about $3.62 CAD per m?, relative to MNECB reference buildings.
Through the life of the program, a cumulative total of about 36,300 tonnes of GHG emissions have been
saved.

It should also be noted that the C-2000 and CBIP Programs are often combined, so that aimost al new C-2000
Projects aso participate in the CBIP Program. Current C-2000 projects currently receive total financia

assistance in the range of $5,000 to $25,000 during the design process only, a considerable reduction from

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 Commercia Buildings Incentive Program, Rich Janecky and Nils Larsson, Advanced Buildings
Newsletter Number 22, September 1999, Green Building Information Council, Ottawa.

9 See Appendix 1
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past support levels. However, the combination of programs results in customized support and a tota
maximum available financial support of up to $80,000 or $90,000 for a small number of projects each year.
Recently a third element has been added to the program mix. The Renewable Energy Deployment Initiative
(REDI) has been established by NRCan to promote the adoption of renewable technologies, and program staff
has developed software that provides an assessment of the technical and economic potential for renewable
energy technologies. Both C-2000 and CBIP staff are now encouraging consideration of renewables at an
early stagein their projects.

C. Performance Assessment and L abeling Systems

During the last ten years considerable research has been focused on the development of systems to assess the
environmental performance of buildings. Severa of these systems have gone the next step, to result in a
labelling system that indicates clearly the building's approximate performance to end users. It is best to say
"approximate", since building performance includes many factors, only some of which are measurable in an
exact sense.

Existing assessment and labeling programs

The best-known existing system is undoubtedly the Building Research Establishment Environmental
Assessment Method (BREEAM), developed by BRE and private-sector researchers in the U.K. This system
provides performance labels suitable for marketing purposes, and has captured around 15% to 20% of the new
office building market in the U.K. A spin-off system, BREEAM Canada, has been adapted to Canadian
conditions, and a North American version is now being developed. Meanwhile, the LEED system has been
developed in U.S.A. and is now being implemented by the US Green Building Council, with strong support
from U.S. government agencies and private-sector organizations. Several other systems (largely inspired by
BREEAM) are in various stages of development in Scandinavia, Hong Kong and elsewhere. There are also
more specialized systems of interest that are more closdly tied to Life Cycle Assessment (LCA), including
ECO QUANTUM (Netherlands), ECO-PRO (Germany), EQUER (France) and Athena (Canada).

Why is there so much interest in this area? The main reason appears to be that researchers and government
agencies are viewing performance rating and labelling systems as one of the best methods of moving the
performance benchmarks in the marketplace towards a higher level of performance. There is a growing
realization that a major jump in performance levels, at least in market economies, will depend on changesin
market demand, and that such change cannot occur until building investors and tenants have access to a
relatively simple method that allows them to identify buildings that perform to a higher standard.

The advantages of having a global standard for building performance assessment and labelling cannot be
over-emphasized. If meaningful information about performance is to be exchanged between countries, then a
uniform definition of performance parameters must be developed, even if the calculation tools providing data
on, for example, energy consumption and emissions, vary between countries. Further, the rapid growth of
global corporations, and their desire to work to a common standard, give this work a significant commercial

importance in the medium term.
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The Green Building Challenge Process

Canada is currently leading a process caled Green Building Challenge (GBC), a consortium of fifteen to
twenty countries that are developing and testing a new environmental performance assessment system. The
GBC project is an attempt to develop a second-generation assessment system; one that is designed from the
outset to reflect the very different priorities, technologies, building traditions and even cultural values that
exist in various regions and countries. In order to use the system, national teams must first adjust the values
and weightings embedded in the system, thereby assuring results that are relevant to local conditions. The
direct output of this process will be primarily at the level of R & D; specifically, a thorough understanding of
issues involved in designing such a system, as well as a continuing exchange of ideas on the subject by the
best researchersin the field. However, public- and private-sector organizations will be encouraged to use the
results to develop a new generation of commercial labelling systems, and this is expected to have positive
practical results in the near term for industry applications in Korea, Hong Kong, Canada, Japan and several
other countries. Those European countries that are already developing their own systems are using the GBC
process to exchange ideas and to improve their own systems, and GBC has already influenced the recent
version of BREEAM ' 98.

The project has consisted of three stages to date: an initial two-year process, which culminated in a major
international event in Vancouver in October 1998; a second two-year process of development, the results of
were displayed and reviewed at the SB2000 conference in Maastricht, the Netherlands, in October 2000, and a
recent phase that culminated in SB02 in Oslo, in September 2002. Attendance at these events has climbed
steadily, and more than 1000 delegates attended SB02. Each phase of research and development consists of
two technical meetings per year, followed by a seminar to alow local professionals and academics to sharein
the work. The next SB Conference will be held in Tokyo, in September, 2005.

The assessment framework has been produced in the form of software (GBTool) which facilitates a full
description of the building and its performance, and also alows users to carry out the assessments relative to
regional benchmarks. Participating national teams test the assessment system on case study buildings in each
country.

The GBC process was initiated and led by Natural Resources Canada during the 1996-2000 period. Although
some direct financial support was provided by Canada to national teams during the first phase, Canadian
contributions were limited to central coordination and system development during the second phase. Thus,
each participating country is now expected to finance its own participation in meetings and for testing the
system at home. As of January 2001, a new organization, the International Initiative for a SQustainable Built
Environment (iiSBE), took over international management and development of GBC. The organization is
being assisted in its work by contributions from Natural Resources Canada, the U.S. DOE, the Japan Ministry
of Land, Infrastructure and Transport, and the Sustainable Energy Authority of Victoria (Australia).
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Predicted performance results based on

GBTool 2005 information available during Design Phase

i i i Select rel it life-cycle ph: in bl H
English Interface Megaplex Project, Spain e Design Phase
Relative Performance Results Key Facts About This Project
" . Amortization rate for embodied energy of
Best Assumed life span is set at 75 years existing materials is set at 2.5 percent.
practice O . . .
47 percent of an existing structure is being re-
Default GBTool weights are used used; this is 45 percent of the total project
area.
4 With current context and building data, Max. potential
the number of active low-level 80 low-level 93
parameters is: parameters:
Active low-level
The number of low-level mandatory 5 mandatol
i i ry 14
Pr;:?i?:g 3 with a score of less than 3 is: parameters:
To see a full list of issues 0
go to the Issues worksheet; Active Weights W:C'g:'et:d
to alter weights, go to the Weights worksheets.
2 " " " "
Site Selection, Project Planning and 0,
A Development 10% 2.3
B Energy and Resource Consumption 25% 1.5
1
C  Environmental Loadings 25% 1.3
D Indoor Environmental Quality 15% 2.1
Practice 0 T T T T T T K
Functionality and Controllability of Buildin:
A B c D E F G £ ty ty g 5% 16
Systems
Performance Issue Areas F Long-Term Performance 10% 1.9
. . o
Design Phase scores indicate Potential Performance as predicted by an assessment of G Social and Economic aspects 10% 2.2
building features and plans for construc_tion and operation that are developed during the
design process. Total welghted building score 17
Absolute Performance Results
By area By area & occupancy
1 | Total net consumption of primary embodied energy, GJ 2.1GJ/m32 0.5 Gd/nf*maph
2 Net annualized consumption of primary embodied energy, MJ / year 28 MJ/mZ 6| MJ/nf*maph
3 Net annual consumption of delivered energy for building operations, MJ / year 81 MJ/m3 18| MI/n*maph
4 | Netannual consumption of primary non-renewable energy for building operations, MJ / yr. 88 MJ/m 19| MI/nf*maph
5] Net annualized primary embodied energy and annual operating primary energy, MJ / year 116 MJ/m3 25 MJ/nf*maph
6 | Total renewable energy used for operations, MJ / year 8.3 MJ/mZ 1.8 MI/nf*maph
7 Net annual consumption of potable water for building operations, m3 / year 0.6 m3/mZ 0.1 mP/nP*maph
8 | Annual use of grey water and rainwater for building operations, m3 / year 0.05 m3/mZ 0.0|m/nf*maph
9 | Netannual GHG emissions from building operations, kg. CO2 equivalent per year 66 kg./m2 14| kg/nf*maph
10 | Swing range of temperature in naturally ventilated primary occupancy areas for more than 90% of occupied hours, deg. C 2.6deg.C
11 | Proportion of gross area of existing structure(s) re-used in the new project, percent 47 percent
12 | Proportion of gross area of project provided by re-use of existing structure(s), percent 44.9 percent

Figure2 Resultsof a GBC assessment, showing absolute performanceindicatorsin thetop table and relative

performance bar chartsbelow.

Assessment and labeling programsin Canada

The description of the very active GBC process might lead to the conclusion that the GBTool system will be
implemented in Canada. Thisis not the case, because of a variety of historical and geographic factors. First,
a Canadian version of BREEAM was developed in the 1990's, and a successor system, BREEAM Greenl eaf,
is used by several government departments and by the Canadian Hotel Association. The firm responsible for
these systems has now developed a web-based system called Green Globes.

A second important factor is the unique situation of the small Canadian industry, adjacent to the huge U.S.
market. Many would argue that the building industry is a North American one, at least in some vital sectors.
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In any case, developments in the U.S. have a major impact on the Canadian industry. A case in point is the
LEED assessment programlo, developed by the U.S. Green Building Council (USGBC). This program is
enjoying avery rapid growth rate in the U.S., and many Canadian professionals are pressing for its delivery in
Canada by a Canadian organization, as an aternative to joining the U.S. organizations. Towards this end,
several governments in British Columbia paid for the development of a LEED version suited to BC conditions,
and a group of professionals in British Columbia have founded a Canadian Green Building Council.
Meanwhile, two federa departments and a gas utility funded the development of Canadian version of LEED,
developed by the Athena Institute™. How quickly or to what extent the LEED system grows in Canada is not
yet clear, but it is certain to have a mgjor impact.

D. Defining Perfor mance

We must now define the type of performance improvements that are required to make buildings more "green".
Beyond the obvious issue of energy consumption and GHG emissions, other factors are normally included in
a performance framework. The work of IEA Annex 31 and the international Green Building Challenge (GBC)
process provide useful results for this analysis. Most of the information provided in this section derives from
the GBC process.

The GBC framework includes criteria for Context factors (not rated), Resource Consumption, Environmental
Loadings, Indoor Environmental Quality, Service Quality, Economics and Management. The framework
follows an approach used in many other systems; to cover a broad range of performance issues in order to
make it more relevant to the industry. Advances in al of these issue areas have aso been shown in other
assessment systems to be a necessary part of the solution, if they are to be accepted by the industry.

There is a consensus emerging amongst researchers as to the nature and exact definition of the issue areas
outlined above. This may lead to the impression that there is also a consensus on the range of criteria that
should be included in a working system, which is far from true. Within the GBC, for example, opinions have
ranged across the spectrum, from those who would like to see only a core set of green issues included, such as
Resource Consumption and Environmental Loadings.

The current assessment parameters included in GBC now include the following issues:

* Context Factors (not rated)

* Energy and Resource Consumption (hon-renewable energy, land, water, materials)

« Environmental L oadings (greenhouse gas emissions, air pollution, ozone depletion, solid waste, liquid waste,
effects on adjacent properties)

« Indoor Environmental Quality (air quality, therma comfort, daylighting, lighting, acoustics,)

* Functionality

* Long-term performance

» Socia and Economic Factors

10 See www.usgbc.org
™ The reports can be downl oaded from <www.athenasmi.org>
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The current phase of work within the GBC process will extend to 2005, and the focusis on

reviewing and improving the methodol ogy, including the boundaries of the framework, and the

development of better methods to establish indicators, weightings and benchmarks. The focusis

now on the development of a new software tool, one that will easier and quicker to use, while

providing results of sufficient detail.

Performance targets and Regional Variation

The previous section has outlined the type of system that may be helpful in increasing the market demand for
high-performance buildings. However, such systems need specific performance targets to be meaningful.

The experience of all system developers has clearly shown that the relative importance of performance issues
varies greatly from region to region. Thisis not just a matter of climate and material availability, but also
links to issues of building traditions, cultural and sociology. For example, modern office buildings in Europe
are often built with narrow floor plates (distance between exterior walls on a typical floor) and with natural
ventilation, whereas their North American cousins tend to have very deep floor plates, sealed windows and
full mechanical air conditioning. Some of this can be attributed to climate - for example, summertime relative
humidity tends to be higher in continental N.A. regions relative to coastal European ones. However, it also
reflects a much stronger preference in Europe for daylighting (which needs narrow floor plates) and for
natural ventilation. It aso reflects a willingness of office workers in some European regions to willingly
tolerate more deviations from a temperature and RH comfort zone. It must also be noted that Europeans are
generaly willing to spend more on their buildings than are North Americans. This has a mgjor impact on the
expectations for building performance that again affects the way that it will be assessed.

To give an example, we could compare two new office buildings, one Canadian and the other Swiss. The
annual energy consumption (heating, cooling and electricity) for the Canadian might be 125 kWh/m?, while
the Swiss building would probably perform better, say 90 or 100 kWh/m” These two different energy
consumption figures mask a large number of interesting and relevant issues, with mgjor environmental
consequences. A short and partial list of examples includes:

- Strong preferences for natural daylighting leads to a narrower floor plate of the Swiss building and an
emphasis on windows, exterior shading and light shelves to reduce glare. Given good lighting controls, this
leads in turn to reduced use of electric lighting during the day, which reduces electrical consumption. On the
other hand, the deeper floor plate (a more sgquare shape) will give the Canadian building a shape that
minimizes the surface area to volume ratio and hence makes it easier to optimize energy performance.

Strong preferences for natural ventilation in Switzerland leads designers to use natural ventilation
approaches, to the extent possible, while the North American tradition in office building design is to
mechanical cooling and ventilation. A natural ventilation approach affects indoor air quality and thermal
comfort, and workers in the two countries differ in their willingness to tolerate short periods of thermal

discomfort.
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- There will be differences in environmental impact, due to the fact that the Canadian building probably uses
electricity generated by a mix of coal, hydro and nuclear sources, while the Swiss building probably obtains
its electricity from generaly "green" (e.g. low environmental impact) sources. Material sources will also
greatly affect their embodied energy.

Do al the differences outlined above mean that the Canadian designer and builder are not as good as their
Swiss counterparts? The answer is that both sides are bound by certain conditions and traditions that they have
to work with, and a successful assessment system must allow local users to adjust scores through weightings,
so that the different priorities can be respected in the results.

Environmental performance indicators

While regional values and differences are certainly important, the GBC process has shown that a need to
make direct comparisons remains. Thus, a series of six "environmental performance indicators' have been
added to supplement the relativistic assessments.

E. Improving the design process

The introduction to this paper noted that enabling measures, especialy design support tools, could play a
useful role in moving the industry towards higher standards of performance.

The design process is important because the initial design of a new or renovated building will largely
determine, for better or for worse, the subsequent potential performance of the building over its service life.
Building operators and users may degrade performance, but it is difficult for them to markedly improve the
performance of a badly-designed building. Research and field experience has also shown that the greatest
potential for performance improvement occurs very early in the design process. Current efforts are therefore
largely focused on integrating the efforts of architects, engineers and others, and on providing guidance,
training and support tools during the very early part of the design phase.

A
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>

Schematic  Design Contract Construction
Design Development Documentation

Figure3 Graphic representation of Pareto Principle applied to intervention in the design process

Much of the work in this area is focused on technical calculation or simulation software, including tools to
simulate energy performance, emissions, air quality and thermal performance. One of the areas of most rapid

development is in the development of models to carry out life-cycle assessments (LCA), and there will soon
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be a series of such tools available to designers. The work of IEA Annex 31 has been important in identifying
tools relevant to the energy aspects of building performance assessment systems, and the results of this Annex
will soon become available.

There is aso a high leve of current interest in design tools to assist the effectiveness of the design process
itself. Research in this area in Canada goes back 6 years, through the activities of the C-2000 demonstration
program. The program managers were expecting that projects meeting the demanding performance criteria
(including a 50% improvement in energy performance) would have to include a wide range of the latest
technologies. In fact, while technologies were certainly up-to-date, al participants agreed that the most
significant help in reaching the performance targets were the changes in design process required by the
program. These included an integrated design process (architects and engineers working together from the
beginning of the concept design stage), the provision of support specialists and the identification of
performance targets by the team. These findings are now being formalized in the form of software support
tools. One of these is a shortened version of the GBC tool intended for use in concept design stage

performance assessment. The tool has been field tested in two projects to date with considerable success.
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Figure4 Graphical representation of part of the I ntegrated Design processin the C-2000 Program.

Canada is, of course, only one of the many countries with an interest in improving the design process. One
group with an interest in integrated design is the U.S.-based Bild-IT organization, which is developing (in
close cooperation with the 1Al) a series of software tools to support integrated design within the HYAC
industry. Task 23 of the International Energy Agency (IEA) is investigating the relationship between the
design process and the adoption of active and passive solar technologies. More than 12 countries are involved
in this Task, and existing design protocols are being investigated and a number of case studies documented.
One product of the Task is a Multi-Criteria Decision-Making tool (MCDM-23) that is intended (as is C2k-A)
for early performance assessments.

More effort is needed to develop support tools for renovation processes, and many researchers are now

beginning to focus on this need. A barrier to rapid improvement in this area is that, while one can generalize
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about certain features of new building design, renovation projects tend to be unique. Nevertheless, there is
progress, especially in cases where a significant stock of buildings share similar characteristics, such as post-
war European housing, Chinese housing projects, or 1960's Canadian office buildings.
An evident need, from the practitioner's perspective, isto integrate and to simplify tools. Thisis, of course, at
variance with the demand for tools to address an increasingly complex range of issues, but many researchers
are now focusing on this problem through, for example, the ADELINE and Building Design Advisor
platforms. In addition, the work of the International Association for Interoperability (IAl) islikely to result in
major improvements in the ability of various software tools to exchange data with each other.
F. Regional and Local Considerations
The previous discussion has dealt with performance issues at a genera level. Turning policies and programs
into reality requires consideration of what implementation methods may be most effective.
At first glance it would appear that national measures, such as tax credits or national programs (the CBIP
example), would require only a single and centralized point of control in a country. However, the process of
building, requires consideration of climate, the site, locally-available building materials and products, loca
availability of skilled tradesmen, and local regulations. In contemporary terms, we may speak of very
different building markets. Certainly we have found varied implementation patterns for C-2000 and CBIP in
various regions of Canada, with widely different rates of program take-up and modes of application.
As we move more and more into green building, many new issues have become important, and most of these
have an important regional or local component, such as information about:

e thetype of regional energy sources and their emissions;

e gpecialist consultantsin the region;

e materials and products available for re-use;

e embodied energy and emissions of materials and products in the region;

e detailed performance data on existing buildings in the region
It may be argued that information about all these issues could be gathered and retained at a nationa level, but
the sheer volume of data, and the need to work closely with local industry representatives to gather it, would
make such an approach unworkable. In addition, if a performance rating and labeling program is adopted,
regional centers are required to train assessors, to undertake assessments and to issue labels.
All these factors indicate that regional or local building centers, operated on a non-for-profit basis, are likely
to play acrucial rolein the promotion of green building practicesin the future.
G.Conclusions
Although programs have been developed to provide incentives for the industry to move towards high
performance, experience shows that they are far more effective when the client is convinced that there will be
amarketing advantage in following this path.
A building that has undergone a design process that results in a high level of energy efficiency islikely to be
of higher quality, and will have lower operating and maintenance costs. Capital cost and design time
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increases are modest™?, and such buildings have been shown to attract desirable tenants. All these factors are
very likely to combine to result in a higher long-term asset val ue®,

For designers, use of the Integrated Design Process offers many engineers to become involved in the early
design stage of buildings for the first time; and architects are learning valuable new skills. When this is
combined with the incentives available, it is difficult to see any obstacles to widespread participation.

When labeling systems are widely available, more definitive proof of the importance of high performance will
be at hand and poorly-performing buildings will hopefully become relics of the 20" Century.

12 Incremental Costs in the C-2000 and CBIP Programs; N. Larsson and J. Clark, March 2000, Building Research and
Information.
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Measuring Performance in sustainable-building design

Benson Lau — WSP Environmental

Abstract In recent years, the awareness and interest in eco-friendly building in China has increased. This is
partly due to the central government’s effort in promoting sustainable development, but the catalyst for the
‘green shift’ is mainly due to the energy shortage in the major cities of China.

In response to this problem, measures like limiting demand via pricing mechanism, introducing cooling limits
and blackouts in the cities were introduced. All these measures to a degree can be effective, but one particular
measure which has not been well identified and implemented is minimising energy demand through
environmentally friendly building design.

Use WSP Environmental’s two recent projects in China, this paper explains how environmental design can be
carried out as an integral part of the design process and most important of all, how building performance can
be measured.

Key Words Eco-building design Energy Efficiency Building performance assessment

Eco-building Architects —SRIBS in-house design team and P&T Architects and Engineer companies

Environmental Design and Engineering — WSP

WSP

33



1. Introduction

In recent years, the awareness and interest in eco-friendly building design in China has increased. This is
partly due to the central government’s effort in promoting environmentally friendly design. But the catalyst
for the ‘green shift’ is mainly due to the energy shortage in the major cities of China.

According to a recent article in the South China Morning Post, the Yangtze region expects massive power
shortages this summer and the river delta cities have already hit by blackouts as authorities impose restrictions
to conserve electricity for essentials. Shanghai and the provinces of Jiangsu and Zhejiang combined are
expected to face an estimated shortfall of 10 million to 15 million kilowatts. The state media reported that
overall, the mainland would have a shortage of 20 million kW in the second quarter and a shortage of 25
million to 30 million kW in the third quarter.

In response to this energy shortage, at a State Council meeting in the first week of June, Premier Wen Jiabao
called for steps to ease the country’s power shortage by slowing the economy and improving management to
limit demand. Officials are also urging people to stop wearing suites and other formal attire in the hot summer
months, so air-conditioners can be turned down and money saved. Other measures include limiting demand
via pricing mechanisms, introducing cooling limits and blackouts in the cities.

All these measures, to a degree can be effective, but one particular measure which has not been well identified
and implemented is minimising energy demand through environmentally friendly building design. WSP’s
recent joint project with the Shanghai Research Institute of Building Sciences (SRIBS) and the Hong Kong
Joint User Building are two examples demonstrating how integrated environmental design approach can help
designers design environmentally responsible buildings.

2. Project No. 1 SRIBS Eco-Officeand Laboratory Building

2.1 Project Background

This project is a national level demonstration building comprising offices and laboratories for the Shanghai
Research Institute of Building Science (SRIBS). The history of this project is unusual; WSP was
commissioned to provide environmental design advice after the building foundation had started on site.

The building design was carried out by SRIBS in house architectural department. The building services and
structural design were also designed by the in house engineering team with support from the Department of
Building Science and Technology of Tsinghua University School of Architecture.

As a well established research institute, SRIBS has a young and energetic team comprising of scholars and
engineers from different engineering disciplines. They are eager to acquire new knowledge in environmental
design and willing to experiment with advanced environmental technologies.

Since this is a demonstration project, trial and error is part of the design process and experimentation on
different renewable technologies will be carried on even after the building is occupied. The end goal of this

project is to design a site specific natural ventilated and natural daylit office and laboratory building (Figure.1).
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Figurel Theproposed SRIBS eco-building in Shanghai (source: SRIBS)

2.2 Measuring Building Performance

Since the WSP team did not participate in the front end design, instead of re-doing the performance analysis
already conducted by the SRIBS team, we identified the key areas where assistance is needed and agreed with
the client to provide support on the environmental design review, daylighting and solar control analysis and
environmental cost benefit analysis.

The climate of Shanghai is very different from that of London, as an external consultant, the first task for the
WSP team to tackle is conducting a detailed site microclimate study to identify the environmental design
opportunities and constraints. One important question we have to answer is whether natural ventilation is
feasible under the Shanghai climate and if this is possible, when can this be introduce to the building.

2.2.1 Climate analysis

Shanghai has marked seasonal variations with summer season combining high temperature (up to 38°C) and
high relative humidity. The winter is cold and humid with temperature reaching -6°C and relative humidity
ranging from 30% to 100%. The prevailing wind mainly comes from south east in summer and north west in
winter with wind speed varying from 2-4m/s.

Under such a humid context, developing a natural ventilation solution in the summer months is a challenge.
Also setting a site specific environmental design criteria is another important task. With the help of the SRIBS
team, the internal resultant temperature was set not to exceed 27°C for more than 5% of the occupied office
hours. In closed temperature controlled spaces such as laboratories and computer rooms, operational criteria
were set by the SRIBS team.

Based on these criteria, it was identified that the cooling loads between March to mid-June and between
August to December can potentially met by natural ventilation, thus substantial amount of energy for air-

conditioning can be saved (Figure 2.1).
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Figure2.2 Theclimatic analysisidentifying the feasibility of natural ventilation

2.2.2 Climate analysis and Ventilation Strategy

To quantify the thermal performance of the building, WSP team conducted detail dynamic thermal analysis by
using advanced simulation programme. The results of the analysis indicates that a mixed mode control
strategy combining use of natural ventilation and mechanical cooling, where the mode selection is controlled
through a centralised Building Management System is an appropriate environmental control strategy.
Typically, natural ventilation would be used in times of the day and the year when cooling is required and the
outside temperature is lower than the internal temperature. When this changes, the system would switch to

mechanical cooling mode (Figure 2.3).
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Figure 2.3 Schematic section showing the natural ventilation mode
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2.2.3 Daylighting Performance Assessment

Another important aspect of the building performance analysis is the daylighting and visual comfort
prediction. This is one of the areas that most building designers have not given enough attention to. Working
closely with the SRIBS engineers, WSP team constructed a virtual daylighting model and carried out a detail
daylighting and solar control study. The simulation results indicated that the internal atria coupled with
properly sized openable windows and sun shade in the proposed building brings in adequate daylight even
under overcast sky condition. As a result, the reliance on artificial lighting can be reduced and visual comfort

can also be improved (Figure 2.4).

Figure 2.4 Daylighting performance analysis model

2.2.4 Environmental Cost Benefit Analysis

Apart from building performance prediction, environmental cost benefit analysis is an important component
in integrated environmental design. This can inform the client the pay back period and help the client make
sensible decision on the investment in renewable technology.

In order to have a realistic picture of the cost benefits, this study cannot be conducted by the WSP team alone
and it has to be a joint effort because the local pricing has to be provided by the SRIBS team. The outcome of
this study was that WSP team set up the basic environmental cost benefit analysis template and the SRIBS
team filled in the blanks in the calculation sheets.

During the design process, we maintained close contact with the SRIBS team and conducted regular trips to
Shanghai to exchange ideas and share knowledge. WSP team is committed to carry out Post Occupancy
Evaluation to compare simulated results against real building performance when the project is completed.

2.3 Summary

Now this demonstration project is close to completion and the building will be occupied by the end of August,

2004. This will be one of the first naturally ventilated and natural daylit office buildings with integrated

renewable technology in China (Figure 2.5).
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Figure 2.5 Site photos showing the current progress of the SRIBS Eco-Building

As our first joint project with a local research institute in Shanghai, the iterative environmental design process
is a valuable experience to the WSP team. Through this demonstration project, the two teams have learned
from each other and a solid foundation has built up for future co-operation. The key lesson learnt from this
project is that mutual respect and sharing of knowledge will contribute to mutual benefit, and never
undermine the capability of your business partners in China.

3. Project No.2 Joint User Building in Rock Hill Street, Hong Kong

3.1 Project Background

This project is a joint bid led by P&T Architects and Engineers Ltd. WSP Environmental was commissioned
as environmental consultant to carry out environmental design support to the design team. The proposed
scheme is a mixed-use building accommodating various users and the owner of the building is the
Architectural Service Department of Hong Kong.

The proposed building would have office space, exhibition galleries, multi-function rooms, youth hostel,
Cyber centre, post office and car park. One of the key requirements in the design brief is to design an
environmentally friendly building (Figure 3.1).

As an integral member of the bidding consortium, WSP team participated in the front-end conceptual
development, providing advice on the thermal characteristics of the building envelope and to suggest
strategies for natural ventilation, solar control, daylighting, and low energy cooling. The objectives of this
specialist advice and analysis were:

- To assist with the design and refinement of the building envelope to achieve OTTV 18W/m? °C.

- To propose ways of achieving adequate natural ventilation to car park floors, terrace areas on floors 3 & 4
and bedrooms in the hostel.

- To propose and analyse alternative shading devices for the different elevations.

- To analyse the daylighting characteristics of the exhibition centre, post office, typical office, women’s

hostel, and typical multi-function room.
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- To assess the thermal performance and predict the cooling load for the Cyber Centre (Floor 12)
- In addition, where appropriate, WSP Environmental have identified opportunities for the application of new
technologies to achieve energy savings and to improve the internal environment (e.g. light/vent pipes and

gravity cooling)

Figure 3.1 Exterior view of the proposed Hong Kong Joint User Building (source: P& T Architectsand Engineers Ltd)

3.2 Measuring Building Performance

3.2.1 Site Microclimate Analysis

The location and orientation of the proposed building and its relationship to the surrounding topography and
buildings have a significant impact on how the building responds to seasonal changes, and its resulting
thermal performance. Detailed analysis has helped to refine the design

proposal. This section sets out strategic issues.

Climate Analysis

Temperature

Winter

From mid November — mid April (5 months) the diurnal temperature variation is between
approximately 10-25°C (Figure 3.2). This implies that most spaces could potentially be naturally
ventilated during this period, although at upper levels (e.g. bedrooms in the hostel) this should

be limited to prevent over cooling.

Summer

Between mid April and mid October the diurnal temperature variation is between approximately
25-36°C. Clearly natural ventilation is only possible at night (to the bedrooms) or during the

day to spaces like the car parking floors, or large volume intermittently occupied spaces like the
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multifunction rooms (Floor 3) and exhibition space (Floor 3,4 and 5), provided supplementary cooling is available.
The supplementary cooling to these areas could be provided in the form of ‘Gravity’ cooling walls, using chilled
water cooling coils

Prevailing Wind

The prevailing easterly winds will tend to induce a positive pressure on the east

elevation. This can be exploited to drive air through the naturally ventilated parts of the

building. Upper levels will experience higher average wind speeds, which should be

encouraged through the building in summer, but baffled in winter.
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Figure3.2 Hong Kong climatic data
Noise

An acoustic assessment of the site has revealed that traffic noise will exceed 20dB background sound level in
most areas. This makes natural ventilation inappropriate in meeting and office areas.

Sun path

A model of the preliminary proposal was tested on a heliodon, and the solar exposure of

different elevations was analysed for the Summer Solstice, Equinox and Winter Solstice. Obviously the sun
path affects the east elevation most significantly (Figure 3.3) and the

provision of external solar shading which is effective in reducing solar gain but does not obstruct views too
much, is a challenge. Fixed horizontal shading with a cut off angle of 60° will restrict direct solar radiation

after 10 am, and early morning glare (7.00 — 10.00 am) will be resolved with internal blinds.

Figure 3.3 Sunlight study in artificial sky and annual sun pathsin Hong Kong
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Solar Radiation

Sun shading will be effective in reducing direct solar gain. However, as the solar radiation plot reveals (Figure
3.4), diffuse radiation is very significant, particularly in the summer months. The shading coefficient of the
glazing is therefore very significant in reducing diffuse radiation and limiting cooling load. The combination
of shading and glazing characteristics has a fundamental influence on the thermal performance of the building

and the OTTV.
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Figure3.4 Annual global and diffuse solar radiation in Hong Kong

3.2.2 Environmental Design Strategy

3.2.2.1 Natural Ventilation Options

3rd Floor Exhibition and Terrace/Circulation

Ventilation of the open terrace area can be promoted by provision of a bulkhead over the WCs, allowing air to
pass through and leave the building on the north side (Figure 3.3). Air from this passage could also be
introduced to the Exhibition area, and exhausted via the high level roof glazing on the north side (Section C-
O).

4th Floor Multi-Function Rooms and Terrace/Circulation

The ventilation of the circulation area can be dealt with in a similar way to Floor 3, by the provision of a
bulkhead over the WCs. (Figure 3.5). There is also an opportunity to achieve cross ventilation from north to
south side (adjacent to car park). The multifunction rooms could be

naturally ventilated in winter via high and low level opening vents, but both spaces would require
supplementary cooling in summer. We have suggested that this could be achieved by means

of a ‘Gravity’ wall cooling system as supplied by HVAC Nederland (see Section A-A, B-B).
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Figure 3.5 Environmental design sketches showing the ventilation strategy of the exhibition hall and multi-functional rooms
Floors 15 and 16 Bedrooms

The east facing bedrooms are shallow in plan and can be naturally ventilated from one side. In winter this
could be trickle ventilation, but in summer would require high and low level vents within the fagade to
achieve adequate ventilation. The corridor at floors 15 + 16 can be naturally cross ventilated, induced by
pressure differences between North and South facades. This requires

either operable or fixed ventilators within the North and South glazed elevations at these levels. The corridor
will be rather dark and gloomy in the centre of the plan, but could be enlivened by the introduction of 4
‘light/vent pipes’ (Figure 3.6), delivering diffuse daylight from the roof and

providing enhanced natural ventilation to the central four bedrooms.
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Figure 3.6 Light/ Vent pipesintroduced to the hostel floorsfor daylight and natural ventilation
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3.2.2.2 Shading Options
Preliminary analysis revealed that the main east elevation is most vulnerable to solar gain.
However, it is extremely difficult to prevent any direct gain from low altitude sun. At the Equinox the sun
rises from due east at 6 am to the zenith (70° altitude) at noon. The design decision to make is what solar cut-
off angle will in conjunction with the glazing shading coefficient, achieve an OTTV of 18W/m? °C or less.
These options are illustrated in Sketches A-E (Figure 3.7). The use of the sunshade as light shelf has the added
benefit of smoothing daylight distribution along the depth of the room. Thus, a significant improvement of the
Uniformity Ratio is achieved and adaptation stress is reduced. Option B has been developed into the sunshade
shown in Sketch F, which acts both as solar control
device and light shelf redirecting daylight deep into the building.
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3.2.2.3 Daylighting Performance Assessment

A comparison of the impact of the Architectural Services Department (ASD) schematic building

and the proposed building by P & T Architects in terms of overshadowing to adjacent buildings along Rock
Hill Street, was investigated by computer modelling ( Figure 3.8). The results revealed that due to the
stepping profile of the proposed building, this achieves 12% reduction in annual overshadowing percentage.
This analysis takes into account the south facades of the buildings along Rock Hill Street. The Annual
overshadowing percentage to the adjacent buildings along Rock Hill Street from ASD and P & T building is
as follows:

Without any building on site: 28.6%

ASD building: 48.5%

P & T building: 35.8%

The differences can be examined graphically by means of the stereographic diagrams (dark areas represent the
area of visible sky arranged for a number of locations along Rock Hill Street) . This shows that the P & T
building obstructs the sky significantly less than the ASD building ( Figure 3.9).

Figure 3.8 ASD Schematic Building Block and P& T Architect’s proposal

Frengraphes CHEgRET

Figure 3.9 Stereographic Diagram showing the visible sky from ASD Schematic Building Block and P& T Ar chitect’s proposal
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Daylighting Study - Post Office (Ground Floor)

A computer model of the proposed building plus the surrounding buildings was constructed and tested

using specialist software, which accounts for the impact of surrounding buildings on daylight within the
building.

The Post Office is located on the ground floor on the north side of the building. The daylight factor
distribution plot shows that the areas adjacent to Rock Hill Street are well daylit, but this drops rapidly deeper
into the plan (Figure 4.0). This suggests that control of the artificial lighting should be zoned and linked to the
available daylight to minimise energy use. The average daylight factor is 3.6% which is less than the 5%
recommended by the UK CIBSE for well lit spaces. Nevertheless, with daylight linked lighting controls,
energy use for artificial lighting can be minimised.

Daylighting Study - Exhibition Corner

The Daylighting performance simulation results for the Exhibition Corner is shown in Figure 4.1. As we have
identified in the Solar Exposure study by using Heliodon, both the east facade and the skylight need to be
shaded to reduce the solar gain, especially in the summer months. We have introduced 2x600mm deep
horizontal shade to the east facade (one on the top the Exhibition Corner and the other one in the middle of the
facade in alignment with the glazing joint indicated in the East Elevation).

Without the sun shading device and the louvre on top of the skylight, the Daylight Factor (DF) is 6.3%, which
indicates that this space is very well daylit and artificial lighting is not required whole year round (but task
lighting is required for highlighting the exhibits).

However the fully glazed + unshaded east facade will have significant adverse effect on the OTTV value. By
introducing the two horizontal shades and louver on top of the skylight, the DF is reduced to 5.5% which is
still higher the 5% DF recommended by the CIBSE for a well daylit space and there is an added benefit of
slightly reducing the OTTV value and improving the visual comfort in the exhibition hall.

Figure4.1 Daylighting performance assessment of the Exhibition Corner
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3.2.2.4 Thermal Performance Analysis

A thermal analysis was conducted to quantify the benefit of the shading strategy proposed (see

sketch F in Figure 3.7). This was carried out by dynamic thermal simulation. Dynamic

thermal modelling allows an accurate treatment of the thermal effects of solar energy through the

building fabric, and enables a detailed study of the effect of materials, geometry, construction and

HVAC systems on performance.

The weather data used for this calculation is Hong Kong Kingspark, obtained from Meteonorm version 4 Nov
1999. The analysis was centred on the Super Cyber Centre on the 12th floor. This space was subdivided in

three zones, north, central and south, as indicated in the zone diagram in Figure 4.0.

Figure4.2 Dynamicthermal analysis model and the zoning diagram

Assumptions:

A 3D thermal model was constructed based on the architect’s drawings. The envelope specification was
assumed as the fagade details provided by ARUP. The internal design conditions followed the criteria outlined
in part V, section 2 of the Employers Requirements:

Summer Internal air condition: ~ 25.5°C d.b. 54%RH

Winter Internal air condition: ~ 20.0°C d.b. 50%RH

The Internal gains were based on typical office usage: lighting 15W/m2, equipment 20W/m2, occupants,
10W/m2, with an infiltration rate of 0.5ac/h.

Case 1 assumes all the glazing and envelope specification as described in the OTTV calculation, but excludes
the sun shading devices. Case 2 includes sun shading.

Results:

The chart on the left of Figure 4.3 shows the total annual loads for the zones analysed. This chart shows the
annual energy demand for heating and cooling in kWh, and quantifies the solar loads for the whole year. The
chart on the right of Figure 4.3 shows the frequency of Dry Resultant Temperatures for the whole year.

The results show the benefit of shading by a reduction of 6% of the cooling loads and a reduction of 22% of
the solar loads. The results also indicate a very small heating load (ie. heating is not required) and the Dry

Resultant Temperatures are significantly reduced by the use of external shading. The resultant temperature is
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a more accurate indicator of occupant comfort than the air temperature, as it combines the radiant effect of the

internal surfaces and the air temperatures into one value.

Annual Total Demand for Case 1 and Case 2 Cumulative Frequency of Resultant Temperatures
for Year
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Figure4.3 Annual total demand for different design options and the cumulative frequency of resultant temperatures

3.3 Summary

1)Site & microclimate impacts on the design of the building, which exploits the prevailing easterly wind to
promote ventilation of the car park floors and the women’s hostel (floors 15 & 16).
2)The solar control studies of different shading options have enabled the facade design to be
optimised,including lightshelves/sunshades.
3)Natural ventilation to car park floors, terrace areas on floors 3 & 4, and the bedrooms in
the hostel has been demonstrated to be viable.
4)Natural ventilation of the bedrooms is significantly enhanced by the addition of vent
pipes to take air to the roof.
5)Opportunities to use ‘gravity’ wall cooling will be investigated in more detail in the detail design stage.
6)The design of the car park floors will meet UK Building Regulations Part F1 (ventilation).
7)Daylighting studies of the exhibition centre, post office, typical office, women’s hostel
(typical bedroom) and typical multi-function room, have helped to refine both the shading
configuration and the glazing specification.
8)Thermal performance of the cyber centre (floor12) has indicated the reduction of cooling loads
achieved by the shading devices.
9)The OTTV calculation demonstrates that the building design proposed achieves an OTTV
of 17.76 W/m? °C.
4. Conclusion
The two building precedents in this paper show that building performance can be measured and they
demonstrate that integrating environment design into the design process is feasible. This process is also
beneficial to both the clients and the end users because the design outcome is a more holistic environmentally

responsible solution.
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Building performance simulation, daylighting simulation, thermal modelling and CFD (Computational Fluid
Dynamic) analysis are rapidly expanding methods of design and verification throughout the construction
industry. The main benefit to the client is the added value that these techniques can bring to the project by
optimising the design in terms of energy consumption and the quality of the working environment, leading to
reduced capital and running costs and increased productivity.

By predicting accurately the peak loads and annual energy consumption of the building, this method helps the
engineer to optimise the plant sizing and system design, reducing the associated carbon emissions. In addition,

the environmental design features can also add a new dimension to architecture.
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“Sustainable City” More that just the buildings

Peter Sharratt — WSP Environmental Ltd.
Camilo Diaz — WSP Environmental Ltd.

Abstract Finding viable models for sustainable urban development in Chinais essential if the
recent unparalleled economic growth rates are to be sustained and if public welfare programs are
to continue. Increasing urbanisation has put enormous pressures on the environment whether it
be for resources such as water and energy or simply absorbing the by products of our society:
waste and pollution.

Peter Sharratt and Camilo Diaz argue in this paper that creating an integrated, sustainable infrastructure for
citiesis not only feasible but also viable.

Taking as arecently competed case study, the 200,000 people urban extension of Miyun, north east Beijing
which uses 50% less water and is powered by 100% renewable energy sources; the conceptua design of the
water, waste, power and transportation infrastructure will be described including the key issue in balancing
supply and demand through resource efficient design and integrated utility supply.

Key Words Resource Efficiency;Inter utility dependency ;Renewable Energy ;Cradle —to — Cradle

concepts ; Supply and demand management

Peter Sharratt and Camilo Diaz

20 50%
100%

Masterplanning Architects — William McDonough and Partners

Environmental Design and Engineering — WSP Group

1.0 Introduction

The Beijing Rising Century Real Estate Co. Ltd. in association with China Housing Industry Association and
China-US Centre for Sustainable Development commissioned William McDonough & Partnersto prepare a
conceptual Strategic Development Master Plan for the extension of the city of Miyun, Northeast of Beijing,
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China. The design was founded on William McDonough and Partners ‘ cradle to cradle’ principles of
sustainable devel opment.
WSP acted as specialist consultants to William McDonough & Partners on the sustainable master planning
and infrastructure strategies. WSP had previously worked with WMP on the strategic master plan for the
Science Museum’ s Creative Planet, in Swindon, UK.
This paper summarizes the recommendations for sustainable infrastructure covering four main aress:

- Water

- Energy

- Transport

- Biodiversity
The sustainable infrastructure design seeks to optimize the benefits to the environment and society by:

- Managing resource demand

- Freeing up land otherwise used for infrastructure

- Optimizing materials used in construction

- More effectively engaging resources used in operations

- Leveraging capital investments

- Leveraging investment in existing infrastructure

- Overarching design objectives
The proposals for Miyun therefore seek to maximize the use of existing environmental and social capital,
creating solutions within the confines of the site boundary wherever possible. The strategies developed are
aimed at:

- Creating aneutral balance between water and energy demand and supply

- Managing demand for potable water by recovering and reusing waste waters onsite

- Managing the demand for energy by maximizing energy efficiency within the infrastructure and the
built environment

- Maximizing the supply of renewable energy in the form of solar thermal and bio energy

- Managing the demand for automobile trips by creating a transport hierarchy that promotes alternative
modes of transport

- Seeking integrated solutions between al infrastructure elements
The proposed extension of the city comprises 556ha of residentia units and 2858ha of mixed use
development including office accommodation, retail/restaurants, leisure, community uses, commercial,
service pods and industrial buildings. In total it is envisaged to provide housing accommodation and

employment for 40,000 people.
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20 Water

Water is a precious resource in China, and the William McDonough & Partners Cradle-to- Cradle Design
Protocol proposes that the new development meet all water demands within the footprint of the site and
eliminate the burden placed on existing infrastructure systems in Miyun and the surrounding area.

There were two principal areas of investigation:

a) Surface water (storm water)

b) Potable water and wastewater

Anaysis of annual rainfall indicates near drought conditions for most of the year, except June, July, August
and September when 95% of total arrival rainfall occurs. Thisistypical for amonsoon climate type and the
peak surge makes soil erosion in existing watercourses a potentially serious issue. Collection and long-term
storage of rainfall using traditional infrastructure is not thought to be feasible due to cost implications, e.g.
large diameter pipe work and storage tanks would be required to be sized to the maximum demand but only

rarely used to capacity.

=

Fig 1 Annual rainfall patterns
Dueto local flash-flood type weather patterns, the best hope for ground water recharge is to allow water to

collect over large areas and percolate into the soil to the greatest extent possible while draining excess water.
Thiswould require an engineered approach that considers percolation in tandem with drainage.
Cradle-to-Cradle Approach

Ideal water cycles: Surface water that runs through the site leaves cleaner than when it entered, in distribution
patterns and rates that mimic the unbuilt site. Potable/ drinking water is provided, using natural processes that
reuse wastewater streams constantly recycling the water within a closed loop system. Vauable organic and

inorganic nutrients are captured from the wastewater streams and are available for returning to the soil.
Surface Water

Policy: Domestic and industrial wastewaters will be segregated and treated according to the volumes and needs for water
treatment giving the potential for multiple water treatment standards.

Goal: To collect, absorb and cleanse storm water on site, as much as possible, while encouraging groundwater
recharge and evapotranspiration.

Surface water Strategies

1. Use existing drainage patterns. Preserving and restoring these zones reduces erosion, and creates mature
soils that slow and absorb surface flow.
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2. Use natural drainage flow and topography. Large, vegetated zones for surface water conveyance running
north/south serve to capture, hold and slowly convey storm water while providing biological treatment,
alowing infiltration/ground water recharge, and removing non-point source pollutants.

3. Create primary interceptor along rail line. In heavy rain events, this will serve to capture and convey
overflow from the conveyance zones.

4. Use vegetated buffers as secondary interceptors. Vegetated buffers surrounding developments serve as
temporary surface water retention during heavy rain events.

5. Employ sustainable drainage technologies at the neighbourhood level. These include green roofs,
porous/permeable pavements, vegetated swales and other infiltration devices.

The surface water strategy utilizes the natural contours of the ground, which lie predominantly in a southwest
direction. This gives Potable/Waste Water can be utilized. The proposalsinclude a series of primary swales

interconnected with infiltration zones-the 'green spaces' alternating on plan with the primary circulation routes.

Fig. 3: Storm water swalesareintegrated withinthe Fig4 Swalesswerve multiple functions, such asgrey
development pattern, and aredesigned to encourage  water processing, storm water retention and transit in
infiltration, retention and groundwater recharge the form of bicycle and walking paths

Fig 2: Development pattern honours
natural drainage flow and topography.

Fig 5: Building specific strategies, like green roofs, can
help optimize storm water infrastructure. (Rouge
River Ford Plant, WMD+P).

Fig6 Proposed surfacewater strategies
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Potable/Waste Water

Goal: To optimize the use of potable water by reducing demand where possible, reusing grey water as much
as feasible, recapturing organic and inorganic nutrients from the wastewater stream and reducing potable
water usage. Targets of reducing water demand by 50% and recycling 75% of al water used on the site have
been set. Water supply and demand are balanced by use of dual potable and non-potable water standards.
Potable/Waste Water Strategies

1. Employ water-efficient fixtures, equipment and processes. Reduce water demand from the outset of the
project.

2. Exploit ground water reserves. Establish the viability of deep aquifer boreholes for supplementing potable
and non-potable water demand.

3. Provide a separate grey water collection and supply system. Recapture grey water and use it for non-potable
uses like toilet flushing and clothes washing.

4. Use grey water or borehole to keep public green spaces green. Grey water for irrigation reduces overall
potable water needs and recharges groundwater.

5. Use processes that recapture organic and inorganic nutrients from wastewater stream. Capturing solids for
biogas production aso returns nutrients to the soil.

Distribution at City Level

The existing potable water and grey water supply networks feeds the commercial and residential devel opment
areas, shown in green and blue arrows on Figure 9. It has been assumed that a potable water connection will
be possible with the existing network. However, grey water recovered from site uses will be returned for use
onsite thus minimizing demands for potable water from off-site sources.

The proposed system also shows where gravity and pumped wastewater zones will be required in order to recycle
the water. This dictates the location and number of illustrated pumping stations required. Also, illustrated on the
Figure 9 isthe primary stormwater interceptor drain which will be located adjacent to the railway line and will
enable the waters from the northern and central parts of the site to flow under gravity to the sewage treatment works
for either full or partial treatment and disposal or reuse when conditions permits.

Distribution at District L evel

Wastewater discharged from the building units can use one or two approaches to recovery and treatment depending
on building type. Water recovery and treatment can occur on-site or can connect to the site network for treatment at
the sewage treatment works. For example, residential wastewater will be comparatively clean wastewater compared
to industrial wastewater and therefore simpler to connect straight to the site-wide distribution and recovery network.
Conversely industrial wastewater will be better managed with its own systems only discharging partially treated

wastewaters to the network for further refinement.
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Water Consumption Estimates
In order to assess the specific infrastructure options a preliminary load analysis was carried out based on
generic building area by building use, population and number of dwellings. An assumed use of 200
litres/person/day has been used based on previous experience in subtropical climates and modern water
demands. This figure exceeds current estimates for average water consumption for China, (100. 1p/day) but
given the quality of the developmentsit is reasonable to assess future demands based on modern international
demands. Comparable consumptions figures are:

e US: 300L/P/Day

o UK: 220UP/Day

e China: 100L/P/Day
Note that the total estimated daily demand for Miyun Development (excluding industry process water
demands) is 120,000m3/ day. Thisfigure is without water efficiency and recovery technologies recovery
technologies that could reduce this by as much as 50%.
Projected Loads
Tota supply requirements are as indicated; these figures assume no water saving or sustainable systems are
used. With grey water recycling for non-potable uses, potential reductionsin water demand could easily save

30%. For wastewater, there are potentially five streams:

Industrial
e Black water 35%
o Grey water 15%
o Process water 50%
Urban

e Black water 70%
o Grey water 30%
The adoption of sustainable water management systems and processes will provide whole life cost savings. A
simple comparison on the reduction in demand and treatment requirements highlights that the approximate 15-25%
increase in construction/implementation costs can be offset by the reduced scale and operational costs of water
infrastructure. For the anticipated 45% reduction in demand and 55% reduction in treatment volumes, adoption of
sustainable water systems could be cash positive within four years in comparison to conventional techniques.
3.0 Climate/ Energy
Energy production and energy use will be the primary focus for initial development. However, infrastructure
design also seeks to anticipate evolution towards a 100% solar powered future as capital costs reduce over time.
This section is divided into two parts:
A) Energy demand
B) Energy production and distribution
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Cradleto Cradle Approach

Ideal energy cycles: All energy is produced on site as close as feasible to where it used, and is derived from
renewable sources. Further, energy use is optimized to such a degree that the devel opment becomes a new
exporter of clean energy.

Policy

Screening protocol and guidelines will be developed for industries regarding air quality, energy use and
carbon emissions. Overall goalsfor optimizing energy and maximizing the use on site renewabl e energy
sources will be incorporated into decision making at all scales.

Overall Energy Goals

- Model eco-effective,” green" building design .Reduce peak demand profiles

- Use an energy technology hierarchy to meet residual

Demand Side Management Goal

Optimize energy performance through demand management in order to meet a greater percentage of energy

needs from clean sources.
Strategies

1.Maximize benefits from "passive" design. A key component of the passive solar design strategy is orientation of
the individual buildings and the primary circulation routes and street patterns. The proposed town grid is rotated ten
degrees toward the east from true north/ south and blocks are elongated east/west to optimize solar exposure. Large
south exposures are ideal to capture solar gain in the winter to control heat gain in the summer, and to optimize the
use of daylighting. Elongated blocks alow for cross-ventilation, reducing active cooling needs. Deciduous planting
and other shading strategies can also reduce active cooling needs

2. Use high-performance systems, and optimize their scale. Seek out strategies like ground source heat pumps that
optimize their performance by relying on local assets, such as the constant temperature of the earth.

3.Meet envelope performance targets. Well-insulated buildings such as those that use strategies like envel opes that
absorb heat during the day and release it at night can reduce diurnal swings and moderate energy use. Strategies
like green roofs can provide the additional benefits of reducing the amount of energy needed to maintain human

comfort.
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Fig 10 Mixed-use commercial buildings. Massing and orientation for solar access
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Supply Side Management
Experience has shown that significant savings can be made in the cost of energy infrastructure by reducing the
demand at point of use. (For the purposes of this study the energy demand of industrial processes has been
ignored until greater clarity on the type of industry has been defined). It is essential that these measurements
be factored into design guidelines, energy codes or the core building specifications as the design progresses.
Primary power is distributed between the commercial and the residential areas. The system connectsto the
existing steam plant with the proposed addition of a combined heat and power with additional cooling
equipment. A key component in the integrated energy strategy is a combined heat and cooling (CHC) plant
connected to both residential and industrial users. The proposed CHC plant would work as follows:
The chillers’heat pump has four main components: the condenser (warm), the evaporator (cold), the expansion
valve and the compressor. The cooling system is connected to a number of boreholes 180 m deep. The
boreholes function as energy wells. They provide free cooling storage over summer and as a heating storage
during wintertime.
The warm side of the machine can supply heating for different purposes: space heating during winter, hot
water for industrial process and domestic hot water for nearby residential users.
Energy demand and supply can be managed using various aternative technologies. The proposed strategies

! by Loy outline two main options for energy production:
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: photovoltaic into the urban structure.

Fig 11: Combined heat and cooling CHC plant diagram.

Primary power isdistributed between the commercial and residential areas. The systems connectsto the existing steam
plant with the oronosed addition of a combined heat and nower plant with additional coolina eqauinoment.

Energy Management Strategic Options
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In developing the integrated energy strategies for the site, two options were considered:

Solar City

The concept of solar city envisages the use of photovoltaic technology and solar thermal methods to supply all
energy demands. Although there is enough solar power available to meet this energy demand issues of cost
effectiveness and practicality need to be considered. It appears, given current trends, that solar derived energy
may be cheaper than new coal power within 15 years and certainly within 20 years. The city of Miyun can
anticipate this event and provide planning to accommodate it.

Hybrid City

This option assumes the use of a combination of energy technologies available to the site to provide a more
rational supply of energy. It assumes aminimal grid connection, which will be used to provide peak loads, if

required, and will optimize the onsite infrastructure around embedded energy options.

Procuction:
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Fig14 Energy balancefor the‘Solar City’ scenario
Wi g powsrppiipnshaenat hepsiaans dersshabthis time, given the available wind resources, but could provide
additional options for the hybrid city solution. However, renewable energy systems such as PV's and solar thermal
collectors have avital rolein providing environmentally clean energy to the site. PV's and solar panels can be
integrated into the design of many of the buildings and other urban structures.
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Fig 15 Energy balancefor the ‘Hybrid City’ scenario

58



Photovoltaics

PV's can be applied as either integrated or as stand-alone systems. Building Integrated Photovoltaic Systems
(BIPV) offer a number of advantages over stand alone systems including: making effective use of roof area,
saving on construction costs (cladding, roof lights, shading, etc.) and increasing visibility with consequential
educational and demonstrative benefits. Furthermore, grid connected systems offer the advantage of not
requiring battery banks for electrical energy storage and will produce AC electricity, when combined with
inverters, or direct DC, both of which can be used directly to meet the building's electricity demand.

Among the various types of photovoltaic modules, monocrystalline PV modul es represent the most commonly
installed type and now have a proven track record for reliability and sustained performance over time. These
modules currently have an average efficiency of 14 -16% and their cost has dropped considerably in the last
decade. Prices are now at a level that makes them cost-effective option with when compared with quality
building envelope finishes.

Solar Thermal Collectors

Similarly to photovoltaic systems, the energy output of solar thermal collectors can be maximized through
appropriate roof integration. The two principa systems taken into account are evacuated tube solar collectors
and flat plate collectors. Evacuated tube collectors are more efficient on an area basis compared to flat plate
collectors and have a more constant energy output throughout the year that could be more beneficia in
offsetting the space heating demand during especially during the winter months and in the climate of northern
China. However the cost of the latter technology is extremely competitive and China is a world leader in
production of these systems, making them a preferred solution when roof areas are not limited.

Figure 17 provides preliminary energy balance has been undertaken to assess the potential applicability of the
different technologies already discussed to meet the energy demands of the development. Figures 14 and 15
give detailed energy supply estimates for the Solar City and Hybrid City options. Both options are based on
modern international building design standards and do not account for energy savings from the adoption of
high performance envelope design which could substantially reduce space heating demand. Adopting
significantly higher standards for envelope performance will reduce the cost of energy production

infrastructure and is a priority for investment.
Projected L oads, Costs

The development will remain grid connected to allow for the export of renewable energy to the rest of Miyun
when supplies are generated or provide top up supply or meet peak demand.

Figure 16 provides a simple cost comparison for various technologies to illustrate the benefits and limitations
of each according to scale of implementation. The cost comparisons given are based on international systems.
The assumption is that the municipality of Miyun will construct and operate the on-site generating facilities. It
is also assumed that the renewable energy technologies are sourced from China and are not reliant on

imported goods from Europe or the US. Further work needs to be carried out defining viable cost.
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In summary, by adopting the C2C principles discussed above the energy strategy will meet all the energy
demand for the site, within the boundaries of the site, and avoid placing a burden on existing energy
generation infrastructure else where. How this is achieved will have wider relevance to China, where 68%
primary energy comes from burning low-grade sulphur rich coal with the remaining from hydro, nuclear and
other sources. The implications for the wider Chinese market are that the scheme will be compliant with the
10th 5 year plan which aims to increase market competition by separating energy supply from distribution and
reduce the domination in the market by centralized coal and hydro electric power production.
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Fig 17 Projected energy loads for development

4.0 Sustainable Transportation

The project presents a unique opportunity to create a truly integrated and sustainable transportation system
that will be unique and a first in China. The proposed transportation system has been designed to maximize
mobility options, equally facilitate travel by all modes, and fulfil the three primary transportation objectives of
accessibility, permeability and sustainability.



Palicy:
Develop a hierarchy of transportation networks that promotes a sustainable mode of transport, manages the
use of private vehicles, promotes the use of public transport whilst not infringing on people's mobility and
access.
Goal:
To develop mobility options that are the preferred choices over automobiles for speed, convenience and
delight.
Strategies
1. Develop pedestrian and bicycle network. The north/south greenways are used as a distribution network for
pedestrian and bicycle traffic, connected to the town by two east/west greenways. The network is separated
from high-speed truck and car traffic.
2. Provide for, and give preference to, mass transit. Transit loops and dedicated bus lanes are designed to
operate within the primary distributor network. Other strategiesto "showcase" mass transit include:

- Using clean fuel buses (such as electric, LPG and hybrid technologies)

- Implementing active bus priority at traffic signals

- Providing real-time passenger information at bus stops

- Providing improved waiting facilities (shelters, seating, €tc)
All of these strategies result in improved operation reliability, which leads to improved perception by users
and faster travel times than automobiles.
3. Introduce Park and Ride sites. Strategically locate sites to intercept traffic, and ensure they are served by
bus routes that benefit from priority measures while providing secure parking for both cars and bicycles.
4. Separate local access from through movement, and limit unnecessary access. A clear hierarchy in road type
and use optimizes, transit infrastructure, which in turn reduces travel speeds (where appropriate), increases
safety, and reduces waiting times.
5. Develop a system of multi-modal transport hubs. Places of intersection between modal types become places
for commercial and social activity, where people can wait for the bus, catch atrain, hire a green car, and/or
rent abicycle.

6. Develop roadway standards that reduce road width. Secondary roads and intersections should facilitate
pedestrian movement and safety.

7. Maximize potential for implementation of "intelligent transport systems" such as real-time traffic information,
variable message signing, dynamic car park control and optimized traffic signal networks.
Modal Priority

1 Walking
2. Cycling
3. Buses
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4. Rall
5. Cars

Highway Network Design Recommendations

e Optimize, not maximize, carriageway space

e Adopt ademand management approach.

o Develop stringent design criteria that avoid excessive carriageway space and over-design. Reducing

carriageway space reduces speed and enhances highway safety.

Typical Hierarchy

1. Primary: three traffic lanes each way, central reserve plus segregated cycle lanes either side (2.0 meter min).
2. Secondary, two traffic lanes each way, central reserve optional, cycle lanes either side (2.0 meter min),
optional segregation.
3. Locd: single lane each way, no central reserve, cycle lanes either side (2.0 meter min), no segregation.
4. Accessroad: single lane each way, no cycle lanes.

Secondary and lower intersections are designed around pedestrian and cycle movement, no private cars.
Pedestrian crossing distances are optimized and pedestrian desire lines are satisfied, as necessary with

additional crossing facilities.
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5.0 Biodiversity / Well-being

Goal: Createaframework for environmental regeneration.

A detailed assessment of the site needs to be made to devel op the choices of native plants to be reintroduced

to the site for each of the specific site conditions. Nitrogen-fixing legumes and deep-rooted native species can

be favoured during regenerative phases. Native plants will already be adapted to the climate of Miyun, so that
after aperiod of establishment, they will not need additional water or supplementary nutrition in order to
flourish.

Strategies:

e Provide habitat corridorsthrough the site. North/south 60 meter strips of vegetation running the length
of the site are opportunities to increase biological diversity by establishing self-sustaining habitats. The
corridors create important ecological connection to the regional eco-system and provide habitat and
migration for wildlife.

e |Implement highway, rail and road buffers. The concept plan shows buffers ranging from 50m to 200m.
Within some of these buffers will be storm water conveyance swales to capture storm water. These areas
can be planted in native grasses and herbaceous plants that can withstand periodic, but short-term flood.
The rest of these buffers constitute great opportunities to advance reforestation. In contrast to some of the
highway tree planting that is presently occurring in China, these buffers should be planted in a mix of
native tree species to reflect the composition of the local forest ecosystem.

e Re-vegetate buffersalong water cour ses. Thiswill reduce erosion and runoff during storm events.
Revitalizing these areas provides a quiet, continuous zone for faunato migrate.

¢ Usenative and drought-resistant speciesin landscaping. Landscapes can grow to maturity with less
irrigation; Miyun can become the nursery for native species for this region of China.

¢ |Implement building-specific habitat creation strategies, like green roofs. Green roofs provide multiple
benefits: they create habitat, produce oxygen, provide insulation, retain storm water, and mitigate urban
heat island effect. Seek out similar opportunities to create habitat when designing buildings.

6.0 Conclusions

WSP were specialist consultants to William McDonough & Partners on the sustainable master planning and

infrastructure strategies for the city extension of Miyun. This paper summarizes the conceptual plans and

recommendations for sustainable infrastructure. By devel oping the conceptual strategies for sustainable
infrastructure based on a good understanding of the project requirements, the local environment, the site and
the microclimate, WSP has demonstrated that creating an integrated sustainable infrastructure for citiesis not
only feasible but also viable.

The strategic scheme for sustainable infrastructure proposes the potential saving of 50% of the water use

through water conservation strategies and the supply of 100% of the energy demand by renewable energy

sources. The scheme also includes the conceptual design of the water conservation systems, and highlights the
key role of buildingsin balancing energy supply and demand. The infrastructure strategy proposed underlines
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the concept of integration of the various infrastructure components and the master plan and recognises that
integration is vita in order to provide a holistic and cohesive response to the projects requirement.

Currently a solar powered city remains along term goal, as photovoltaics do not yet present a cost effective
solution due to the high initial investment. However the proposed conceptual plans for infrastructure provide
intermediate steps that will allow the city to anticipate a viable solar power future. If present trends continue,
it is expected that solar energy will be the same cost as coal-fired electricity by 2006. Building a town that
embodies these concepts provides a replicable model as China prepares for a massive campaign aimed at

housing 400 million people over the coming decade.
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Natural Ventilation Analysis In one Green Building

ZhuWeifeng Chen Jianping YeQian Deng Lianghe and Gao Jian
(Shanghai Research Institute Of Building Science)

Abstract The natura ventilation technology used in one green building of Shanghai is anayzed. The
natural ventilation effect of chimneys of different heights, and big exhaust airway instead of the chimneys
is studied by numerical simulation. The conclusion is presented that reinforcing the natural ventilation by
designing special chimney is not suitable. It is more effective to reinforce natural ventilation by realizing
adequate area of the exhaust airway and windows than designing special chimneys.

Keyword Greenbuilding natural ventilation
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Natural ventilation of high-rise residential buildings Plan

Yang Jie*' Zhang Xu® Francis Yik’
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Abstract Nowadays in big cities with high building density, more and more high-rise building are being
built. It is important to take the interference effect among adjance buildings on pressure coefficient (Cp)
distribution on the building envelope into account when natural ventilation is available in a building
design. In this paper, pressure coefficient difference (Cp' ) is studied by numerical simulation to
understand the interference effect of natural ventilation of high-rise residential buildings.The results show
that natural ventilation of downstream buildings is influenced by upstream buildings significiently,
especially for normal wind direction and small space between buildings. Increasing wind angle of
incidence, enlarge the space between buildings and lower the hight of upstream building would improve
natural ventilation of downstream buildings obviously. Also, natural ventilation of downstream buildings
is better when the buildings are in rang with others than that when the buildings are staggered.

Keyword interference effect, pressure coefficient difference,Natural ventilation

1 Introduction

Recent investigation shows the population increase and concentration mainly occurs in the megalopolises
of Asia. China has a population of 1.25 billion at present and remains the most populous nation in the
world. Population increase lead to concentration of residential buildings.

With the development of economic and urbanization in the past two decades, high-rise residential
buildings appear rapidly in china. The percentage of building energy consumption to total energy
consumption is becoming much higher than before [1]. In 1999, building energy consumption took 27.6%
of total commercial energy consumption in the whole country, which including energy consumption for
air conditioning, heating, lighting, cooking and domestic hot water etc., and air conditioning and heating

are the main parts. Investigation shows that the possession rate of household with air conditioner in south
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China is increasing at the speed of 20% every year. The target for energy-efficient building in China is to
reduce the energy consumption of A/C and heating while keeping comfortable indoor thermal
environment.

As known, natural ventilation has the potential to become an efficient way to ventilate building and
provide a comfortable and healthy indoor environment as well as save energy. Natural ventilation can be
used not only for cooling in spring and autumn but for removing indoor air pollutants. However, it is very
complicated when natural ventilation is involved even in a simple design, because it is influenced by
many factors. Air flow from one opening to another is caused by pressure difference built up by wind. The
higher the pressure coefficient difference (Cp'=Cpwmax - Cpwmin) is, the higher the flow rate will be.
Accordingly, a detailed study on airflow around building and pressure distribution on building envelope is
a must for well-ventilated building design. However, the determination of the external pressure caused by
wind and buoyancy effect, especially by wind in hot climate, is very complex, since the pressure
distribution depends on incoming wind speed and direction, building size and shape, the size and location
of building interior openings and so on [2]. Buildings are rarely isolated from others, especially in high
urban density cities like Hong Kong, so it is also important to account for the effect of upstream
obstructions, which can considerably affect the pressure coefficient distribution on the external of
buildings available for natural ventilation. Therefore, the accuracy of natural ventilation design depends
on the accuracy of the pressure distribution information.

Although many of the developed countries have successful experience in natural ventilation research,
design and operation, it is not practical for China to simply copy their experience. Natural ventilation of
buildings in developed countries is usually involved with low building density and low-rise style. And the
climate in those countries is probably different from that in China.

In natural ventilation field, experiment in wind tunnle is a traditional way to simulate and measure the
airflow around buildings to determine natural ventilation. Although the experimental approaches provide
reliable information concerning airflow in and around buildings, the available data is generally limited
due to the expensive and time consuming experiment. Nowadays numerical simulation has become a new
trend for determining natural ventilation. The present study shows, with the help of CWE (Computational
Wind Engineering- a branch of CFD) technique, the external pressure distribution can be worked out with
reasonable precision [3]. Hereby, in this paper, CWE method is used to study the wind pressure coefficient
(Cp) on the building envelope to determine the effect of adjacent buildings.

2 Numerical Simulation

Since the wind distribution around buildings is very complex, the influence of adjacent buildings can’t be
ignored. Therefore, the computational area for outdoor airflow should be large enough to study the impact
of surrounding buildings. If the simulation area is modeled after an actual small-scale buildings area, it
has to include a large area with an enormous number of calculation points, which makes the actual
calculation very difficult. However, small-scale buildings areas often have a similar style, which consists
of rectangular buildings separated by straight paths. If they are extremely simplified, they become areas

with regularly aligned square buildings of constant size. This simplified small-scale buildings model can
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easily be numerically simulated. For it can reduce the space for simulation, computer memories and
calculation time. In this paper, the small-scale buildings are expressed by nine and eight regular aligning
buildings respectively.

For simplicity, this investigation used Fluent to calculate the pressure coefficient difference distributing on
the envelope of the buildings. Ideally, the calculation should be performed for different wind directions
under constant wind speed. In order to correctly take the impact of the surrounding buildings into account,
different space between buildings and various height are investigated. Some CFD models can be
established, one of them(model 1) as shown in Figure 1.

Recent literature shows that there are numerous turbulence models ranging from simple algebraic models
to highly sophisticated models like Reynolds-stress transport models (RSTM). Among them, the original
k-e model (standard k-e model) proposed by Launder and Spalding almost three decades ago [4] and
large-eddy simulation (LES) are receiving continuous attention in wind engineering. Standard k-e model
seems to be still the most widely used in the building aecrodynamics community for their simplicity,
robustness a d reasonable accuracy [5]. While, LES model can provide the accurate flow description.
However, it also appears that LES is of limited application, due to the prohibitive computing costs and
time consume. In this project, what we want to know is the information on time-average pressure
coefficient, so standard k-e model is used to simulate the flow field around the small-scale buildings.

3 Results and discussion

The numerical simulation results indicate that the Cp’ of buildings is affected by wind direction, space
between buildings and height of upstream buildings greatly.

3.1 Wind direction

Fig.2 shows the simulated wind directions related to model 1, and Fig.3 shows the Cp’' of the nine
buildings for various wind direction. From Fig.3 we can see the Cp’ of downstream buildings is influenced
by upstream obstructions deeply. When 0 equals 0° (normal wind direction), the Cp’ of upstream buildings
is obviously higher than that of downstream buildings. For example, the Cpys' of 0.166305 is only 5.76
percent of Cpy’ which is equal to 2.88476. In this case, natural ventilation for most buildings is
unacceptable except for upstream buildings.

When 0 equals 30° or 45°, the Cp’ of upstream buildings is a little lower than that of 0°, but the Cp’ of
downstream buildings increase obviously. The average Cp’ of downstream buildings with a 6 of 30° is
almost eight times higher than that of 0°. That is to say, the average Cp’ of buildings for angled wind
(6=30° or 45°) is higher than that for a normal wind direction.

3.2 Space between buildings

The above-mentioned simulation shows that the Cp’ of all buildings with normal wind direction for model
1 is lower than that of the other two angled wind. And then the space between buildings is adjusted to
improve the natural ventilation of all buildings for normal wind direction. In this study, the physics
models with 9 buildings (model 1, Fig.2) and 8 buildings (model 2, Fig.4) are involved. The space
between buildings (L) is set to be 0.5, 1, 2, 3, 4, 8 and 12 times of building width (B) respectively, which

is representative in reality.
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Figure 5 shows a small Cp’ increase of downstream buildings for model 1 when L increases from 0.5B to
2B. But in the case of L equal to 3B, the Cp’ of downstream buildings increase obviously. For example,
CpL-3p' 1s equal to 4.7 times of Cpr-g5p’' for b7 and Cp-3p’ is equal to 3.9 times of Cp -5’ for b8. As
expected, the effect of L on the Cp’ of upstream buildings can be negligible. The reason is that
downstream buildings are in the wind wake of the upstream buildings with a small L, and the effect of
upstream obstruction will become weaker in the case of large L. Fig.6 shows an obvious Cp’ increase of
downstream buildings as L increases from 0.5B to 2B for model 2. That is to say, building distribution in
model 2 is better than that in model 1 for natural ventilation utilization. The flow field of model 2 is
shown in Figure 9.

3.3 Building height

We notice that natural ventilation of downstream buildings is poor with small L. But sometimes in
practice there is no enough area for arranging buildings with large space. In this part, we try to study the
effect of building height on natural ventilation of downstream buildings with small building space. The
models with 9 and 8 buildings in the same height (model 1 in Fig.2 and model 2 in Fig.4) and the models
with 9 and 8 different height buildings (model 3 and 4, Fig.7) are established. In the simulation, L of 2B is
involved.

Fig.8 shows the Cp’ of downstream buildings for model 3. There is a great Cp difference along the vertical
surface of downstream buildings. And when the upstream buildings height is lowered, the Cp’ of
downstream buildings increases significantly in comparison with model 1. Similarly, the Cp’ of
downstream buildings in model 4 is higher than that in model 2( see Fig.9). The Cp' increase of
downstream buildings in model 3 is much more than that in model 4. That is to say, the effect of lowering
upstream buildings height in model 3 is greater than that in model 4.

4 Conclusions

Form the study, it is obviously that natural ventilation of downstream buildings is influenced by upstream
buildings greatly, especially for normal wind direction and small space between buildings. Increasing
space between buildings and lower upstream obstructions height would improve natural ventilation of
downstream buildings. Also, natural ventilation of downstream buildings is better when the buildings are

in rang with others than that when the buildings are staggered.
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A Study of Subtropical Louver Designsto Optimize Daylight Usage
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Abstract In lack of natural resources, Taiwan has to import 97% of the required energy. Buildings
take up 31% of the total electricity consumption, in which artificial lighting accounts for around 1/3 of the
electricity. The effective reduction of artificial lighting is to maximize the usage of day-light, which may
cut-off 50% of the lighting electricity. The study seeks to maximize the usage of daylight through the
light-reflecting function of louvers. The focus is to examine the optimum tilt angle and the depth of the
blades in the upper part of alouver. Through RADIANCE simulations, this study evaluates the impacts
from different tilt angles and depth of louver blades on the average illuminance, daylight factor, and
uniformity of illuminance for different seasons. It has been found that the O degree tilt angle achieves
the highest average illuminance during summer and the 30 degree is good for the other seasons. It has
also been observed that the 45mm blade depth has better total performance for subtropical region, on
illuminance, daylight factor, and uniformity of illuminance.

Key words energy saving, daylighting, redirection

In Taiwan building takes up 31% of total electricity consumption, in which artificia lighting accounts for
about 1/3 of the electricity usage. For energy saving, the effective way is to maximize the usage of
day-light and it can reduce the electricity consumption of lighting by 50%. This study is part of a series
of research works on the development of a new window type, which integrates redirection of day-light,
shading, anti-glare, and ventilation. The focus of this study is on the design of the louver at the upper
part of window, which is able to re-direct day-light. The goa is to investigate the dimension and the
tilted angle of the blade for an optimum day-light application.

This study evaluated the impacts from different dimensions and tilted angles on average indoor
illumination, day-light factor, and uniformity for four seasons, through RADIANCE simulations. The
considered depth of the blade is 90 mm, 45 mm, and 15 mm. The tilted angles are 0°, 30°, and 45°.
Four typical days, 3/21, 6/21, 9/23, and 12/22 are chosen to represent each season and 9:00, 12:00, and
15:00 are three monitored time spots for each day.

It has been found that the blade depth of 45 mm has better performance on high illumination, day-light
factor, and uniformity. It has also been observed that the tilted angle of 30° is good at equinox for better
day-light re-direction, and 0 is chosen at summer solstice for better shading.

INTRODUCTION

In lack of natural resources, Taiwan has to import 97% of the required energy. Based on the Energy

! Contact author email: JJ.Cheng@itri.org.tw
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Conference of Taiwan in 1988, it concluded that to promote energy conservation and to increase energy
efficiency are major goals to fulfill and the target for energy saving is to reach 4,187x10* KLOE till 2020.
To reach the target, sectors of industry, transportation, residence/office, and power are assigned to take
31.6%, 16.4%, 19.9%, and 14.9% of the total saving, respectively. For the sector of residence/office,
there are four approaches to reach the quota  They are (1) to raise the efficiencies of
appliances/equipments; (2) to establish indices of energy consumption for building enclosure; (3) to set-up
monitoring methods for building energy assessment; (4) to enforce total building energy consumption
allowance. Among the four approaches, the third one is a supporting task, for which no saving quotais
assigned. The rest approaches are assigned respectively to 40.3%, 16.1%, and 43.6% of the saving
allocated to the residence/office sector.

According to Taiwan Power Company, the electricity consumption of the residence/office sector has been
increasing steadily since ' 70's and reached 31% of the entire electricity consumption in 2000, in which
artificial lighting accounts for about 1/3 of the electricity usage. The effective reduction of artificia
lighting is to maximize the usage of day-light, which may cut-off 50% of the lighting electricity. This
study is part of a series of research works on the devel opment of a new window type, which integrates the
functions of light re-direction, shading, anti-glare, and ventilation. The study seeks to
maximize the usage of daylight through the light-reflecting function of louvers. The focus
isto examine the optimum tilt angle and the depth of the blades in the upper part of alouver.

METHODS

This study evaluates the impacts from different tilt angles and depth of louver blades on the average
illumination, daylight factor, and uniformity of illuminance for different seasons through RADIANCE
simulations. The simulation set-up, examined parameters, and assessment methods are illustrated as
follows.
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Figurel Spacefor simulation
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Tablel Optical propertiesof materialsfor simulations

color and material surface reflectance | light transmittance
ceiling beige paint 0.71 0
upper part of interior wall,
0.9 3.0min height beige paint 0.71 0
lower part of interior wall,
0.0 0.9min height wood 0.317 0
floor brownish-yellow paint 0.337 0
window glazing clear Low-e 0.056 0.795
window frame anode aluminum 0.79 0
upper blade for light redirection polished aluminum 0.85 0
lower blade for shading light-colored aluminum 0.7 0
OUTDOOR INDOOR 500mm
upper part- redirection / Fix 500mm
Fix 4 \“,
Jower part. shacing ’./.,. 1100mm| 3000mm
740mm I 700mm
1440mm 900mm

ground level

Figure2 Window configuration
Simulation set-up
This study selects a rectangle space with one south-facing window, shown in Figure 1, for carrying out
simulations. The window contains two parts, the upper part with the height of 0.5m for the function of
light redirection and the lower part of 1.1m for shading (Figure 1(a) and Figure 2). The configuration of
the window and the louver blades at the upper and lower level are shown in Figure 2.
This study considers three different blade depths of 15mm, 45mm, and 90mm for the upper level louver
and one blade depth 15mm for the lower level. The simulation plane is selected at 0.8m as the height of
desk-top. The plane and the mesh system are shown in Figure 1.  The material, surface reflectance, and
light transmittance for the interior surfaces and window are listed in Table 1.
Taipei, situating at 25 degree north and 121 degree eadt, is taken as the climate for simulations.
According to the classification of IES (Illuminating Engineering Society), this study considers two
weather conditions of clear and overcast. The simulation takes four typical days representing the four
seasons, which are 3/21 as spring (SP), 6/21as summer (SM), 9/23 asfall (FA), and 12/22 as winter (WT).
For each day three time spots are chosen, which are 9:00, 12:00, and 15:00. The tilt angles of the upper
blades are 0, 30, and 45 degree while the lower blades are remained horizontal- O degree.
Assessment methods

This study takes illuminance, daylight factor, and uniformity of illuminance as three indices to assess the
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performance of the tilt angles of louver blade. According to the study of LBNL (Lawrence Berkeley
National Laboratory, 1997), the practical depth of a day-lighted zone is typicaly limited to 1.5 times the
window head height. With a reflective light shelf, this zone may be extended up to 2.5 times the head
height. For a deeper penetration of daylight, this study thus takes the inner part of the simulated space,
beyond the 1.5 times head height, at the height of 0.8m for the evaluation (Figure 1) through calculating
the averageilluminance. A higher value of an average illuminance denotes better performance.

The daylight factor (DF), expressed in Equation (1), is defined as the ratio between the illuminance
measured indoor at a reference point and outdoor global illuminance on an unobstructed, horizontal
surface. In Equation (1), E denotes indoor illuminance and Es outdoor reference illuminance. This
study takes the plane at 0.8m above the floor of the simulated space (Figure 1) for the evaluation by
calculating the average daylight factor. A higher value of an average daylight factor denotes better

performance.
DF = (E/Es)* 100% D

A poor illuminance distribution causes visual discomfort. The uniformity of illuminance is expressed as
the distribution level of light spreading over a space (Lawrence Berkeley Nationa Laboratory, 2001).
Since sun is a variable light source, the uniformity of illuminance due to sun light is calculated based on
the statistical approach of standard deviation and mean-value (Lin, 1998). The average uniformity of
illuminance is expressed as Equation (2), in which Stdevp denotes the standard deviation and Ep, as
mean-value. The standard deviation is shown as Equation (3), in which N is the sample and x is the
corresponding illuminance of the sample. This study takes the plane at 0.8m above the floor of the
simulated space (Figure 1) for the evaluation by calculating the average uniformity of illuminance. A

lower value of the average uniformity of illuminance denotes better performance.
AU = Stdevp/En, 2

Stdevp = (N T x*( £ x)%)/IN?)%° (3)

RESULTSAND DISCUSSION

This study takes the illuminance index as the first priority to beinvestigated. The point isthat daylight is
expected to penetrate deeper into a space as possible.

I lluminance assessment

This paragraph investigates for each season the optimum tilt angle and blade depth to achieve the highest
average illuminance. Figure 3 illustrates the impacts of various tilt angles (0, 30, and 45 degree) and
blade depths (90, 45, and 15mm ) on the average illuminance during morning and afternoon for four
seasons. It has been found that 30 degree tilt angle for all three blade depths achieve the highest average

illuminance value during spring, fall, and winter. For summer the preferred tilt angle is O degree.
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Figure3 Impactsof varioustilt angles and different blade depths of (a) 90mm; (b) 45mm; (c) 15mm on average

illuminance during mor ning/afternoon for four seasons
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Figure4 Impactsof varioustilt anglesand different blade depths of (a) 90mm; (b) 45mm; (c) 15mm on aver age

illuminance during noon time for four seasons

Figure 4 illustrates the impacts of various tilt angles (0, 30, and 45 degree) and blade depths (90, 45, and
15mm ) on the average illuminance during noon time for four seasons. It has been found that 30 degree
tilt angle for al three blade depths achieve the highest average illuminance value during spring, fall, and
winter. For summer the preferred tilt angle is O degree.  From Figures 3 and 4 one can conclude that 0
degreetilt angleis good for summer and 30 degree is optimum for the other seasons.

Figure 5 illustrates the impacts of various blade depths with O degreetilt angle on the average illuminance
during different times of a day for four seasons. It has been observed that both 90mm and 45mm blade
depths achieve higher average illuminance values for all four seasons.  Figure 6 illustrates the impacts of
various blade depths with 30 degree tilt angle on the average illuminance during different times of a day
for four seasons. One can observe that both 90mm and 45mm blade depths achieve higher average

illuminance values for all four seasons.
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Figure5 Impactsof various blade depthswith O degreetilt angle on average illuminance during (a)
mor ning/afternoon; (b) noon time for four seasons
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Figure6 Impactsof variousblade depthswith 30 degreetilt angle on average illuminance during (a)
mor ning/after noon; (b) noon time for four seasons

Daylight factor assessment

This paragraph explores the optimum blade depth for tilt angles of 0 and 30 degrees to achieve the highest
daylight factor under overcast weather condition for different seasons. Figure 7 illustrates the impacts of
various blade depths with 0 degree tilt angle on the average daylight factor during different times of a day
for four seasons. It has been found that both 45mm and 15mm blade depths achieve higher average
daylight factor values for all four seasons. Figure 8 illustrates the impacts of various blade depths with
30 degree tilt angle on the average daylight factor during different times of aday for four seasons. It has
been found that both 45mm and 15mm blade depths achieve higher average daylight factor values for all
four seasons.

Unifor mity of illuminance assessment

This paragraph examines the optimum blade depth for tilt angles of 0 and 30 degrees to achieve the
highest uniformity of illuminance under overcast weather condition for different seasons. Figure 9
illustrates the impacts of various blade depths with O degree tilt angle on the average uniformity of
illuminance during different times of a day for four seasons. It has been found that 45mm blade depth
with O degree tilt angle achieves the best performance by obtaining the lowest uniformity of illuminance
value for al four seasons. Figure 10 illustrates the impacts of various blade depths with 30 degree tilt
angle on the average uniformity of illuminance during different times of a day for four seasons. It has
been found that 15mm blade depth with 30 degree tilt angle achieves the lowest uniformity of illuminance
value for al four seasons.
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Figure7 Impactsof variousblade depthswith 0 degreetilt angle on average daylight factor during (a)
mor ning/after noon; (b) noon time for four seasons under overcast condition
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Figure8 Impactsof various blade depthswith 30 degreetilt angle on average daylight factor during (a)
mor ning/after noon; (b) noon time for four seasons under overcast condition
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Figure9 Impactsof various blade depthswith O degreetilt angle on average unifor mity during (a)
mor ning/after noon; (b) noon time for four seasons under overcast condition
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CONCLUSION

This study is part of a series of research works on the development of a new window type, which
The study seeks to

maximize the usage of daylight through the light-reflecting function of louvers. The focusis to examine

integrates the functions of light re-direction, shading, anti-glare, and ventilation.

the optimum tilt angle and the depth of the blades in the upper part of alouver. Through RADIANCE

simulations, this study evaluates the impacts from different tilt angles and depths of louver blades on the

average illuminance, daylight factor, and uniformity of illuminance for four seasons.

This study takes the illuminance index as the first priority to beinvestigated. The point isthat daylight is

expected to penetrate deeper into a space as possible.
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the highest average illuminance during summer and 30 degree has the best performance for the other
seasons.  For either O or 30 degree tilt angle, both of the 90mm and 45mm blade depths achieve higher
average illuminance values for all four seasons. For the daylight factor, both 45mm and 15mm blade
depths obtain higher values for all four seasons for either O or 30 degree tilt angle. For the uniformity of
illuminance, it has been found that 45mm blade depth with O degree tilt angle achieves the highest
uniformity of illuminance and 15mm blade depth together with 30 degree tilt angle acquires the highest
uniformity. To summarize the performance, the 45mm blade depth is selected for better total
performance on illuminance, daylight factor, and uniformity of illuminance.
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Desktop radiance

Desktop radiance DeskRad

Desktop radiance
Application of Desktop radiance in lighting design of Shanghai Eco office
building project
Abstract As a case of lighting simulation software for lighting design optimization, this paper applies
the Desktop Radiance (DeskRad) in Shanghai Eco office building project. During design phase, the
architect needs to set a right louver size to optimize the project. In order to fulfill the task, comparative
study of the illumination distribution in ground floor lobby with different louver window sizes in CIE

overcast sky and CIE clear sky was performed, and the answer is achieved.
Keyword Desktop radiance, Simulation, Louver, Lighting design
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/
“4E ” (Education)
(Ecology) (Economy) (Ease of use)

1 Green Yo uth Centre, 2 Renewable Energies, 3 Partners, 4E Principleson Lantau Island, HK

Anthony Cheung and K S Wong, Architects, Ronald Lu & Partners (HK) Ltd.Eric Walker, President, Wind
Future (Wind Energy, Solar Cooling & Hydrogen)

Abstract The Hong Kong YWCA is re-developing a hostel facility at San Shek Wan on the south coast of
Lantau Island to expand the area of conference and other amenities, while maintaining a 2-floor design similar
to the origina building in a rural setting. Based upon educational, environmental and cost-benefit
considerations, an integration of two renewable energy systems is explored. Since the site has excellent sun
exposure and the building configuration has a large ratio of roof area to floor area, “solar assisted
air-conditioning” using an adsorption chiller is viable. A “ground source heat pump” further provides the
necessary back-up for the solar cooling and supplies domestic hot water. This renewable energy combination
would save a substantial amount of electricity, benefiting the new facility with lower operating costs and a
quieter environment.

Among other sustainable design strategies, the architecture features a “down-to-earth” approach; with a
dloping green terraced roof weaving various parts of the youth centre together. The green roof helps maximize
the landscaped space, improve the micro climate, offer thermal
insulation, retain storm water, and provide ramped connection between
floor levels, thereby avoiding the elevator requirement and saving costs
and operating energy. The green designs are critically dependent on the
cooperation among the three key partners. the client, the
architect/consultants, and the renewable energy specialist. They
collectively share a vision based on the “4E Principle”, which embraces
a balanced consideration of Education, Ecology, Economy, and Ease of
use from alife-cycle perspective.

20.7.2004 / Rev. 1
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Abstract In view of the deteriorations of our ecologic environment, it is urgent to find a way that can
ease the tension between urban development and natural protection. This imposes a tough task on
Architects, because as one of the magjor activity of human beings, construction consumes a great part of
our resources and energy.

Asin our country, large-scale construction is taking place in the full swing at present and will continue to
last for a long period. In particular, the construction of residential buildings will play a major role.
Therefore, the pressure on ecological environment is immense. The strategy of development we choose
will not only affect the living of ourselves but also our offspring.

In this paper, by analyzing the author’s own project plan, the author tends to apply his study into the real
practice of residential construction.

Key words Ecologica techniques, Construction of residential buildings, Policy and measure
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Shanghal Ecological Building Exhibition 2006

Prof. Joachim Malecki (Construction Ministry Hamburg, Director of the Department for Urban Planning)
Dr. Roland Winkler (SINOBAU e.V., chairman)

Abstract As a Chinese-German cooperation project the sister cities Shanghai and Hamburg will
together prepare and carry out the Ecological Building Exhibition Shanghai to be opened to the public at
the end of the year 2006. This project is based on the positive experience of the Solar Building Exhibition
Hamburg 2005, which is part of an European cooperation project, where 12 partner cities in 5

EU-countries participate in the European Solar Building Exhibition (see also: www.eu-exhibition.orqg).

This exhibition is centrally coordinated by ZEBAU (Center for Energy, Building, Architecture and
Environment), a public-private institution of the city of Hamburg. ZEBAU itself is founding member of
SINOBAU e.V., anon profit association aiming at promoting energy efficient building in China.

Through a demonstration of the possibilities of energy efficient building and the usage of renewable
energy sources the Ecological Building Exhibition Shanghai 2006 will contribute to a sustainable urban
development of Shanghai. It is planned to jointly develop an exhibition concept, to select appropriate
projects and to accompany and supervise every stage from planning to construction until the exhibition is
held in 2006. Furthermore it is envisaged to construct a Chinese-German Centre for Energy and Resource
Management (CERM) which shall promote energy efficient building techniques and renewable energy
technology during and after the exhibition.

The lecture will introduce the main ideas behind this cooperation project and give a summary with
examples of the Solar Building Exhibition in Hamburg as well as the European Solar Building Exhibition.

1.Introduction

The People's Republic of Chinais by far the world's largest consumer of carbon. Over 70% of Chinese
electricity is produced by coal power stations, mostly working with outdated environmental technologies,
if at al. The unfiltered exhaust fumes of cars and the small carbon stoves in private households add to this
aswell. Theair isdirty, towns lie under a haze, breathing falls heavily. The air must get purer.

If the Chinese economy is to continue to grow at the present speed, China will soon overtake the USA as
the world's largest carbon dioxide issuer, with disastrous consequences for the global climate. Therefore,
the rest of the world should have a vital interest in any measures that could help to stop this trend. The
important question is: how to achieve this most effectively? The answer liesin building energy efficiency.
Why? As hardly anyone notices, the ratio of energy consumption for buildings compared to the overall
energy consumption in China has risen dramatically in the last 25 years. This has to do with the
unprecedented construction boom in the same time span. In Chinaright now the incredible amount of 1.6
— 1.9 billion m? of new building space is under construction every year (the current overall floor area of

all buildings amounts to about 38 billion m?). In other words, during the last years and during the next
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decade to come, the floor space under construction in Chinain every single year equals about half (!) of
Germany's existing overall residential floor area.

This has serious implications because new buildings lack even the most basic measures to improve energy
efficiency (Chinese buildings consume between two to three times more energy per square meter than
comparable buildings in Germany). Unlike technical appliances buildings have life spans of at least 50
years and can't be substituted easily to adapt to new standards. As a consequence year by year a huge
amount of floor areain Chinais"locked" in a state of energy inefficiency for many generations to come.
The Chinese government has redlized the gravity of this development and has not only begun to
implement building energy efficiency standards but is also preparing to adopt a quota system to promote
the use of energy from renewabl e sources.

The time is ripe to engage in building energy efficiency in China. This is a not only a key factor in
reducing greenhouse gases on a global scale but also an area where this goal can be achieved far more
easily and quickly than in other domains like renewable energies. The main obstacles are a lack of public
awareness and local know how. To change this, building exhibitions have proved to be very effective.
2.Short Description

A building exhibition is an ideal means to promote energy efficient construction in China because it
incorporates all aspects of energy efficient construction: ecological urban planning, green architectural
design, innovative techniques for heating and cooling and the possibility for the large public and investors

to get convinced through concrete experience.

In the frame of the first “Ecologica Building Exhibition™ in Chinait is planned to build up a new area of
several hectares not only with energy efficient and ecological buildings for housing and business but also
with an intelligent and sustainable infrastructure concerning amongst others traffic, energy, water and
waste management.
The buildings will be developed by German and Chinese planners in close cooperation and built by
construction companies and craftsmen from Germany and China.
After their completion at the end of 2006 more than 50 different house types can be inspected in about 10
weeks during the "Shanghai Ecological Building Exhibition™. After the end of the exhibition, the houses
will be occupied by their owners and users.
The energy supply of the new area should be covered by Renewable Energy Sources to a great extent —
thiswill be an area of Shanghai with almost zero emission of COs..
As a core of the building exhibition it is planned to create a “Centre for Energy and Resource
Management” (CERM) on the grounds of the exhibition, which shall promote energy efficient building
techniologies and renewable energy technology during and after the exhibition. Among the users of the
Energy Innovation Centre will be

= architects and planners

* energy experts

= building suppliers
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= construction companies

= research ingtitutes

= politicians and authorities
The centre shall be used to hold seminars, to conduct workshops, to provide information about every
aspect of energy efficient construction in China as well as in other countries, to exhibit energy efficient
building materials, to establish contacts etc. In other words, it should become an indispensable
information and competence centre for everybody interested in energy efficient construction in China.
3.Location
Why choose Shanghai as location for the first Ecological Building Exhibition in China?
- Although Shanghai does not belong to the heating area of China, the index of energy consumption for
residential buildingsis among the highest. This is due to the excessive and widespread use of air
conditioning and at the same time almost complete lack of insulation.
- The energy consumption of 2000 has reached 54 million tons, among which coa represents 68% of the
total primary energy used in Shanghai. The high proportion of coal consumption has brought serious
adverse environmental impactsin Shanghai. Therefore local energy policymakers have launched
regulations and made new policiesto adjust the energy structure.
- In Shanghai solar energy is now mainly used for water heating. More than 65000 solar collectors are
installed in shanghai (equivalent to about 130.000 m?). But there is no example of integrated solar
application technology in buildings (lighting, heating, cooling etc).
- Shanghai wants to become a global city of the future and to stay the technologically most advanced city
in China (always being challenged by cities like Beijing, Tianjin or Shenzhen)
- The building energy efficiency standard for Shanghai and the Y angzi-region (JGJ-134-2001) has been
put into effect and shall be enforced more rigorously than in other regions. Beginning with 2005 every
new building has to adhere to the existing standards which implies theoretically at least an insulation of
the building envelope. For 2003 it is estimated that about 3 Mio. sgm. of new building space will be
insulated (about 5% of the total construction activity in Shanghai).
- The World Exhibition 2010 will be held in Shangha and is already casting its shadows. The responsible
authorities are completely aware that they have to start now if they want Shanghai to serve as an example
of asustainable mega-city of the future.
- Shanghai is certainly the richest and most internationa city in Chinaand therefore an ideal starting point
and multiplier for innovative concepts.
4.Targetsof the Solar Building Exhibition
- Promote energy efficient construction in China in order to significantly reduce the emission of
greenhouse gases through
0 ncreasing public awareness
0 technology transfer in the field of sustainable building and urban planning in China
0 “best practise” examplesfor planners and administrations
o]

offering Chinese developers, construction companies and craftsmen an easier access to new
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technologies and expertise

- Providing architects, planners and technology suppliers from Europe with an efficient means to enter the
Chinese market for energy efficient construction

- Opening future perspectives for all participants, like for example follow-up-sales - Chinese citizens will
have the possibility to buy the same type of houses they saw at the exhibition and have them built later at
their own plots somewhere else

5.Benefits

The benefits of the Building Exhibition are manifold, ranging from the raising of public awareness for
ecological problems to know-how transfer, business development and — last but not least — a significant
improvement of the local and global environment.

5.1 Public awareness

- Concrete experience: Although more and more Chinese know of the advantages of energy efficient
building they often can't believe it really works or is indeed a feasible option for China. At a building
exhibition they get the "feel” of energy efficient construction, they can see it works and — very important —
they seethat it even goes along with nice architecture and a better room climate.

- Economical arguments: With the help of intelligent simulationsit can be demonstrated how much energy
and consequently money energy efficient buildings are able to save compared to conventional buildings.

- Large variety: A building exhibition can offer a wide variety of different low-energy and solar
buildings so that for every taste and need there should be a suitable building.

- Innovative technology: Chinese are especialy fascinated by innovative technology. In a building
exhibtion all new techniques for energy-optimised cooling and heating, innovative building material
and good urban planning concepts as well as Renewable Energies (RE) can be demonstrated
effectively.

- Education: The planned Energy-Innovation-Centre of the Building Exhibition offers excellent
opportunities for professional education of Chinese planners and craftsmen.

5.2 Contribution to energy-related policies and knowledge transfer

- The experiences of the Building Exhibition can contribute to create a genuine Chinese way of energy
efficient building.

- The Building Exhibition can serve to evaluate current Chinese standards, regulations and policies on
building energy efficiency aswell as help with the formulation of new and more advanced standards.

- Other Chinese municipalities will inspect the “ Shanghai Solar Building Exhibition” and be motivated to
copy that concept in their own town or province.

5.3 Business development and cooperation

- The multinational project of the Building Exhibition contributes to cross-border development and the
implementation of innovative concepts and offers many different opportunities for multinational
cooperation. This also refers to building technologies that make sustainable planning and construction
measures easie.

- Hundreds of regional SME s will erect the buildings - supported by universities and experts
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- European producers and construction companies get direct access to the Chinese market — they are
supported by the project partners and the Shanghai administration.
- The exhibition offers excellent possibilities for trade — for example producers of building materials have
the opportunity to sell their products to Chinese construction companies.
- The exhibition offers new marketing concepts for RES companies, producers of innovative building
materials, planners etc. They can present their products or works at the “RES Fair”.
- Investors will be informed about the building projects and the investment opportunities. Each exhibitor,
key actor or participant can present hisinvestment offers on the exhibition web page.
- Chinese city planners, architects, engineers and craftsmen will be invited to workshops and events.
- An internet-based information system will present each stage of the development and provide further
information on Chinese regulations and the Chinese market.
- Chinese planners, architects, craftsmen, construction companies and manufacturers will be motivated to
join that innovative expanding market.
5.4 Improvement of the environment
- The Building Exhibition will contribute to a heathier urban environment in Shanghai.
- At the same time it will contribute to the reduction of green house gases and therefore to the protection
of the global climate
- The exhibition will serve to demonstrate and promote innovative solutions for every aspect of urban
infrastructure from innovative solutions for traffic systems (car-sharing-stations, solar bikes, public traffic)
to waste and water management systems.
6.Target Groupsand key actors
a) Target groups.

- politicians, civil servants

- City planners, architects, engineers

- building industry and the craft

- energy industry

- investors

- familieg/citizen and residents

- press, TV, broadcasting
b) Key actors:

- government

- municipa authority, politicians

- City planners, architects, engineers

- universities

- building industry and the craft

- energy supply industry

- relevant chambers (commerce, architects, engineers, crafts)

- investors
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Living Tomorrow Shanghai
A window to the world

The Living Tomorrow vision
Living Tomorrow is a neutral, international platform, open to all, offering a fascinating glimpse into the

future and answers the question: How will we live and work tomorrow? It unites governments,

trendsetting organizations and companies each of which demonstrates in its own specialist field how
social, economical and technological developments will have distinct consequences for tomorrow’s home
and work environment.

The mission of the project is twofold: first of all it is a permanent, dynamic and

multidisciplinary forum for al developers of innovative technology. Secondly, it

sensitizes and informs the general public, professionals and media, giving them a
reflection by means of demonstrations, on future economic, technological and social
trends.

At the same time Living Tomorrow aims to offer its participants a maximum ROI by

synergies in the redisation of mutual goals in R&D, vision, social commitment, trend

watching, image, PR and consumer research.

Living Tomorrow has the ambition to create a network of ‘ Houses and Offices of the Future’, with at least
one project on every continent. Two highly successful projects were opened in Belgium and a third
project isinaugurated in the Netherlands December last year.  Shanghai will be the location for our Asian
project.

The Living Tomorrow exposure

Living Tomorrow cooperates with |eading edge companies throughout the world.  The company |abs of

these firms act in close conjunction for innovations within the framework that Living Tomorrow offers
and afterwards present them to their relations and the general public.

Living Tomorrow invites Chinese and foreign universities to cooperate with other labs that are currently
taking part in Living Tomorrow, among which the MIT-Media Lab (Boston), Microsoft Labs (Redmond,
USA), Philips Labs (Eindhoven), Visa International (London) and Unilever Research (Holland & UK).

Living Tomorrow has a strong impact on its professional visitors as well as general public by letting them

expecience the practical implications of the major social, economical and technological trends in the
world. It helps them to broaden their vision and assess the impact of these trends on their future business

and lifein general.
Sudents can visit Living Tomorrow at reduced rates. They can use the project as a basis for their
studies, supported by the study material supplied by Living Tomorrow.

Many Captains of Industry and Science visited Living Tomorrow in the past: Bill Gates (Microsoft),

Nicolas Negroponte (MIT Media Lab), Jacques Santer (former President of the European Commission)
and many other COQ'’s, Cots and researchers from the international business world. Therefore Living
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Tomorrow invites government delegations and top managers to enter into debate, often generating large
media interest.

Living Tomorrow concept details

Organisations in general perceive the cooperation with Living Tomorrow as very interesting and this for

several reasons.  The main reasons for cooperation are its social influence and its extensive experience as

an innovation platform.

Through its unique exposure capability, we sensitise and inform people on the economic, cultural and

scientific trends that will affect their future live and work. Ideas and concepts on future living and
working are integrated in a real-life environment such as a kitchen, a home, an office and a workspace.
Using innovative methods on exhibition arrangement the visitor can experience todays and tomorrows
trends and evolutions in lifestyle, picking up ideas and creating new ideas for their own houses and
workplaces.

Living Tomorrow is not only a knowledge institute which enables knowledge transfer, but also a reputed
R&D and innovation platform. Innovative content is what makes the concept a success. We expect to
cooperate with many Chinese and foreign companies and researchers each in its own specialist field.

Each of the following 10 themes receives ample treatment; media and education, information and

communication technology, energy, home and office automation, environment, safety, mobility, design,

construction, and entertainment and health.

By way of example, the following trends and evolutions have already been
tranglated into usefull applications for every-day-life solutions; e.g. a smart
washing machine connected to the internet will recognise a pair of red socks

in adrum of ‘white’ washing. In that case the display asks you to remove

; the offending socks.  The machine reads the tags on the clothing items, and
sets the right mix of washing powder and softener.

Another example is the magic mirror. Most people begin their day in the bathroom,
in front of the mirror. While washing and dressing, we think about all the things we
have to do, and plan our activities of the day. On the mirror, we have al the
relevant information in front of us. The smart mirror acts as a portal site with all the
desired information: traffic report, wheater forecast, appointments diary and news

headlines. It can even advise you in your clothing or skin cream.  You can review

your blood pressure, heart rate, temperature and body mass index, track the changes
over time and send the results to your personal trainer.

Living Tomorrow will also pay attention to environmentally-friendly applications.
These include the recycling of rainwater, semitransparent solar panels and solar
collectors, a kitchen PC with tag reader for selective waste disposal and the use of
recycled materials.

Some of the new possihilities that are being offered for the * Office of the Future’ are

advanced video-conferencing, virtual archiving and multimedia libraries, and a
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photocopier that summarised and trandates documents. At present in Europe you can not only see
applications such as interactive television, but also portal sites with agent and speech technology, a virtual
desk and advanced WAP & unified messaging. In Shanghai, we will continue our research and
development in thisdirection. Various new Internet applications will aso be displayed.

Governmental Policy Officials are mgjor fans of Living Tomorrow because it offers them a tool that

supports their policy measures and at the same time offers them a tangible, neutral platform in which the

roads of the future are visualized. In the former projects, Living Tomorrow was regularly used by the

government to present its long term strategies (state of the union) or to welcome foreign delegations.

Living Tomorrow takes up the position of a reliable partner based on long term agreements with the
government.

Many audiovisual productions are recorded in Living Tomorrow, mostly in cooperation with the
government, which uses Living Tomorrow to boost its image or to support its policy. Furthermore,

thematic expositions and exhibitions are accommodated, aimed at a specific target public in view of

knowledge transfer on innovations and visionary applications, while aso providing a platform for PR
activities and for organising events like conferences, debates and product launches. Thisiswhy Living

Tomorrow is also considered as an event platform.

For further information, please contact us:
Shanghai Office:

Living Tomorrow Shanghai

Elke Struys

Mobile +86 138 183 95 445
www.livtom.com

Elke.Struys@livtom.com

Living Tomorrow International:
Peter Bongers

Indringingsweg 1

B-1800 Vilvoorde

Belgium

T+32226301 33

F+32 226301 44

Peter.Bongers@livtom.com
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CONTAMW

CONTAMW

CONTAMW
THE APPLICATION OF CONTAMW TO ASSESS AN ECO-BUILDING

DESIGN ON NATURAL VENTILATION

YeJianjun YuanJing Li Jingguang
Abstract CONTAMW, a software tool for simulating indoor ventilation and pollutants, is applied to
predict and assess the |AQ of the SRIBS eco-building during its designing period. It is showed that the
states of the windows and doors affect dramatically the natural ventilation, while local potentia
pollutants do little impact to other surrounding zones. It is also recognized that the limit value of the
temperature difference to satisfy the ventilation demands of human is 3
Keyword Eco-building, natural ventilation, IAQ, CONTAMW, multi-zone model, simulation
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Sustainability: Building the future today

By: JA.M. Baken, General Manager Ecofys BV*
C.A.M. Stap, Managing Director Energy in the Built Environment, Ecofys BV

1. Introduction

There is little need to explain that there is a worldwide necessity for sustainable buildings. From a
technological point of view we are already capable of building houses and offices with avery high-energy
performance (in terms of energy efficiency, generation and usage of sustainable energy). However,
current building practice shows that often we do not produce the quality we are capable of (and
economical issues are not aways to blame).

There are many relations between the building construction and its energy supply. In this paper we will
make clear that an optimal building can hardly be realized when considering the building installations as
‘add ons’ instead of integral elements of the whole. To make the energy supply an holistic element of the
building design requires a vision on various aspects.

In this paper we discuss many ideas that may contribute to the realization of high quality sustainable
buildings. Firstly we focus on the role of the authorities, who define, with their policy, the boundary
conditions for sustainable building. Next we look at the stakeholders in the building process. With some
examples of building projects in The Netherlands we will illustrate that the future can be built today.

2. Policy

The most important goal concerning energy in the built environment is to increase the energy performance
whilst complying with health and safety aspects. A high-energy performance is defined by a low usage of

fossil fuels, or low CO2-emissions per unit of volume.

! Ecofys has a clear mission: a sustainable energy supply for everyone. Thisisthe goal that everyone in our company
believesin and strives for. In acompany that is aleader in renewable energy and energy efficiency, knowledge and
innovation are key elementsin turning the ideas of today into the viable solutions of tomorrow.

An experienced market |eader

Established in 1984, Ecofys specialisesin energy saving and renewable energy solutions. As part of the Econcern group
(www.e-concern.com), we offer research and consultancy services as well as product development. Besides Ecofys, the
companies Ecostream, Evelop and Ecoventures also belong to the Econcern holding.

Over the years we have conducted extensive research and completed projects for many energy companies, housing
associations, building companies, (inter)national and local authorities, and energy consumers around the world. With more
than 150 employeesin six countries, we are one of the largest consultancies in sustainable energy and climate policy.
Broad expertise

Ecofys offers awide range of high quality services, based on our extensive knowledge of renewable energy and energy
saving solutions. Areas of expertise include solar energy, wind energy, biomass, hydrogen technology, energy supply and
climate policies. Our experts are organised around different markets. Technical, financial, legal and planning disciplines are
combined to devel op balanced and cost-effective solutions.

Innovative and forward thinking

Ecofysis aways at the forefront of climate and energy market developments. Because of our activitiesin strategic research
and our contributions to international and local policy development we lead the way in applying these advancementsin our
projects. We also continue to develop new products of our own, or in partnership with other organisations.
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Authorities should stimulate the market to develop buildings with a high-energy performance. Hence,
policy makers have to be focused on the objectives instead of the means (we are in favour of regulation
aimed at a certain energy performance without enforcing specific options).

Figure 1

The Netherlands has chosen to implement a system based on a standard for the energy performance of
buildings. This system gives both the policy makers and the building industry a significant amount of
flexibility. The market forces determine what kind of measures will be developed to meet the regulation.
The Energy Performance value (EPC) is a measure for the expected building related energy use of a house
(space heating, ventilation, cooling and hot water supply), subject to standardized occupant behaviour. An
EPC vaue of 1 corresponds to an annua energy demand for a typical Dutch terraced house of
approximately 1000 m3 of natural gas @35 GJ. A lower EP-value indicates an expected smaller energy
use. The graph shows the devel opment of the Energy Performance Standard (in Dutch: EPN) for housesin
The Netherlands.

The EPN was introduced in 1995, but it is possible to calculate the EPC for the previous years (see also
figure 1). The two oil crises in 1973 and 1979 were the reason for the Dutch government to start
regulating the insulation of buildings. The thickness of insulation was increased, step by step, from 0 to 8
cm’'s and later, in 1990, requirements for double-glazing were also introduced. A second important
improvement was the introduction of condensing boilers for space heating. At the introduction of the EPN
in 1995, the design had to comply with an EPC of 1.4 maximum. In two stages the required EPC has now

been lowered to 1.0 in 2004.
Figure 2

Figure 2 shows that the developments were above the expectation of renowned energy research institutes.
Not too many years ago the progressive decrease of the EPC was believed to be unrealistic because of
economic barriers. On the other hand, demonstration projects were carried out to show that from a
technological point of view low EPCs could already be realized in an early stage. Currently the majority
of both the Dutch politicians and those in the building industry believe the unexpected fall of prices of
sustainable technologies is due to the strict energy performance legislation. Therefore, a new EPC level of
0.8 has been announced for 2006. Even an EPC of zero is being predicted. Various energy concepts
making use of heat pumps and solar energy etc. are possible, reducing the net use of fossil fuels over the

yearsto zero (figure 3).

PANDA Houses

WWF have worked with several large project developers to build very energy efficient houses in 5 locations in the
Netherlands (Nieuwegein, Tilburg, Nijkerk, Almere en Apeldoorn). The project was very successful and has been
continued in 2002 with 'solar houses. The most important features of the project are that the houses are realised without
any subsidies and that they have only made use of proven techniques and measures. These houses are therefore built
within the existing commercial construction and financing methods.

Figure3
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3. Vision
As for al things that humans create, a vision is necessary to design an optimal building. Certainly, the
principal and the architect should develop this vision in the earliest stage of the development process, thus
allowing synergy between the energy supply and the building. Apart from being an element in an urban
environment and determining the structure and atmosphere of a district or acity, abuilding is foremost the
containment of a number of user functions, facilitating its occupants and contributing to their well-being.
Therefore, the energy supply needs to be an integral component of the building and will be of influence on
investment costs as well as exploitation costs of the building.
For this reason the architect of a building must be aware of the implications of the building design on the
energy demand and the indoor climate. An optimal energy supply system can only be achieved when
taking the energy aspects into account in the earliest stage of development of a building.
With regard to buildings we distinguish various aspects that make up avision:

- Thetime-dimension and life cycle approach

- TheTrias Energetica

- Client orientation and stakeholder analysis

- Thelearning curve

3.1 Thetime dimension

Time dimension

All construction activities of today will be part of tomorrow's future. Looking at very old maps of city centers
we will often recognize the street plan that still exists and even some of the buildings that are still in use. This
shows that the choices we make during design of towns, buildings or infrastructure will influence the
possihilities for a sustainable energy future.

How can we design a sustainable energy infrastructure in new areas that will be prepared for the future? Thisis
acomplex question because the whole energy chain consists of different components influencing each other.
Also new clean and sustainable technol ogies are being developed and will be commercially availablein the
near future.

In the table below the different levels of the built environment are given together with the expected lifetime and
aspects that need to be taken care of.

Level lifetime Influence on Aspects affecting the energy use
inyears | lifetime energy
consumption
Urban plan 150-200 | + Solar design
Space for new infrastructure
Density
Building design 50-80 ++ Low energy demand for indoor climate

(e.g. insulation, air tightness etc)
Possibilities for integrated sustainable
energy (e.g. PV, Solar hot water)

Energy infrastructure | 30-50 ++ Affects the choice for in-house
conversion (e.g. natural gas, heat
distribution).

Affects the choice for future introduction
of renewable energy (e.g. biogas, H2)

Distributed energy 15-25 + Source (e.g. natural gas, ail, earth heat).
production Efficiency (e.g. cogeneration)
Building installations | 10-15 + Efficiency, capacity
Synergy with building envelope
Equipment 1-10 ++ Choice affects highly the electricity
usage
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Normally, buildings will have a lifetime of at least 50 years. It is likely that within the life cycle the
installations will be exchanged or retrofitted. The design should facilitate changes to energy supply
system.
Infrastructure
In order to create a truly sustainable energy supply system clean energy carriers should be used, to
eliminate many small sources of CO2-emissions. The most common CO2-free energy carriers for the built
environment are electricity and heat (hot and cold water). In the near future hydrogen has the potential to
become aviable option.
Electricity is a versatile energy carrier with many possibilities. Especially looking at the decreasing need
for heat for space heating, due to the improved insulation, heat recovery from ventilation air etc., the idea
of an al-electric energy supply system for houses and offices is a redlistic aternative for the near future.
On the other hand it is also arelatively expensive form of energy.
The production of electricity always results in the simultaneous generation of heat. We can make use of
this phenomenon by cogeneration of heat and power (CHP). Cogeneration can be realized on the level of:

- Adidtrict (large scale district heating and/or cooling by combined cycle units)

- Onelarge building (large office buildings, flats or a series of terraced houses)

- Onehouse(micro CHP)

Energy chain

The energy supply for the built environment consists of four elements: central sources/production; energy
carriers; local sources and conversion; and end use. The demand for electricity and heat can be met by a number
of energy carriers. Currently these are restricted to natural gas, district heat and electricity. In a sustainable
future other carriers could play an important role, e.g. biofuels, synthetic (natural) gas or hydrogen.

Central Production

\

Carrier / infrastructure

\

Local Conversion

End use
| Energy functions
[

Severa possibilities are available for the central or local production of energy. The CO2-emission in the energy
chainislargely dependant of the fuel source for production. Electricity from coal will emit more than twice the
amount of CO2/kWh compared to a natural gas electricity plant. Renewable sources such as PV, wind or hydro
will reduce the CO2 emission to zero.

Mainly there are two ways to reduce CO2 emissionsin the chain: 1) reducing the energy demand and 2)
lowering the CO2 content of the energy carriers.

Important programs to reduce the energy demand in the built environment are based on a passive design and
making use of insulation, heat recovery, efficient boilers etc. Mainly thisis meant for lowering the heat demand
in houses and offices. More and more we see electricity having a growing part of the total energy demand.
Cooling and lighting are the main applications responsible for this. Therefore programs in Europe more and
more focus on energy efficiency improvement in these areas.

Lowering the CO2 content of the energy carriersin the energy chain will of course help to lower the CO2
emission in the whole chain. For the long term it is expected that new carriers as mentioned above will play an
important role. Another possibility isthe CO2 capture and storing. Some experimental projects are currently
delivering the first results and it is expected that CO2 mitigation could play an important role in the middle term
future.
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When using heat inside buildings we want to work with low temperatures. This enables us to use all kind
of generation methods (solar heat, heat pumps etc.) with relatively high efficiencies.
Heating and cooling can be done with centralized as well as with decentralized systems. District heating
and district cooling can be very interesting options depending on the energy supply chain, the type of
buildings (building density) etc. Networks can aso serve as collective sources for decentralized hesat
pumps.
At the moment there is a trend towards decentralized energy supply systems, also called distributed power
generation. Thistrend is based on various developments:
- Liberalization of energy markets
Liberalization makes the network accessible for small producers
- Increasing need for autarkic systems
The fear for terrorism and the fear of failure of the function of the market (black outs) feed the
need to become self-supporting
- Technological developments
Theintroduction of low cost photovoltaic systems, micro CHP-units etc. make decentralized
power generation more attractive.
3.2 Lifecycle approach
With respect to energy we need to realize that the building design influences the energy consumption
during the entire lifetime of a building and that this energy consumption can be quite significant. For a
house, the building related energy demand (depending on the climate zone) is in the range of 40 GJ/year.
With a lifetime of 50 years this results in an energy use of 2000 GJ or some 350 barrels of oil. Still,
feasible energy saving measures are often not implemented because of economical constraints. Normally,
the beneficiary party will be the occupant and not the initialy investing project developer or housing
association. New ways of organizing the energy supply could offer a solution for this problem. Actually,
the occupants of a building are not interested in electricity or hot water, they want light, a nice indoor
climate etc. Energy service companies (ESCO’s) can provide services that fulfil the needs of the end-users
in a more direct way. Outsourcing of the energy supply to ESCO’s can result in optimization of the life
cycle costs. We see a trend where installers get involved in the early stages of the building process to
guarantee performances for a fixed price for comfort, safety, ICT and energy management in a building.
We also notice a trend of building companies leasing buildings to the occupants. This is also a formula
that stimulates the market to use alife cycle approach.
3.3 TriasEnergetica
Any amount of energy that can be reduced will not have to be produced. So, the first priority should be to
avoid waste of energy. Orientation of the building, positioning of the rooms with specific functions,
insulation, etc. are good examples of measures that are very economical and can save agreat deal of
energy. The remaining energy demand should be met by renewable energy as much as possible. Only if

necessary the remainder of the energy demand should be supplied by efficient use of fossil fuels.
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1 reduce the energy demand by rational use of energy

2 use renewabl e energy

3 utilize fossil fuels with maximum efficiency

3.4 Client orientation

There are many stakeholdersin the building process (NB: in many cases the occupants who have in fact
the largest interests are not present during the actual building process!). The interests of the various
stakeholders depend on the specific situation (ownership, organization of the energy supply, etc.). The

parties involved in the building process should be aware of the interests of all othersinvolved.

Stakeholder Interests

Principal/ Project developer Profit

Architect Name and Fame
AuthoritiesMunicipality Compliance with regulation
Consultant Innovation

Construction firm Turn over / Profit
Owner/Occupant Comfort

Energy company Client relations

Supplier Turn over

Occupant Comfort

3.5 Learning curve

New legidation is one of the driving forces for a continuous development of new sustainabl e technologies
all over the world. Before these technol ogies become commercially available, they will follow alearning
curve through stages such as prototype, experiment, demonstration and best practice. Putting the new
technologies into practice will improve reliability, create markets and lower prices.

Figure 4. first zero energy street

Large scale introduction of new technologies will not take place if reliability and price are not fully
optimised. Therefore, ambitious new developments could make use of a‘dynamic’ development scheme:
experimental and demonstration technologies will have alimited role in the first phase of a development,
for example only 2% respectively 18% of the total building volume. Hence, these technologies will be
improved, lessons will be learned and prices will go down. This will smoothen the path for large-scale
application of this technology in the next phase of the development. Thisis shown in the following picture.
Figure 5: learning by doing

The integrative approach: arecipe for sustainable building

Can we afford sustainable building? We think the question should be: * Can we afford not to make our
buildings sustainable? Already we experience the negative effects of the human energy use. Together
with the oil prices we may expect that in general energy prices will rise steeply within the next years. It is
obvious that not al available options for energy conservation and for renewable energy are feasible yet.

However, by using an integrated approach many costs can be reduced or avoided.
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One exampleisthe integration of photovoltaic solar panelsin the envelope of buildings, replacing other
construction materials.
Figure 6: Integration of PV
From the societal point of view we should optimize the life cycle costs and not just focus on the
investment costs. Especially in alarge market like China, the scale-effects will have alarge impact on the
price of new technology and materials.
To summarize the above mentioned ideas, a number of essential steps should be taken to create an
integrative approach to sustainable building:
Figure 7 : vision: a necessity for integrated approach

DESIGN PHASE
1. Create avision on the integration of energy supply in the building design; always consider the energy
supply system as an integrated element of the building(design).
2. Make sure all disciplines are represented in the design team and use methods that allow/facilitate co-
operation between the disciplines.
3. Make sure to get a clear picture of the required user functions of the building (for this a stakeholder
analyses can be quite useful).
4. Analyse the relation between the building and its environment;
building orientation, available infra structure, organization of the energy supply are important elements.
5. Keep future options open where possible.
6. Use the Trias Energetica as aleading guideline for your design.
7. Tranglate your vision into a concrete terms of requirements.
8. Use alife cycle approach to evaluate the feasibility of investments (make sure to involve the

exploitation costs in the analyses).

PROCUREMENT AND CONSTRUCTION PHASE
1. Ensure continuity in the building process;
results from the design phase should be used in the procurement and construction phases.

2. Use clearly defined procedures to assure the quality during the construction phase.
EXPLOITATION PHASE
1. Make guidelines for the users of the building and for service and maintenance companies to ensure that

the installations are used correctly.

Literature
1. Gilijamse, W.J.A., lectural speech at Saxion University, March 19, 2004
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Environmental assessment of buildings — development and trends

I ntroduction

Sustainable construction as quality issue in building projects has developed over the last 10 yearsin a
number of European countries, including The Netherlands. But aso outside Europe, e.g. USA, Canada,

Japan. Background is sustainable development as defined for the first time in the United Nations
Brundtland report. Sustainable construction is the contribution to sustainable development of decisions
about the built environment.

The scope of building quality issues has widened from the building itself (indoor climate, building physics)
to the impact of buildings upon resources (upstream data) up to the whole life of buildings including re-

use of existing buildings and demolition strategies. Issues like adaptability and flexibility become part of

the equation.

Sustainable construction combines a focus on quality for the users with the condition of such use of

resources that the environment as a whole does not get overloaded or over-exploited.

Sustainable construction introduces life cycle thinking on all aspects of a building: architecture,

construction methods and structural engineering, mechanical and electro technical installations. The use-

value and cultura identity are essential.

Adaptability and flexibility are key aspects to achieve sustainable buildings.

Sustainable construction involves al participants in the building sector. Developers and investors develop
buildings, designed by architects and consultants. This process is closely related to the governmental

regquirements and the user demands.

This article focuses on the development of tools aiming a a sustainable built environment in the
Netherlands. The building sector in the Netherlands was first identified, in 1990, as an ‘environmental’

sector in the National Environmental Policy Plan, the so-called Sustainability Agenda and its Annex on

Sustainable Building. The Netherlands' history in reducing energy use in the building sector goes back to
1973. Also other basic environmental concerns have been addressed in legislation for many years, e.g.

through zoning taking into consideration noise, contaminated land, water and air pollution and minimum

requirements as to indoor climate.

The Sustainability Agenda of 1990 added new environmental issues such as lifecycle impacts of energy
use, consumption of materials, water and land and improved indoor conditions and so-called ecological

zoning, e.g. defining nature zones and areas between cities as ecological areas. The Dutch government

regards Lifecycle Assessment as a suitable method for formulating rules and regulations governing the use
of materials and products.

The Dutch Environmental Council for the Construction Industry has put together various indicators for

determining the environmental performance of a product, namely exhaustion of resources, emissions (to

air, water and soil), energy, waste and nuisance.
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Also present and foreseeable building rules and regulations prompt the building industry to reflect on
environmental aspects.

Initiatives from different actors in the market moved the issues forward. The building sector as a whole
agreed on information documents describing sustainable building measures for urban planning,
infrastructure and buildings.

Construction products manufacturers agreed on an environmental declaration scheme through which the
environmental impact of materials can be specified as technical specifications.

An environmental assessment method for buildings was established by the building industry, using the
environmental declaration scheme as input for devel oping databases.

The government sets performance targets for energy consumption of buildings in use and is developing a
so-called Environmental Material Performance Standard.

Cities and municipalities develop projects meeting requirements based on the above schemes and
approaches.

Energy Performance Standard

In 1996, the government set performance targets for energy used by buildings as part of the national
Building Code. When submitting a building plan to a local authority, the party requesting planning
permission must present a calculation of the building’s Energy Performance expressed by a so-called EP-
coefficient (EPC). This is calculated by dividing the characteristic use of energy of the building by an
admissible characteristic energy performance. The characteristic use of energy of a building corresponds
to the energy required for heating, ventilation, lighting and hot water. The lower the EP-coefficient, the
better the energy efficiency.

Establishment of an Environmental Construction Product Declaration Scheme

In 1999, manufacturers of construction products agreed on an environmental declaration scheme through
which the environmental impact of their products can be specified. Buyers and sellers of construction
products as well as others active in the building sector have increasingly been requesting information on
the environmental aspects of materials used. To meet this demand, lists of environmental preferences were
drawn up and published in the Handbook on Sustainable Building (Anink et a. 1996), of which the first
version appeared in 1991. However, according to the building industry, the information given appeared at
times to be based on inaccurate data, and the industry therefore decided to provide this information on its
own following an Environmental Product Declaration Scheme, MRPI, i.e. Environmentally Relevant
Product Information. The Dutch Federation of Suppliers to the Construction Industry defines MRPI as
follows:

Verified information on the environmental aspects of a building material, construction product or building
module generated at the initiative of a manufacturer (or its representative) by means of an environmental
lifecycle assessment (LCA) study which can be used for communicating with specific target groups.

To create an MRPI page, a manufacturer needs a Lifecycle Assessment (LCA) performed by a certified

research ingtitute according to the MRPI-procedure. After verification, the data are summarised on an
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MRPI page. This MRPI page thus contains verified environmental information on the materia or product.
DHYV develops MRPI pages for clients.

Introduction of a Building LCA Tool: Eco-Quantum

Until recently, only construction products were subjected to LCA. But a building is more than an
assembly of components, so establishing an LCA of completed works is important. In order to provide
architects and developers with an instrument to measure the environmental performance of buildings the
Steering Committee for Experiments in Public Housing, the Dutch Building Research Foundation and the
Association of Dutch Architects and the government supported the development of Eco-Quantum.
Eco-Quantum is a computer program based on LCA. It calculates and quantifies the environmental effects
during the construction and life of a building, from the moment the raw materials are extracted and
transported, via production, erection and use to demolition or dismantling. This includes consumption of
energy and water, maintenance during use, differences in durability and maintenance requirements and the
need for re-building. Eco-Quantum also takes into account the possibility for selective demolition and
renovation.

Both architects and local communities welcomed Eco-Quantum as an easy-to-use tool enabling them to
improve the environmental quality of projectsin an expedient manner. Their only negative comment was
that some material alternatives were not yet integrated. Work is and will remain ongoing to improve that
part of Eco-Quantum by adding aternatives. This will be facilitated by the above mentioned
Environmental Product Declaration Scheme (MRPI) whereby industry provides certified data that can be
entered into Eco-Quantum.

DHV assists SBR in marketing Eco-Quantum and by evaluating large numbers of projects against it, and
publish results. Also DHV develops applications of Eco-Quantum in cooperation with municipalities who
want to develop sustainable building policies.

National packages concer ning sustainable building

The Action Plans on Sustainable Building mention ‘harmonisation' as one of the four directions for
spearhead action. In 1995 and 1997, two such Plans were published. An outcome of this was the
development of National Packages for Sustainable Building to harmonise the various requirements
prescribed by local authorities in the field of sustainable building. A National Package is a collection of
measures and recommendations. It can function as an instrument for local authorities because they can
select measures appropriate to their policy on sustainable building. If a local government decides to
enlarge its policy on sustainable building, the measures can also be enlarged, or a larger selection of
recommendations can be made. Up to 2004, such National Packages have been published for new and
existing housing, commercial buildings, urban planning and infrastructure.

Broad consensus within the construction industry and among product manufacturers, developers and
government has been achieved on the definition of sustainable measures. The National Packages are now
used to define criteria for new project developments, to create agreement within project consortiums and

to define eligibility for *green’ financing schemes.
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In the late nineties, about a hundred building projects were selected as demonstration projects for
sustainable and energy-efficient building. The Netherlands Organisation for Energy and Environment and
the Steering Committee for Experiments in Public Housing jointly run a programme to financially support
and disseminate information about these projects. The National Packages have been used to identify the
eligibility of such demonstration projects.

DHV has developed five of the National Packages Sustainable Building in The Netherlands.
Observations

Globally, nationally, regionaly, and locally relevant environmental targets must be addressed to
economical sectors, including the construction sector. These should be short, medium and long-term
environmental targets. Ideally these targets are agreed between major partiesin a sector.

There is a need to integrate principles of sustainability into the practice of design, construction
maintenance and management of buildings. The parameters that matter most must be identified in a
language that is consistent with the issues typically addressed in the construction sector.

A clear link between environmental issues and the impact caused by a building must be established, and
communicated. There is a need for building environmental assessment methods, which respond to
environmental issues, and define sustainable levelsin existing language and parameters.

Many of the current building environmental assessment methods apply for each method unique credit
systems and weighting methods, and result into unique single units. There is the risk that communication
about such single units or a certain rating becomes a target in itself without the possibility to make
reference to the relevant environmental issues.

Even though the issues raised in the methods do overlap, each country launching a method develops
indicators for their own market. Building environmental assessment tools have been most successful in
countries, where government, industry, developers, architects and Life Cycle speciaists develop common
language and indicators.

There is a trend to address environmental issues in relation to decision-making steps. Most current
environmental assessment tools have started from completed design assessments. Latest developments
demonstrate that other relevant stages are now also addressed to mention: early design and building
management and operation of existing buildings.

Most tools combine self-assessment, with a type of external assessment, which if often related to a
certification procedure of the results. Such procedure guarantees the quality, while the involved parties
can aso work with the method directly.

The certification route seems to be most successful, and consistent with working method of building
managers. On the other hand some opposition from architects and designers is reported, since the
procedural route does not always challenge designers.

Sustainable construction is often implemented through approaches primarily based on checklist of
measures. Most tools are based on application of such measures and good practice approaches. This limits
the assessment to known solutions. Sustainable construction however should be implemented through

integrated approaches, and optimised solutions within the domain of each player in the construction sector.
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The trend towards performance-based assessment may help to overcome this drawback and challenge
designers and building managers to freely invent innovative solutions.

Conclusions

Inclusion of sustainability and energy requirements in the Building Codes is the most important in order
to achieve a good baseline quality. The implementation of the energy performance standard has been
extremely successful.

Practical design information and reference material play an important role for building designers and
design institutes. The National Packages Sustainable Building have proven to offer a good platform for
dissemination and communication.

Excellent quality should be rewarded by the introduction of a building certification scheme. This must be
based on scientificaly justified environmental assessment methods, supported by industry driven
environmental databases.

Good practice demonstration projects supported with information dissemination activities have proven to

be most convincing to the construction sector.
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Summary

This paper concerns the application of sustainable energy for heating and cooling of buildings. It will be
shown that winter cold and summer warmth are well applicable for this purpose. Various innovative
energy concepts will be presented, which are suitable for China and are widely used in The Netherlands.
Experiences with the market introduction of these new technologies will be briefly discussed because they
may be useful for Chinese architects, designers and governmental organisations.

I ntroduction

Cooling and heating of buildings is required to achieve a nice living climate and a comfortable working
place. For office workers a good indoor climate improves the productivity by 2 — 10 percent. Figure 1
shows investment results for the West European situation. The loss of productivity increases when the
ventilation rate is lowered and especially when no cooling is provided. Fifty lost hours a year means about
3% productivity drop corresponding to €1600 per employee a year. Investing in a good working
environment appears to be very profitable.

On the other hand cooling and heating with conventional equipment, chillers and gas or ail fired boilers,
take alot of energy. Fossil fuel reserves are not inexhaustible and nowadays we are going to experience
that the production of cheap oil can not limitless be forced up. As soon as the oil demand exceeds the
supply, the price will go up. From the economic point of view it makes sense to pursue high energy
efficiency in heat and cold supply for buildings. This can very well be achieved by applying sustainable
energy sources as will be discussed in this paper.

Chooseright energy source

Applying natural energy sources, like winter cold and summer warmth, avoids the spilling of fossil fuels
(cod, ail, gas) for ‘low-grade applications'. Keeping a building at a temperature of 22 °C is clearly a
‘low-grade application’ as it requires temperature levels of only 10 — 50 °C. Fossil fuels should be
reserved for high-grade applications like high temperature industrial processes, power generation or input
for the chemical industry.

From the environmental point of view it is necessary to control the growth of the energy consumption to
reduce the CO2-emission and to avoid global warming, of which the occurrence has already been noticed

(figure 2).
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Peak shaving

In climate zones where cooling is required in summer, the electrical peak load in cities may increase
enormously due to al the air conditioning equipment turning into operation simultaneously. The required
capacity of power plants and the electrical infrastructure is strongly determined by the cooling power
peaks. Storage of free winter cold for cooling in summer saves a lot of money and contributes to peak
shaving over the year.

DEC: cooling with solar heat

Air can be cooled by dehumidification, heat exchange and humidification. This type of air conditioning is
known as Desiccant Evaporative Cooling (DEC). It is an energy efficient process, enabling the application
of solar heat for cooling purposes.

The working principle of DEC is shown in the figures 3 and 4. The sorption wheel (A) plays akey rolein
the system. It is a heat recovery wheel with a coating of sorptive material (e.g. silicagel or
lithiumchloride). With this sorption wheel the air can be strongly dehumidified.

Winter

In winter both the sorption wheel (A) and the second heat exchanger (B) are used for heat recovery from
exhaust ventilation air. Up to 85% of this heat can be recovered for heating the ventilation supply air.
Additional heating may be unnecessary with this system. Thanks to the sorption wheel 80% of the
moisture in the exhaust air can be recovered for humidification of the supply air.

Summer

In summer the ventilation supply air has be cooled. Firstly this will be done by humidification and
adiabatic cooling of the exhaust air in humidification section (C). The process is shown in figure 5. If
more cooling is needed, a two stage process is used (figure 6). The incoming outdoor air is being
conditioned in 3 steps:

1. drying in the sorption wheel (A); step 1-2 in figure 6;

2. coaling in heat exchanger (B); step 2-3;

3. humidification of air (C) and adiabatic cooling; step 3-5.

The sorption wheel has to be regenerated, which means that the moisture is expelled from the sorption
material by heating up the air (step 8-9 in figure 3). The maximum required temperature for the
regeneration heater (E) is about 70 °C. With this temperature the outdoor air of 28 °C, 60% r.h. can be
cooled down to 15 °C. Solar collectors can produce the heat for regeneration. The efficiency (Primary
Energy Ratio) of the 2-stage cooling process is 0,6 which is comparable with absorption chillers. It means
that that the regeneration heat must be solar heat or free waste heat. Regeneration heat from a gas fired
boiler is energy inefficient compared to electrical chillers.

An example of an installation with DEC and solar collectors is shown in figure 7. The solar heat is stored
in a buffer tank. In case of a heat shortage from solar the boiler will additionally deliver warmth. Figure 8

shows the measured results during awarm day. The outdoor air is cooled down to about 18,5 °C.
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Ener gy efficiency
Both in winter and summer the energy consumption of a DEC system with solar collectorsis lower than a
traditiona installation (boiler + chiller). In The Netherlands the overall saving of energy for heating and
cooling amounts to 45% (table 1).

Tablel Energy consumption and saving with DEC

Eenheid Conventional DEC system with solar
Summer / cooling [m3ae] 3700 3600
Winter / heating [mae] 12500 5300
Total [mae] 16200 8900
Saving with DEC [m3ae] - 7300
system [%0] 45

Profitability

The most expensive part of a DEC system is the sorption wheel. Also the solar collectors may still be
rather expensive. The investment costs of an air handling unit of 20.000 m*h and up with DEC is
comparable with a traditional unit in combination with electrical chillers. Smaller systems with DEC are
relatively more expensive. For a good investment comparison of DEC with a conventional cooling system
one has also to take into account the costs of the electrical power connection, the extra technical room for
cooling equipment, cooling towers etc.

Moreover DEC systems need much less maintenance than mechanical chillers, they do not need
refrigerants and they consume less energy. This means that the annual running costs are lower and an
extrainvestment will be paid back.

|sDEC applicable for China?

The best performances of DEC will be achieved in regions with little humidity, much solar radiation and
high air temperatures. In Shanghai the average relative humidity is high (figure 9) and DEC will require
much energy for dehumidification. It is expected that DEC will be most suitable in inland towns like
Xi'ang and Zhengzhou.

Seasonal energy storagein the soil

There are various different ways to meet the need for heating and cooling in built-up areas (offices,
university buildings, hospitals, shopping centres etc.). Apart from generating cooling through chillers
(mechanical cooling), absorption cooling or DEC there is the possibility of storing winter cold in the soil
to meet the cooling demand in summer.

Seasonal energy storage in water bearing sandlayers (aguifers) can offer a viable alternative to
conventional methods of cooling. Economic aspects are an important factor in choosing the required
cooling system. Reducing energy costs and environmental aspects are of growing importance.

Aquifer seasonal cold storage could be cost effective in offices larger than 4.000 m? hospitals with 300
plus beds and other buildings with a cooling load of 400 kW and up. Cooling is often the main purpose of
energy storage. However both cold and low-temperature heat can be stored and utilized. Seasonal storage

cuts the annual energy consumption and energy costs for cooling by 40 — 80%. In The Netherlands aquifer
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storage is proven technology. Over 250 large aquifer storage projects have been redlised in the past 15
years. It isaprofitable alternative to chillers.

Aquifer storage technology

The working principle of aguifer storage is simple (figure 10). The energy is stored in a water bearing
sandlayer, aso called aquifer. The groundwater is pumped up and injected with two wells (a doubl et).

In the winter season groundwater is pumped up from the warm well. The groundwater is cooled down
with cold air or with the aid of a heatpump. The groundwater is stored in the cold well at a temperature
level of about 8 °C.

In summer the process runs in the opposite way. If cooling is needed the groundwater is pumped up from
the cold well and used for cooling the building. The groundwater is warmed up till about 18 °C and
injected into the warm well.

Only the groundwater pump needs electricity. Compared to a mechanical chiller the power peak reduces
by 90%.

Heatexchanger

The groundwater circuit has to be separated from the building circuit to avoid corrosion or air leakage into
the groundwater flow. This is done with a plate heat exchanger which has to be placed at ground level or
below. Too much height would aso cause a high pumping pressure and energy consumption as the
groundwater is not a closed loop circuit.

Aquifer storagein China?

The availability of free cold in winter is a necessary condition for seasonal cold storage. In figure 11 the
average monthly temperatures of Beijng and De Bilt (Netherlands) are shown.

Cooling in buildings is required at temperature of £17 °C and up. The cold demand corresponds to the
area between the maximum temperature curve (upper dotted blue curve) and the line of 17 °C. Cold
storage starts at temperatures of +9 °C and lower. The availability of usable cold can be estimated with the
area between the line of 9 °C and the minimum temperature curve (lower dotted blue curve).

Compared to De Bilt the temperatures in Beijng are higher in summer and lower in winter. However it
shows from figure 11 that enough winter cold should be available in Beijng to apply seasonal storage.

In figure 12 the average temperature curves of other Chines cities are shown for various degrees of
latitude. Macao appears to be much to warm for seasona cold storage. Sheyang and Liyang are at the
boundary. The less hours are available in winter for cold storage, the bigger the equipment has te be in
order to get enough cold.

As arough guideline one could say that Chinese regions northern of +30° northern latitude have enough
free cold in winter to meet the summer cooling demand in office buildings.

The availability of aquifers is a second criterion to apply seasona energy storage. Generally speaking
aquifers are present in delta areas. The Netherlands is a delta area and over 80% of the soil contains
agquifers. In China the region as indicated in figure 12 may contain aquifers as it looks like a delta area.
Thisis in accordance with Chines publications from 1980 an dearlier on groundwater use and storage for
cotton mills.
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Cooling capacity and costs

A groundwater flow of 1 m*%h gives 8 to 12 kW cooling capacity. One doublet configuration can
approximately produce 100 to 120 m*h groundwater. This gives a cooling capacity of 800 to 1,400 KW at
maximum for one doublet. A higher cooling capacity requires more cold and warm wells.

The costs of the whole storage installation (wells, pumps, piping, engineering, permission) are strongly
related to the well capacity. The indicative investment costs ranges from € 2500 to 3500 for 1 m*h
groundwater flow in a doublet configuration. It makes sense to apply a temperature range of 8 — 10 K
between extraction and injection temperature in order to reduce the costs per KW cooling capacity.
Profitability of aquifer storage

In order to know the profitability of aquifer storage a technical and economic feasibility study has to be
done. The technical feasibility mainly depends on the availability of a suitable aguifer and the proper
design of the cooling system in the building. Especialy the chosen temperature levels and sizinf of
heatexchangers should meet the specific characteristics of an aquifer storage concept.

The economic feasibility firstly depends on the energy tariffs that implies the savings of energy costs and
secondly the investment costs for making the wells for the storage system compared to the investment for
aconventional chiller.

To give an impression of the economic feasibility a number of Dutch projects have been shown in table 2.

Table2 Key figuresof some storage projectsin The Netherlands

Project description New building | Cooling Cold demand to | Storing cold Pay back Investment Yearsin
Extension capacity of | storage with period costs system | operation
Retrofit storage [MWhyr] [year] with storage | [year]
[kW] x 1000 €

‘Groene Hart’ Hospital E 600 310 air handling 4.6 430 11
units

Hospita ‘ Zuiderziekenhuis' R 500 300 air handling 636 9
units

Head quarters Schiphol N 2000 1130 dry cooler and lower 1070 8

Airport air handling investment
units

Rijksmuseum R 1000 770 drycooler - 681 7

Maria Hospital E 1000 920 air handling 35 680 7
units + dry
cooler

Office building Anova N+R 1550 580 heatpumps + 18 772 8
drycooler

Office building Zwitserleven | N 1300 875 heatpumps + 55 636 7
airhandling units

Philips Compentence Centre | R 2000 900 drycooler lower 1163 7

investment

Ministry of Foreign Affairs R 500 440 cooling tower 1 350 6

Office Queens Towers R 1650 824 heatpumps + air | - 4
handling units

City Centre Alphen N 1700 765 heatpumps 4 3

Cisco Building N 3000 8370 heatpump + 41 3
cooling towers

Town quarter ‘ Oostelijke N 8300 4980 heatpumps + 6 5

Handel skade' surface water

Town quarter ‘Paleiskwartier’ | N 7000 3850 heatpumps + 5 3
pond

For most of the projects the pay-back period is less than 6 years and in some cases the investments of the

storage system are even lower than for a conventional option.
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I ntegration of heating and cooling

If the cold and heat demand of a building are more or less in balance, it may be attractive to apply a heat
pump for space heating. The cold storage serves as a heat source for the heat pump, as is shown in figure
13.

In winter the heat pump runs for heating the building and additionally produces cold to load the storage.
In summer mode the storage delivers the cold for cooling. Optionally the heat pump can also be applied in
summer for additional cooling during peak |oads.

In The Netherlands the office building of Anova Insurancesin Amersfoort (floor area 26,000 m?) was the
first project with this system concept (table 3).

Energy efficiency was one of the key issues when the retrofit and extension of the original building started.
Many energy saving measurements were taken to reduce the need for energy, such as: low energy glazing
(U-value < 1.8 W/m?K), automatic lighting control, speed controlled pumps and heat recovery from
ventilation air. However not only a high energy efficiency but aso a perfect indoor climate was required.
Therefore climatic ceilings were applied for both heating and cooling. Each room has individua
temperature control. Climatic ceilings are very well suited for a system with heat pumps and storage
thanks to the moderate temperature levels.

The integration of heating Table3 Main data of the energy system for Anova office building

Energy storage: Heatpumps:
and cooling saves 40 to - number of wells 2 - number of units 2
50% fossil fuels compared - depth of the wells 240 m - comprr type Screw
- average temperature - refrigerant R-407C
to traditional chillers and e cold well 8 °C
. . o warm well 17°C
gasfired boilers. . _
) ] - cooling power 2000 kW - heating power 2 x 462 kW
Theinstallation wastaken | - groundwater flow 10-120m3/h | - design temperatures  50/44 — 11/6 °C
into operation in 1996. A - stored energy 1000 MWhl/y - average COP 41

monitoring program was carried out, showing that the heatpumps function properly.

Nowadays tens of similar projects have been realised. In some of them the solution with heat pumps and
aquifer storage appeared to be very cost effective compared to the traditional alternative.

Examples of innovative concepts with storage, heatpumps and solar

Seasonal thermal energy storage is a very useful concept to apply sustainable energy in individual
buildings or town zones. Seasonal storage tides over the time gap between supply and demand of energy.
Winter cold, solar heat from summer become useful in thisway.

When collectively applied in atown zone with avariety of buildings, seasonal storage a so functions as an
exchange of cold and heat between different types of buildings. Dwellings need only warmth for space
heating and domestic hot water, whereas office building need much more cooling. Seasonal storage
combined with heatpumps enables the exchange of the both. The result is an overall saving of over 50%
of fossi| fuels.

In the following chapters 4 examples from The Netherlands will be presented to illustrate this:

1. Aquifer coupled heatpumps for newly built houses

2. Solar energy and storage for aretrofit housing project
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3. Solar energy, storage and heatpumps for a newly built city zone with commercial buildings, houses,
shops etc.
4. Smart integration of storage and heatpumpsin a small commercial office building
1. Aquifer coupled heatpumpsfor newly built houses
In domestic houses various heatpump projects have been realised. Traditionally the Dutch houses are
equipped with high efficiency gas fired boilers, connected to the fine-meshed gas grid in the Netherlands.
Electrical heatpumps are more a more expensive solution. The main reasons for applying aquifer coupled
heatpumps are:
- Energy savings, 25 — 50% less fossil fuels compared to boilers. Local governments often
stimulate energy efficiency. Part of the deal with project developers may be a higher energy
efficiency than the national Energy Performance Code stipulates.
- Although cooling in dwellings is not yet common, it becomes more and more popular. With an
aquifer system the cooling can be delivered by the groundwater, whereas the storage is (partly)
regenerated with the waste cooling warmth.
In one-family houses individual heatpumps are applied. The heat source is a collective low-temperature
network which is fed by a central aquifer storage system. For apartment buildings a central heatpump is
more usual, often combined with a peak power boiler. The heat demand in an average new dwelling is: 15
GJlyr for space heating and 7.3 GJ/yr for hot water. In the Netherlands it is usua to build 30 — 50 houses
per hectare.
Regeneration of the aquifer is easy to do in the summer season. Solar energy for regeneration is collected
with surface water (Broekpolder project) or with road collectors (project in Heeteren, see figure 15).
Cooling will improve the inner climate of the dwelling and will also contribute to aguifer regeneration
(about 30%).
2-MW project; the most energy efficient heating system in a retrofit housing project
In March 2003 a unique energy system was set into operation. Nine blocks with 382 apartments are to be
heated with solar energy. Seasonal aquifer storage and heat pumps are applied for optimal utilization of
the solar energy. The apartments are going to save 70% energy compared to the original situation.
Initiators of the project were three housing corporations and a utility company. This project is expected to
be thefirst in a series of similar projects in existing housing districts.
Large-scale retrofit
The 40-year-old apartments have been upgraded by an extensive retrofit. New toilets, bathrooms and
kitchens were installed. The thermal quality of the envelope has been improved by additional insulation of
the walls and floors and new windows with low-emissive glazing. As a result the existing radiator heating
system is oversized and can operate at lower temperatures. This makes them more suitable for sustainable
‘lower-grade’ energy sources. In each dwelling a mechanical ventilation set was installed. With this

package the apartments are expected to last for at least 15 more years.
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Heating system

Originally tap water heating was done by individual gas fired heaters without a flue gas outlet. These
heaters had to be replaced by another more convenient solution allowing a somewhat larger warm tap
water flow. Space heating was provided per block by centrally placed boilers with a heat distribution
network. The boilers had aso to be replaced.

The housing corporations had originally planned to install individual gas-fired boilers per apartment for
both space heating and hot tap water. However, such a solution would take up scarce living space, making
it less attractive for the residents.

A centralized heating system based on sustainable energy therefore appeared to be a good aternative.
Both the housing corporations and the local government strongly supported this solution and initiated a
cooperative venture with a utility company. Table 4 shows the timeline for the project

Table4 Project timeline
1998 1999 2000 2001 2002 2003

Initiative

Energy study, system concept

Preliminary and final design, tendering

Start realization

Delivery X

Overall system concept

The system (figure 17) consists of solar collectors (figure 15), short-term storage, seasonal storage, heat
pumps and peak demand boilers.

In summer the energy for domestic hot water is supplied by solar collectors. A total of 2,850 m? glass
covered solar collectors have been installed on the roofs of the nine housing blocks (7,6 m? per apartment).
Each block of houses hasits own technical service space with a storage tank, heat pumps and boilers. The
surplus heat in summer is stored in a central aquifer storage at a temperature of 45 °C. In winter, the heat
is extracted and used mainly for pre-heating and additionally as a heat source for the heat pumps.
Heatpumps

In this particular project, it made sense to use gas-fired heat pumps, as the natural gas infrastructure was
aready installed. The existing electricity network might have been insufficient for the instalation of
electrical heat pumps.

In each block of about 40 houses two absorption heat pump (figure 18) units were installed with 38 kW
condensor capacity each. Gas-fired heat pumps in this power range are readily available. The heat pumps
used were manufactured by Robur in Italy. They were originaly designed for cooling and had air-cooled
condensers, but were redesigned to serve as water/water heat pumps. According to the manufacturer, the
COP will be in the range of 1.4 to 1.6. This is comparable to the COP of an electrical heat pump (at an
average efficiency of electricity production in the Netherlands of 39%).
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The water inlet temperature of the evaporator may increase until 30 °C, and the heat pump can easily
provide 60 °C water. These parameters make the unit very suitable for retrofit housing projects. Another
plusis the relatively small evaporator capacity of the absorption type heat pump, which is about half the
capacity of an electrical type. The sizing of the groundwater circuit for the aquifer storage (wells, piping,
and pumps) is based on the required evaporator power for al the heat pumps together. A smaller
evaporator capacity is therefore favorable from the viewpoint of storage investment costs.

Heat storage

The seasonal storage for the 2 MW-project comprises 2 wells with a depth of 115 meter and a maximum
capacity of 50 m? groundwater per hour. The storage temperature in the warm well is 45 °C. This
temperature is the result of an optimization process involving the following parameters: storage efficiency,
material selection, heat yield of the collectors and direct heating capacity of the storage.

Short term heat storage is done with steel tanks with a volume of 9.5 m®. The thermal stratification in the
storage tank is an important factor influencing proper operation. This stratification is shown in figure 19.
During sunny winter days, solar heat can be stored at a rather high temperature, which makes the heat
usable for space heating and pre-heating of domestic hot water.

Savings/ costs

Before the retrofit, annual gas consumption was 1,915 m® per apartment. This figure is expected to drop to
565 m° per year, a decrease of 70%!

The investment costs for the energy system amount to 5.3 million euro. The actual investment is lower
due to subsidies. For the residents, the total heating bill will decrease somewhat.

1 Paleiskwartier Den Bosch; solar energy, storage and heatpumpsfor a newly built city zone
The building area at the west side of the railway in Den Bosch is reconstructed. Part of this project is the
redevelopment of business park Wolfsdonken. In this area 135,000 m? commercial buildings and 1,200
domestic apartments are being realised. The total area consists of about 17 sub-aress.

One of the focus points for the new park is the efficient use of energy for cooling and heating. The
thermal energy is supplied by a4-pipe ring line, connected to 5 cold wells and 5 warm wells. In each sub-
area heat pumps and peak boilers deliver the warmth for space heating and domestic hot water. The heat
pumps are coupled with the ‘warm’ pipes of the groundwater circuit. The heatpump evaporators produce
the cold energy for cooling.

Thanks to the 4-pipe concept cold and warmth can be delivered simultaneously without mutual
interference. Depending on the balance between the cold supply and cold demand the storage system will
operate in loading or unloading mode. The total heating capacity is 15 MW and the cooling capacity 7
MW.

A central pond in the district is used as a solar collector in order to store heat in summer and keep the
aquifer in thermal balance.

The first stages of the system have been built and are already in operation. The total project will be
finished in 2006.
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2. De Thermo-Staete; integration of sustainable heating and cooling with the building design
High insulating glazing considerably improves the overall quality of the building envelope. It allows the
designer to project the heat supply components in a room wherever he wants. This freedom of choice
opens the way to get rid of radiators and convectors in the room. Utilizing the building construction for
heating and cooling purposes is a promising approach. It saves space, improves the indoor climate and
perfectly matches with sustainable heating and cooling concepts like aquifer coupled heatpumps. Practical
experiences and monitoring results confirm the viability of thermally activated floors.

De Thermo-Staete (figure 22) is an office building (2000 m? gross floor area) which was built in 1999
with the motto “More with less’. More human friendly with less environmental load and an extremely low
energy consumption. An extensive utilisation of daylight gives an ever changing experience in the
building, whereas the electricity consumption for artificia lighting is reduced by 60 percent to an average
4'W per m? floor area.

A very well insulated building envelope and high efficiency heat recovery from ventilation air reduce the
required heating power to only 54 kW. Three aquifer coupled heat pumps keep the building warm in
winter time.

In summer the aguifer system supplies all the cooling. Simplicity and robustness were the design targets
for the aquifer system in order to get a heating and cooling system which is also profitable for this kind of
small scaled projects.

I ntegration of heating and cooling in the building structure

In The Netherlands various floor systems have been developed with the heating and cooling system
incorporated in it. The first is the Wing" floor (figure 23). The precast concrete floor consists of a 30 cm
hollow core dab with on each side a ‘wing’ 60 cm broad and 10 cm thick. The clear space above the
wings reduces the weight by about 40 percent, enabling a bigger span up to 10 m (with 40 cm floor
thickness even 14,5 m).

Plastic tubes are mounted onto the reinforcement rods and moulded. The distance between the bottom side
of the floor and the tube centre line is about 6 cm. In the construction stage the tubes of the prefab floor
elements are connected tot the main lines for cooling and heating water. All the technical installations -
piping, cabling, ventilation supply air - are integrated in the Wing" floor. The total thicknessis only 34 cm
including afinishing layer and carpet.

Design aspects

Thermally activated floors do not allow a suspended ceiling because the energy transfer between the floor
and the room would be unacceptably restricted. The acoustic damping of the ceiling panels have to be
compensated. This has to be taken into account from the very beginning of the design process. As is
shown in figure 22 (right ) acoustic panels may be hanged up to the wall. Other solutions are baffles or
acoustic ‘isles’ under the ceiling.

Secondly artificial lighting armatures should better not be mounted to the ceiling for aesthetic reasons and
to avoid leakages in the tubes due to drilling.
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The envelope of the building should meet the insulation specifications and should not contain any
leakages because discomfort may be the result. We introduced infrared measurements in the contract
documents as part of the quality control procedure. This appeared to be a useful tool to prevent failures
and to discuss them if they still occur.

To prediction of comfort levels in rooms with high glass walls is very well possible with modern
calculations tools like Computional Fluid Dynamics. Especiadly for the first projects with thermally
activated floors it is important to get insight in the physical behaviour of the building and to find out the
limits of application.

Temperaturelevels

Thermally activated floors have alarge heat exchanging surface. This enables alower surface temperature
to get the same power transfer. In case of heating with the ceiling the heat transfer coefficient is about 4
W/m?K. A building with a well insulated envelope (Rc = 3,5 m?K/W) and 40% low-emissive glazing
(overall U-value = 1,6 W/m?K) requires about 12 Watt per m? floor surface in steady state conditions
with an outdoor temperature of —10 °C. As is shown in figure 3 the ceiling temperature becomes not
higher than 24 °C, corresponding to awater temperature in the tubes of only 27 428 °C at maximum.

This smple non-dynamic calculation appears to be a quite good estimation. In figure 4 the measured
water temperatures are presented for an office building which is equipped with Wing" floors.

Self control

As the surface temperature of the ceiling is only a few degrees higher than room temperature, the heat
transfer is strongly sensitive to a change in the room temperature. An increase of 1 degree in the room will
drop the heat transfer by about 50%. Thisis a very useful effect to get an even temperature. On the other
hand it is clear that additional radiators with heating fluids of 50 °C and up, would disrupt this self control
effect.

Buffer capacity

As a consequence of the floors ‘thermal visibility’ an enormous buffer capacity is available. An 2,9 cm
concrete layer in the ceiling has 17 times more buffering capacity than the full 2,9 m air column between
floor and ceiling! All kind of peaks in the thermal load due to occupancy, solar radiance etcetera are
smoothened over time. For the engineer it means another way of thinking. Instead of designing for a peak
cooling load (in kW) the daily cold demand (in MJ) becomes leading. One may aso decide to cool only
during night time with a lower energy tariff. When 24 hours per day are utilized for cooling the installed
cooling capacity needs to be only 60% of the traditional value. Especially for sustainable cooling systems
thisis an attractive aspect in order to reduce investment costs.

Experiences

In the above mentioned office building De Thermo-Staete the heating is done by 3 small heatpumps with
a condensor capacity of 18 kW each. The available heating power of 27 Watt per m? suits the heat demand.
The supply heating water temperature remain below 30 °C (figure 25).
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In summer the required cooling power is only 32 Watt per m*to keep the indoor temperature in the range
of 21 — 23 °C (figure 26). All occupants have been polled by an independent institute. They give an
report-mark 8 for the thermal climate.
Advantages of an integral design approach
Thanks to the application of sustainable heating and cooling and an integral design of the building and
technical installations an enormous reduction of energy consumption can be achieved. De Thermo-Staete
is the most energy efficient office building in The Netherlands and has nevertheless a perfect indoor
climate. The energy consumption is measured during 3 years and appears to be 60% lower than the energy
performance code prescribes.
Apart from the annual electricity consumption the electrical peak power has aso been strongly reduced.
This can be shown with the electrical peak power for the cooling installation:

- traditional installation with chillers for 2000 m? building: 37 kWe (=100%)

- cooling with aguifer storage, traditional building: 4 kWe (=11%)

- aguifer storage and thermally activated floors: 2,4 kWe (=7%)
Market introduction of sustainable heating and cooling
In The Netherlands the market introduction of seasonal storage took about 10 years. At start in 1988 most
attention was paid to technical development, market studies and demonstration projects. It is important to
realise succesful projects in the beginning. The availability of design tools and know-how is an important
success factor and should be supported by the government. The following target groups and actions can be
distinguised:

Target groups Actions/ focus points

Principals General information, energy efficiency of the technology, feasibility
and reliability, PR-aspects

Consultants, mechanical engineers Design course, workshops, assistance with feasibility studies

Installers Design course, workshops, instruction on testing the groundwater
system and control software

Project developers Genera information, demonstrate feasibility, instruction on project
management

Manager, maintenance engineer reliability of the system, know-how transfer on maintenance of wells

Local governments Genera information, planning

Conclusions

1. Sustainable heating and cooling systems can not be ignored in order to achieve not only a high energy
efficiency, but also a perfect indoor climate and consequently a nice working place and low loss of
productivity.

2. Solar heat or other waste heat sources can be used for the driving of two-stage Desiccant Evaporative
Cooling systems (DEC). In Chinathey are expected to be applicable in region with lower relative
humidity (e.g. Xi’ang and Zhengzhou).

3. Seasonal energy storage in the soil (aquifers) is avery attractive and profitable technology to realise
sustainable energy systems. In Chinathe climate will be suitable in regions northern of 33° north latitude.
The soil is expected to be most suited in the delta region around the Y ellow Sea (Huanghai).

4. The experiencesin The Netherlands with design, design tools and market introduction of sustainable

heating and cooling could be of use for Chinese government, architects and engineers.
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Sino-Dutch co-operation in sustainable building

P.O. Box 349
NL-2800 AH Gouda
The Netherlands
e-mail: tierk@bear.nl

internet: www.bear.nl

I ntroduction

The Dutch governement introduced a National Green Plan in 1990. Since than a lot has changed in the
building industry in the Netherlands. Real estate devel opers, architects, engineers and building contractors
became aware of the possibilities to make comfortable buildings with a higher quality and lower
maintenance cost. In the first years the cost for the sustainable buildings was between 5 and 10 % higher.
After a few years when a better energy performance became law, there was no significant difference
anymore.

But there are many companies who do more than that. These companies show there clients that they are
able to develop, to design and to build ‘ Green Buildings' that combine good comfort and living with low
mai ntenance cost.

Some general rules for “Green Building” are:

1. Develop a site that adds more value to existing communities, culture, urban planning and the
environment.

2. Investigate the possibilities of re-using existing buildings.

3. Investigate the site for the available potential (sun, wind, rain, soil).

4. Improve thermal comfort by energy-efficient design.

5. Reduce the environmental impact of energy use.

6. Develop flexible designs to enhance the use of buildings.

7. Minimize the use of water and materials.

8. Use environmentad friendly materials.

“Sustainable building” — how to start

There is a growing demand for new and comfortable housing. The ‘Western’-style of living means a high
demand of energy. Energy that has at the same time disastrous impact on the environment and the daily
living conditions. Instead of adding to environmental problems we will show how an increased standard
of living can be obtained with a bioclimatic approach.

The therma comfort in a building is influenced by many different factors like the day and night
temperature, the amount of solar radiation, the orientation of window openings, the thermal insulation, the
thermal mass of the building, the ventilation rate and the quality of the building materials. The P.R. China
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has many different climates that request a different approach. Every climate needs another combination of
these factors. Some examples are:

- cold region : insulation, thermal mass, passive and active solar energy, heat recovery ventilation,

- hot summer, cold winter region : thermal mass, shading, passive and active solar energy, ventilation,

- hot summer, warm winter region : no thermal mass, shading, indirect daylight, excessive ventilation, etc.
In some cases the installations for heating and cooling can be avoided or the capacity can be decreased as
aresult of design strategies that addept to the local climate. This means a better thermal comfort, lower

investments and lower maintenance cost for the client or owner of the building.
Figure 1: Climate regions in the P.R.China.

The Bioclimatic approach - what does it mean?

The main objective of bio-climatic design is to provide ‘comfortable’ living conditions with a minimum
and meaningful input of artificial energy. This reduces investments and running cost (energy) as well as
ecological damage.

First of all we have to write down the brief. The space we need, the comfort that we require, the budget
that we have, and the energy that we will use.

The building site has a lot of usable potential like the surrounding landscape and the climate. Sun, wind,
rain and earth can be helpful.

Traditional building tells alot about the use of these potentials. By looking to traditional buildings we can
learn about the site and the local climate. This however does not mean that we will copy or only design

traditional houses and buildings.
Figure 2: Traditiona buildings in a hot and humid region of China.

The site for a project can be very sensitive for new influences. In a village with mainly traditional houses,
the design hasto fit comfortably in the setting of traditional houses.

New build villages and cities are different : in new villages and cities the design will be modern and has to
adapt to the city climate.

The steps that have to be made, are:

1.Requirements (brief) for each building

2.Information about the climate

3.Information about the local culture

4.Requirements on thermal comfort that is needed

5.Research on available energy sources

6.Conceptual design for each climate

7.Architectural design

8.Technical design.
Energy

The use of energy is a very important issue from the many aspects of “Green Design”. The need for
energy has alarge impact on the environment (air quality, pollution, etc) and also a large impact on the
the economics. A high dependency on electrical power means power shortage in summer when all

buildings need cooling. Decreasing the need for cooling will also decrease the need for electrical power.
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Use of indirect daylight will decrease the use of artificial lights and decreasing the heat load of a building

and the need for electrical power.
Figure 3: New inventionsin solar hot water systems.
Figure 4: Daylight tube for indirect daylight without increasing the heatload.

Asatool for the designer, thereisthe “Energy strategy in 3 steps’. The steps are;
1. Energy saving by design

* insulated envelope (roof, walls, floors)

« controlled infiltration of air (draught)

» shading and passive cooling (if needed)

2. Sustainable energy

* use of solar energy

* use of wind

* use of rain water

3. Efficient installations

* high-efficient stove/ bio mass

* biogas installation

* heat-pump (heating and cooling)

« efficient ventilation with heat-recovery

The first step, saving energy’ is the most important step. It does not make any sense to use sustainable
energy asthe building is not efficient.

In afew case the bioclimatic approach is shown.

Case 1: Zhongdian County, Northwest Yunnan

For the Shangri La Botanical Garden we designed an Energy Efficient office and several houses.

The approach is based on the climate and available resources. The climate charts show a sunny winter and
aless sunny summer. The difference between day and night temperature is around 10°C. This means that
the direct use of solar energy (passive solar energy) is the basis for the design. Because of the change in
use and the possibility to heat a room at night (after sunset) this passive principle is extended with active
solar systems.

A rule for the winter seasons is to maximize heat gain during the day and minimize heat loss. This means
that buildings have to face south and southeast to receive solar energy through the windows, especialy in
the morning hours. Ventilation has to be controlled in the building and especialy in the kitchen and the
bathrooms. The entrance has to be protected against draught by an entrance porch.

For the summer seasonsit is important to minimize heat gain during the day and enable heat loss at night.
Although the average temperature is not very high it is possible that the strong sunrays heat up the
buildings. Indoor temperatures above 22°C are less comfortable and with a good natural ventilation the
heat load can be lowered. Therma mass of the building is also suitable to store the heat by day in the

construction and release the heat at night when the building is ventilated with cooler air.

Figure 5: Energy efficient office in traditional stylein Shangri La.
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Figure 6: Combination of passive and active thermal solar in the energy efficient office in Shangri La
This approach is based on tradition and old Chinese knowledge and some new techniques can be an

interesting addition to this. In general we will use the electricity from the grid, although in remote areas
we can use photovoltaic modules to generate electricity. For hot water we have the roof integrated solar
thermal panels. These are produced all over China.

The solar thermal systems will be connected for short-term storage. In this way the solar heat gained by
day can be used in the evening and on cloudy days. There is no need to store solar energy for along time.
For auxiliary heating in the Energy Efficient office we will need a high efficient biomass stove. The waste
wood from the garden can be used however the house will not require this.

In houses with livestock (pigs) the possibility of bio-gas can take the function of the open (wood) fire, but
cooking on bio-gas is not the same as sitting around the open fire place. So the main problem will be the
fireplace which is a cultural issue and an environmental issue. A high efficiency water cooker and the use
of bamboo charcoal instead of wood can take over the role of the traditional wood fire. Heating the space
will be taken over by the solar energy system instead of heating with the fire. A light tube can be used in
buildings to bring daylight deep into the centre of the building.

Points of attention for the design are:

1. Heating : high thermal insulation, protection against wind, use of direct passive solar energy, use of
thermal solar energy with storage and auxiliary heating with best available sources

2. Ventilation : controlled ventilation and solar chimney

3. Hot water : solar thermal energy

4. Cooking : bio-gas or efficient wood-stove with bamboo charcoal

5. Day-light : direct daylight and light tubes.
Case 2: Modern housein warm climatein Kunming, Y unnan

Kunming has an altitude of around 1890 meters. The climate has a warm summer and a cool winter.

In December and January the average temperature is around 9° C and the average maximum temperature
isaround 14° C. Minimum temperature is around 2° C. In the summer the average maximum temperature
will be around 24° C. during the night thiswill be about 7° C lower.

Bio climatic approach:

Heating - Thiswill be mainly done with passive solar energy and by facing the windows of the house on
east and south. So the sun can heat the house early in the morning.

Ventilation - Ventilation window openings and interna ventilation windows above the doors will give
cross-ventilation through the house. The top floor has ventilation openings so that the hot air can rise and
leave the house on top.

Shading - Different types of shadings are used. The living room on the ground floor has screens
(steel/bamboo) that can be moved in front of the windows. The windows on the first floor are shaded by
roof overhangs and by placing the windows in aloggia

Cooling - Starting point is to prevent sun to enter the house in warm periods. Internal ventilation will take

away warm air when there is enough wind. At night when the outside temperature is lower the house has
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to be ventilated by using the top floor openings. By day during warm weather with low wind speed the
house should be kept close to prevent hot air to come into the house. To make the house more comfortable
during the hot days there are 3 steps that can be made. Every step will need a higher budget.

Step 1: Ceiling fan in combination with energy efficient lights (less production of heat).

Step 2: Water circulation through the floors. This is done with a tube system in the floor that can be used
to pump around cool water. This will cool down the construction and the indoor air (with closed
windows). The tube system will be used in the cooler period for radiant heating with solar hot water.

Step 3: Water circulation with cooled water by a heat pump. The heatpump can aso cool down the indoor
air directly with the use of an air exchanger. In winter the heatpump can heat the water and circulate it
through the floors.

Hot water - The south roof has space for solar hot water panels that will be integrated in the roof between
thetiles.

Daylight - Every room has windows for daylight. The bamboo screens will take away the direct sun but
leave some daylight to come through. In the dinning room we use daylight tubes to transport daylight
from the outside into the dinning room.

Artificial light - Light bulbs produce a lot of heat and the use of energy-efficient lights will keep the
temperature low as well.

Solar energy - The house has a roof solar thermal collectors. The hot water is stored in atank and is used
for radiant heating and hot water.

Plan layout - The different rooms are designed on an orientation that is most suitable for indoor climate
and comfort. Living room and study are situated on the southeast corner of the house and will warm up in
the morning during winter. These rooms can be shaded in summer with screens.

Kitchen and master bedroom are on the cooler north side of the building.

Other bedrooms are situated south and north. On the west side are only secondary spaces like the garage,
storage and bathroom. The dinning room will be in the heart of the house and daylight is used with the

daylight tube.

Figure 7. Day and night and average temperature each month in Kunming. The blue area are (day)
temperatures above 25° C; the red area are temperatures below 15° C.

Figure 8: Bio-climatic designed house in Kunming.

Structure and materials

Main construction of the house will be concrete floors and columns in combination with brick walls. The
walls will be thermal insulated with 50 mm of mineral wool. The outside of the house will be bricks,
plaster, and bamboo panels.

The roof will be plywood (bamboo) with 50 mm of mineral wool insulation and an outside cover with
tiles or bamboo sheeting. The sheeting can be used in 2 layers to keep the roof cooler. The air gap
between the 2 layers has to be open on both sides for ventilation.

In the interior floors and walls will be covered with bamboo flooring and decorative panels.
Case 3: Modern housein cold climatein Beijing

The climate in Beijing can be hot and humid in summer and severe cold in winter. Average minimum
temperature in January is — 10° C and average maximum temperature is about 1° C. In summer this will
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be between 20 and 30° C. But summer temperature can go up to 40° C as winter temperature can go down
to — 25° C. The difference between day and night temperature is around 10°C. The humidity is between
45% in January and 78% in July.

The amount of sunshine hours is around 2780 hours a year. This high amount of sunhours (2748 hours)
give large opportunities for energy-efficient housing.

The prototype house for Beijing has been built in The Netherlands. The average temperatures are more or
less the same. Beijing is about 5° C warmer in summer and about 5° C colder in winter. Big difference is
the amount of sunhours in the Netherlands compared to Beijing. The Netherlands has about 1470
sunhours ayear and thisis about 50% of the amount of sunhoursin Beijing.

The idea behind this project is to design and built a comfortable and energy efficient house. The building
is very well insulated and the main windows are facing south to use passive solar energy during the
heating season. The windows have low emittance double glazing. The thermal insulation is about 200 mm
thick. Mechanical ventilation with heat recovery will give fresh air all year round.

The interna temparature is very comfortable because of the high surface temperature of walls and
windows and the use of low temperature radiant heating. The heating system is feeded by the heatpump in
the house.

The advantage of the heatpump is the possibility to heat in winter and to cool in summer. So these houses
have cooling without air-conditioning but a system that cools down the thermal mass of the buildings. In
fact there is an exchange of heat energy between the house mass and the earth. The use of a heatpump is
very energy efficient. Because of the very low electricity demand it is possible to produce the electricity
with photovoltaic modules that are part of the building. In summer the houses produce 3three times more

electricity than needed. This electricity isfeed in the grid and in winter it will be used again.
Figure 9: prototype of the houses in the Netherlands.

Figure 10: Cross section of the houses.

For Beijing this prototype house is very interesting. Many houses in Beijing use local or central heating
(sometimes coal) in winter. The use of coal gives alot of air pollution that can be avoided with this new
system. The advantage of this system for Beijing is the high amount of sunhours. The system can be much
smaller than in the Dutch situation. Advantage for the grid connection is the production of electricity in
summer when many houses ask for more energy.

The houses have the living and kitchen on the ground floor, three bedrooms and a bathroom on the first
floor and a spare room with roof terrace on the second floor. The PV systems are designed like a pergola
above the houses and are independent from the orientation of the houses itself. The energy use is 50%
below the Building standard in 2000. The other 50% is produced by the 6.2 kWp PV solar system on top.
This makes it a zero-emission house.

For the Chinese projects we worked together with:

World Wildlife Fund China, Beijing,

International Bamboo and Rattan Network INBAR, Beijing,

The Nature Conservancy TNC, Kunming,

Shangri LaBotanical Garden, Shangri La,

The Urban & Rura Planning & Design Institute of Y unnan, Kunming.
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Transforming Chinese Buildings'

David B. Goldstein, Ph.D.
Robert K. Watson, M.S.
Natural Resources Defense Council?

. Introduction: NRDC?and China

NRDC's Energy Program has over 25 years of experience in the development of building and equipment
energy standards and in their implementation and enforcement. We have also developed significant expertise
inawide variety of energy efficiency incentive and market transformation programs.

Since 1997, NRDC has collaborated intensively with Chinese experts and officials on improving energy
efficiency in buildings. NRDC has a comprehensive M.O.U with the Chinese Ministry of Construction's
Research Ingtitute for Standards and Norms to improve the energy efficiency and environmental performance
of Chinese buildings. NRDC was an active participant in the development of residential energy efficiency
codes for the "hot in summer/cold in winter"(transition zone) standard recently promulgated by the Ministry
of Construction. NRDC is aso working with other U.S. participants in assisting provinces within the
transition zone in implementing the national code, and in developing residential and commercia building
codes for other regionsin China. NRDC is spearheading commercial green building demonstration projects
in Beijing, Shanghai, Chongging and Shenzhen.

[1. Why Building Environmental Impacts are Important in China

On average, people spend 70-90% of their time indoors; therefore it is vital that interior conditions be
maintained in a comfortable and hedlthy level, at a reasonable cost and with minimal impact on the natural
environment.

Buildings represent 20-25% of China's total energy consumption. Industrial energy for the manufacture of
building products, principally concrete and steel, represents another 15-20%. In terms of total energy
consumption, this places Chinas building sector on a par with developed countries, where buildings consume
approximately 40% with another 5% or so represented by the embodied energy of materials.

! Thiswork is supported by the Energy Foundation’ s China Sustainable Energy Program.

2 The authors, respectively, are Co-Director of NRDC's Energy Program and Director of NRDC's I nternational
Energy Project. The authors also wish to acknowledge the significant contributions of Eveyln Arevalo and Bryanna
Millis.

¥ NRDC is anon-profit U.S.-based NGO dedicated to preserving the natural environment and protecting human
health. NRDC employs a staff of approximately 200 environmental professionals with technical expertisein
science or law. NRDC has seven major environmental program areas. NRDC is supported by over 500,000
individual members as well as by foundation grants, and, to a much smaller extent, government grants and
professional fees. NRDC does not accept corporate contributions. For more information see
<http://www.nrdc.org>.
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The environmental impact of this energy consumption is severe. Direct combustion of coal for cooking and
heating produces severe indoor and ambient environmental quality problems. Consumption of electricity for a
variety of end-uses in the urban areas requires predominantly fossil fueled power plants to produce the
eectricity, with its attendant local air quality and global environmental impacts.

While a number of policies are suitable for limiting local air pollution and greenhouse gas emissions, one of
the most effective, and certainly the most economically attractive is improving energy efficiency. Energy
efficiency reduces emissions by reducing the need to burn fossil fuels in buildings or industrial sites or
transportation vehicles, or by reducing electricity consumption, which cuts the usage of fossil fuelsin electric
power plants.

[I1. What isMarket Transformation?

Market transformation encompasses the totality of programs and policies that fundamentally alter practices
within an industry, in this case the buildings sector. We will describe below a broad array of policy and
programmatic tools that will help improve the quality and comfort of Chinese buildings, while at the same
time lower operating costs and reduce energy consumption.

Before we discuss the various tools of market transformation, it is useful to examine the market that is being
transformed. In general, as shown in Figure 1, a typical market can be broken down into 5 segments:
Innovators, Early Adopters, Early Mgjority, Late Majority and Laggards. We will use these terms below
when discussing which market transformation tools are most effective at engaging each particular segment of
the building market.

As Figure 1 shows, both mandatory standards and voluntary market-based activities are needed to transform
the market. Standards are essential for setting performance benchmarks for voluntary policies and addressing
the portions of the market that are not responsive to voluntary measures. Market based programs on the other
hand push an industry to go beyond minimally acceptable performance and incentivize innovations that can
eventually be incorporated into common practice.

Indusley-based Codes & Standards
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Figurel General Market Composition

The terms "Early adopters' and "Laggards' in Figure 1 suggest that there is an inevitable progression from
less energy-efficient to more energy-efficient in the building sector. This is not necessarily the case without
the stimulus of policy. In some cases, such as American water heaters and refrigerators between 1950 and

1972, American automobiles following 1986, and "torchiere" style lighting fixtures worldwide in recent years,
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efficiency has actually declined over time. In other cases, such as lighting systems globally from about 1950
to 1980, efficiencies were stagnant. Market transformation policies, including codes and standards, are
essential to creating forward progress in markets affecting energy efficiency.
Figure 1 could also lead the viewer to the mistaken belief that it is problems or mistakes on the consumer side
of the equation that are impeding the progress of energy efficiency. But the problems are more complex than
that: they are consequence of market structures, rather than "mistaken” behaviors by any one sector of the
market.
Table 1 shows the four basic markets that market transformation policies would address in the building sector.
Each of these markets is comprised of different decision makers from the policy and investment perspective.
Within these decision makers there are Innovators, Early Adopters, Early Mgjority, Late Mgjority and
Laggards who would be targeted by different policy and programmatic options.

Tablel Market Segmentsfor Buildings

New Commercial® New Residential®
Existing Commercial Existing Residential

V. TheToolsof Market Transformation

A number of mandatory and voluntary policies and programs aimed at the building industry have been
implemented successfully in the United States. Table 2 provides a brief definition of the major categories of
market transformation policy options. These elements will be described more fully bel ow.

Table2 Summary of Market Transformation Policies and Programs

Market Transformation Tool Description

Mandatory Hasthe force of law. Requirements must be fulfilled prior to building occupancy.
Building and Equipment Energy Minimal legally acceptable practice for building construction and equipment
Codes performance.

Building and Equipment Energy Generally provide structured recommendations for implementing minimally
Standards required or best practice.

Voluntary Optional. Building may be occupied whether project participates or not.
Incentives Provide something of value to aproject. Can be monetary or non-monetary.
Labeling Programs Buildings that meet certain criteria are given a performance label to distinguish

them in the market.
Education/Training/Information (ETI) | Provide market with tools and skills to make the energy efficient and ecologica

choice.

Industry Collaboratives Can pool intellectual and financial resources to achieve higher levels of
performance.

Procurement Programs Large users set interna energy efficiency goals for purchased items.

4 These basic markets could also be subdivided a number of ways, but thisis unlikely to add much to the discussion.

® These are called “public buildings” in China.

® From an energy perspective, high-rise multifamily dwellings tend to behave more like commercial buildings, so they are
generaly included in programs and policies directed at commercial buildingsin the United States. For the purpose of this paper,
we will address multifamily high-rise buildings in the residential sector because developers of multifamily high-rises are also the
primary builders of low-rise housing, which has much different energy use and characteristics.
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The four principal policy options to improve the energy efficiency of buildings are (1) Do nothing—"the
market" will take care of it, (2) Pursue a purely command and control strategy that relies exclusively on
mandatory codes, (3) Pursue a purely voluntary strategy where optional, market-based programs are the
primary driver, (4) Adopt an integrated approach of mandatory measures coupled with voluntary programs
benchmarked on required minimum performance levels. We believe Option 4 is the most effective path for
policy makers.

V. Building and Equipment Codes: The Foundation of Market Transformation

The impacts of energy efficiency standardsin the United States have been significant, particularly for
jurisdictions that have pursued a policy of continuous improvement.

In the United States, since the mid-1970's, most state and many local building codes’ have imposed significant
energy efficiency reguirements on new homes and commercial buildings. However, despite considerable
development efforts of standards by professional organizations, national building code organizations, and
Federal agencies, a considerable gap remains between what is considered to be economically desirable
building construction and actual practice.

The Energy Policy Act of 1992 (EPAct) requires States to ensure that new non-residential buildings meet or
exceed the efficiency standards recommended by the American Society of Heating, Refrigerating and Air
Conditioning Engineers (ASHRAE).8 EPAct also requires States to consider requiring new homes to meet or
exceed the Model Energy Code of Council of American Building Officials (CABO) now called the
International Energy Conservation Code (IECC).°

A. The Economics of Energy Codes

Energy codes have been one of the most cost-effective ways of meeting regional and national energy needs.
Discounted fuel-cost savings over the lifetime of aresidential building are typically at least twice the cost of
the projected cost of efficiency. That is, a code that adds $1,000 to the cost of a new house will produce
$2,000 of present value in energy savings. For non-residential buildings, the results generally are even better:
benefit-cost ratios of 3 or 4:1 are common.

Generally, estimates of economic benefits from energy codes are likely to be understated. The economics of
energy efficiency are considered prospectively: the costs of complying with the code are estimated using the
cost in the marketplace for the technol ogies predicted most likely to be used for compliance. But actual costs

generally are lower for two separate reasons.

7 Construction requirements are set at the state and local level inthe U.S. Energy efficiency standards for new buildings are
employed at the state and local level in virtualy all of the 50 states. Model standards developed by the federal government and
by professional associations do exist, but first must be adopted into local or state regulations before becoming mandatory. The
U.S. Department of Energy (DOE) assists states and local code jurisdictions in upgrading their building standards and improving
their implementation and enforcement.

8 Energy Policy Act of 1992, Pub. L. No. 102-486, 106 Stat. 2776 (codified as amended in various sections of 15, 16, & 42
U.S.C.). [Hereinafter EPACt].

® Although called “international,” in practice the code only serves the U.S. and Canada.
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1. Theincreased availability of technologies and equipment and services used to comply with the energy code
causes increased competition, which drives the cost down. For newer technologies, the "learning curve
effect” where the real cost of technology declines at least 15% for each cumulative doubling of production,
leads to significant cost savings.

2. The energy efficiency measures and strategies used by the construction industry to comply are often less
expensive than the ones assumed by government officials in developing the codes. Thisis a nearly inevitable
outcome of reliance on performance-based standards, and one of the primary arguments for relying on them,
as we discuss below.

B. California's State Building Code: Perhaps The Most Effective Building Energy Code in the World
California first set its energy efficiency standards for buildings and appliances in the mid-1970s. Savings
from buildings and appliance standards in California to date exceed 5,400 megawatts, more than 10% of total
electricity demand for all purposes (which is about 45,000 megawatts). These savings are projected by the
Cdlifornia Energy Commission to grow to 10,000 megawatts in the year 2010. As the volume of new
construction increases over time these savings should grow.™

Cdlifornia had virtually no requirements for energy efficiency in new buildings before 1975 when a new
agency, the California Energy Commission (CEC), was established by state law to plan comprehensively for
energy supply and energy efficiency. The CEC was explicitly mandated to develop energy efficiency
standards for buildings.**

In 1976-77, the CEC's new standards mandated
significantly increased levels of energy efficiency,

Mandatory Codesin Times of Supply Shortage

Energy efficiency codes can aso be used to avert
problems of shortage of either fuel or electricity. For
example, in ealy 2001, Cdifornia adopted
modifications to its energy efficiency standards for
buildings that were designed to aid in avoiding
predicted electricity shortages and the likelihood of
blackouts. These revisions are estimated by the
California Energy Commission to save 200 megawatts

restricted the use of électric resistance heating, and also

embodied several innovations.  First, rather than
requiring al houses to contain the same levels of

conservation measures, a basic passive solar building

of peak demand for every year they arein effect.
Several regions in Russia were also motivated by the
prospect of fuel shortages in adopting residential
energy efficiency standards. Over the past several
years, these regions have had difficulty securing
sufficient fuel supplies. Interior temperatures
maintained by the municipal district heat system in
residential buildings were failing to meet minimal
comfort standards. Energy efficiency standards eased
the situation by assuring that new buildings put less
strain on fuel supplies.

with prescribed efficiency levels was used to define a
Severd

dternative

baseline level of energy consumption. *2
additional

combinations of conservation features, were provided

prescriptive  packages, or
explicitly in the building standard and certified as
achieving equivalent energy consumption.

Second, the CEC developed a simple "point system” for

10 These estimates of energy savings from California s codes are conservative because they assume that the energy code remains
fixed at the level most recently adopted. It is common practice for codes to be revised every three to five years to include higher
levels of energy efficiency. Because the savings from these future revisions are hard to predict, they are not included in
projections of energy savings.

1 Warren Alquist Act of 1975 (Public Resources Code Section 25001 et. seq.)

12 passive solar houses with an exception to the glazing area restrictions because with proper orientation and thermal mass, more
glass leads to reduced rather than increased energy consumption.
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comparing the energy performance of buildings with higher efficiency in some components and reduced
efficiency in others. The point system allowed the designer to make tradeoffs between alternative
energy efficiency technologies.

Third, computerized energy calculations could be used to show that a proposed design met the intended level
of energy performance. The CEC's proposed standard spawned conflict with the building industry. The
'3 that were established as the primary basis of the

standards. It required the builder to model the energy consumption of his proposed building and compare it to

resulting compromise created "prescriptive packages

that of an identical building that employed the new "prescriptive package." This was referred to as the
"custom budget" procedure for computer calculations.
In 1987, the CEC established new prescriptive packages of conservation measures more energy efficient than
the previous packages. For commercia buildings, it adopted stringent lighting power limits and restricted the
common practice of providing heating and cooling simultaneously. More importantly, the CEC eiminated
the "fixed budget" approach for commercial buildings as well as residential buildings, and defined carefully
the rules for computer simulation to eliminate loopholes in the computer process, which had begun to
undercut efficiency goals significantly. While the "custom budget” procedures appeared to be a way to
appease and weaken the standard when they were first adopted, subsequent field experience showed that they
created more fairness and did not compromise energy efficiency significantly.
Following these revised rules, reports from the field suggested improved builder acceptance of, and
compliance with, the standards, as well as the decreased paperwork and simplified compliance. They aso
demonstrated a continued and even growing builder

California: Training = Compliance interest in using the performance-based approach. Many

To optimize compliance, CEC focuses on two primary | observers believe that the increased level of educational

methods. The first involves simplification and
explanation of the standards, and the provision of easy-
to-use forms and calculation methods. The second
approach involves training of local building code
officials, both to communicate the importance of
enforcing the energy standards and to explain how the
enforcement is to be carried out. CEC aso supports
regular forums for communication with building code
officials, architects, energy calculation consultants,
builders, and public interest organizations. Manuals
are aso provided to explain and supplement the
standards, and to provide step-by-step calculations.
Furthermore, a bi-monthly newsletter to architects and
building code officials explains issues of interpretation.
A toll-free telephone service is available to respond to
specific questions concerning interpretation of the
energy standards.

materials provided along with the standards and the
effort to train building code officials can be credited
with this result.*

The Cadifornia Energy Commission undertook
another significant upgrade of the Title 24 standards in
1992. It supervised a comprehensive study of the costs
and savings of energy efficiency measures available for
residential buildings and required that the prescriptive
packages and the performance approach be based on a
building that included all

measures.

cost-effective efficiency

1% See section V1.C.1 and 2 on pp.15 and 16 for adiscussion of prescriptive and performance-based energy standards.
14 Department of Energy, Tomorrow’s Energy Today for Cities and Counties; Commercial Energy Codes L ay Foundation for
Saving Money 3 (February 1995). [Hereinafter Commercial Codes).
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Additional important upgrades were made in 1998. For the commercial sector, the results of utility DSM

programs were used to guide the Commission to reduce significantly the lighting power budgets. Lighting is

the single largest energy user in commercial buildings. For residential buildings, low-solar-heat-gain glass

was required, and implementation rules that allowed builders to take credit for movable shading devices, such

as window shades, which were not really used in practice, were eliminated. The code began to incorporate

new research and testing standards on leakage from air distribution ducts, which was found to account for

over 20% of energy use. Credit was given for leak-free ducts, tested by a fan and pressure gauge, as a

voluntary compliance option. The building industry was put on notice that these leak-free duct systems would

be required in the prescriptive case during the next three-year code revision cycle.

The code revision process was accelerated due to Californias electric power crisis of 2000. In response to

legislation intended to avert blackouts, the Energy
Commission rapidly adopted improvements in
both residential and commercia building codes,
adding significant requirements for solar-reflective
windows in non-residential buildings and requiring
upgraded air conditioning systems and reflective
roofs
accelerating the date that leak-free ducts were
required in the residential standards.

in the cooling climates, aong with

During the 1990s, several utility evauation studies
looked at the extent of compliance with the code,
and with the extent to which buildings exceeded it
as aresult of utility-sponsored incentive programs.
The studies show that code enforcement was
generally quite good, with average energy
performance of buildings consistent with that
which would be predicted from the text of the code.
One study showed that by 2000, over 90% of
residential  buildings

were  demonstrating

compliance using the performance method.*

Developing a Code: What Not to Do

The development of the Building Energy Performance Standards
(BEPS) is an example of an early miscue by the federal
government. The Energy Conservation and Production Act of
1976 required the development of national mandatory standards
for al new U.S. buildings. DOE first issued a draft of the
building energy performance standards (BEPS) in 1979 for new
commercial and residential buildings.

BEPS was a disaster both politically and technically.

Politically, it failed because the federal government tried to usurp
the task of regulating construction, which traditionally had been
the purview of the states. Many states had adopted their own
standards and DOE received many comments that insisted on
maintaining local control.

Technically, BEPS offered no guidance on how to comply with
defined energy budgets under the performance path. Although
the performance approach aready was available in the prevailing
building standards issued by the American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE),
builders rarely used it. This created two problems. First, BEPS
mandated 100% reliance on this difficult-to-use provision that
was hardly ever employed and with which designers and builders
were uncomfortable. Second, the fixed budget approach in BEPS
required much more intensive investments in energy efficiency
measures for some building or building types than for others, in
contrast to the ASHRAE standard, which required about the same
efficiency measures regardless of the details of the buildings' site
or its purpose.

These criticisms of BEPS caused Congress to restrict mandatory
building energy standards to the Federal sectors and voluntary for
all other sectors.

15 “Residential New Construction Study.” Prepared by Regional Economic Research, Inc. San Diego, CA, for Pacific Gas &

Electric, 10 September 2001.
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Transforming Chinese Buildings'

David B. Goldstein, Ph.D.
Robert K. Watson, M.S.
Natural Resources Defense Council?

l. Introduction: NRDC? and China

NRDC's Energy Program has over 25 years of experience in the development of building
and equipment energy standards and in their implementation and enforcement. We have also
developed significant expertise in awide variety of energy efficiency incentive and market
transformation programs.

Since 1997, NRDC has collaborated intensively with Chinese experts and officials on
improving energy efficiency in buildings. NRDC has a comprehensive M.O.U with the Chinese
Ministry of Construction's Research Institute for Standards and Norms to improve the energy
efficiency and environmental performance of Chinese buildings. NRDC was an active
participant in the development of residential energy efficiency codes for the "hot in summer/cold
in winter" (transition zone) standard recently promulgated by the Ministry of Construction.
NRDC is aso working with other U.S. participants in assisting provinces within the transition
zone in implementing the national code, and in developing residential and commercial building
codes for other regionsin China. NRDC is spearheading commercial green building
demonstration projects in Beijing, Shanghai, Chongging and Shenzhen.

. Why Building Environmental Impactsare Important in China

On average, people spend 70-90% of their time indoors; therefore it isvital that interior
conditions be maintained in a comfortable and healthy level, at areasonable cost and with
minimal impact on the natural environment.

Buildings represent 20-25% of China's total energy consumption. Industrial energy for
the manufacture of building products, principally concrete and steel, represents another 15-20%.
In terms of total energy consumption, this places China's building sector on a par with developed
countries, where buildings consume approximately 40% with another 5% or so represented by
the embodied energy of materials.

! This work is supported by the Energy Foundation’ s China Sustainable Energy Program.

2 The authors, respectively, are Co-Director of NRDC's Energy Program and Director of NRDC's I nternational
Energy Project. The authors also wish to acknowledge the significant contributions of Eveyln Arevalo and Bryanna
Millis.

¥ NRDC is anon-profit U.S.-based NGO dedicated to preserving the natural environment and protecting human
health. NRDC employs a staff of approximately 200 environmental professionals with technical expertise in science
or law. NRDC has seven magjor environmental program areas. NRDC is supported by over 500,000 individual
members as well as by foundation grants, and, to a much smaller extent, government grants and professional fees.
NRDC does not accept corporate contributions. For more information see <http://www.nrdc.org>.



The environmental impact of this energy consumption is severe. Direct combustion of
coal for cooking and heating produces severe indoor and ambient environmental quality
problems. Consumption of electricity for avariety of end-usesin the urban areas requires
predominantly fossil fueled power plantsto produce the electricity, with its attendant local air
quality and global environmental impacts.

While anumber of policies are suitable for limiting local air pollution and greenhouse gas
emissions, one of the most effective, and certainly the most economically attractive isimproving
energy efficiency. Energy efficiency reduces emissions by reducing the need to burn fossil fuels
in buildings or industrial sites or transportation vehicles, or by reducing electricity consumption,
which cuts the usage of fossil fuelsin electric power plants.

I1l.  WhatisMarket Transformation?

Market transformation encompasses the totality of programs and policies that
fundamentally alter practices within an industry, in this case the buildings sector. We will
describe below a broad array of policy and programmatic tools that will help improve the quality
and comfort of Chinese buildings, while at the same time lower operating costs and reduce
energy consumption.

Before we discuss the various tools of market transformation, it is useful to examine the
market that is being transformed. In general, as shown in Figure 1, atypical market can be
broken down into 5 segments: Innovators, Early Adopters, Early Mgjority, Late Mgjority and
Laggards. We will use these terms below when discussing which market transformation tools
are most effective at engaging each particular segment of the building market.

As Figure 1 shows, both mandatory standards and voluntary market-based activities are
needed to transform the market. Standards are essential for setting performance benchmarks for
voluntary policies and addressing the portions of the market that are not responsive to voluntary
measures. Market based programs on the other hand push an industry to go beyond minimally
acceptable performance and incentivize innovations that can eventually be incorporated into
common practice.

Figure 1. General Market Composition

Industry-based Codes & Standards
“oluntary Activities

[ oluntary Activities

Early Late
Majority Wtajority

Eatly
Innovators|  Adopters

2.5% 13.5% 34% 34% 165%




The terms "Early adopters’ and "Laggards" in Figure 1 suggest that there is an inevitable
progression from less energy-efficient to more energy-efficient in the building sector. Thisis not
necessarily the case without the stimulus of policy. In some cases, such as American water
heaters and refrigerators between 1950 and 1972, American automobiles following 1986, and
"torchiere" style lighting fixtures worldwide in recent years, efficiency has actually declined over
time. In other cases, such aslighting systems globally from about 1950 to 1980, efficiencies
were stagnant. Market transformation policies, including codes and standards, are essentia to
creating forward progress in markets affecting energy efficiency.

Figure 1 could also lead the viewer to the mistaken belief that it is problems or mistakes
on the consumer side of the equation that are impeding the progress of energy efficiency. But
the problems are more complex than that: they are consequence of market structures, rather than
"mistaken” behaviors by any one sector of the market.

Table 1 shows the four basic markets® that market transformation policies would address
in the building sector. Each of these markets is comprised of different decision makers from the
policy and investment perspective. Within these decision makers there are Innovators, Early
Adopters, Early Mgjority, Late Mgjority and Laggards who would be targeted by different policy
and programmatic options.

Table 1. Market Segments for Buildings

New Commercial® New Residential®
Existing Commercia Existing Residential

IV. TheToolsof Market Transformation

A number of mandatory and voluntary policies and programs aimed at the building
industry have been implemented successfully in the United States. Table 2 provides a brief
definition of the major categories of market transformation policy options. These elements will
be described more fully below.

* These basic markets could aso be subdivided a number of ways, but thisis unlikely to add much to the discussion.
® These are called “public buildings’ in China.

® From an energy perspective, high-rise multifamily dwellings tend to behave more like commercial buildings, so
they are generally included in programs and policies directed at commercial buildingsin the United States. For the
purpose of this paper, we will address multifamily high-rise buildings in the residentia sector because devel opers of
multifamily high-rises are also the primary builders of low-rise housing, which has much different energy use and
characteristics.



Table 2: Summary of Market Transformation Policies and Programs

Market Transformation Tool

Description

Mandatory

Has the force of law. Requirements must be fulfilled prior to building
occupancy.

Building and Equipment Energy
Codes

Minimal legally acceptable practice for building construction and
equipment performance.

Building and Equipment Energy
Standards

Generally provide structured recommendations for i mplementing
minimally required or best practice.

Voluntary

Optional. Building may be occupied whether project participates or not.

Incentives

Provide something of value to a project. Can be monetary or non-
monetary.

Labeling Programs

Buildings that meet certain criteria are given a performance label to
distinguish them in the market.

Education/Training/Information
(ETI)

Provide market with tools and skills to make the energy efficient and
ecological choice.

Industry Collaboratives

Can pool intellectual and financial resources to achieve higher levels of
performance.

Procurement Programs

Large users set internal energy efficiency goals for purchased items.

The four principal policy options to improve the energy efficiency of buildings are (1) Do
nothing—"the market" will take care of it, (2) Pursue a purely command and control strategy that
relies exclusively on mandatory codes, (3) Pursue a purely voluntary strategy where optional,
market-based programs are the primary driver, (4) Adopt an integrated approach of mandatory
measures coupled with voluntary programs benchmarked on required minimum performance
levels. We believe Option 4 is the most effective path for policy makers.

IV. Building and Equipment Codes. The Foundation of Market Transformation

The impacts of energy efficiency standards in the United States have been significant,
particularly for jurisdictions that have pursued a policy of continuous improvement.

In the United States, since the mid-1970's, most state and many local building codes’
have imposed significant energy efficiency requirements on new homes and commercial
buildings. However, despite considerable development efforts of standards by professional
organizations, national building code organizations, and Federal agencies, a considerable gap
remains between what is considered to be economically desirable building construction and
actual practice.

The Energy Policy Act of 1992 (EPAct) requires States to ensure that new non-residential
buildings meet or exceed the efficiency standards recommended by the American Society of

" Construction requirements are set at the state and local level inthe U.S. Energy efficiency standards for new
buildings are employed at the state and local level in virtually all of the 50 states. Model standards developed by the
federal government and by professional associations do exist, but first must be adopted into local or state regulations
before becoming mandatory. The U.S. Department of Energy (DOE) assists states and local code jurisdictionsin
upgrading their building standards and improving their implementation and enforcement.



Heating, Refrigerating and Air Conditioning Engineers (ASHRAE).2 EPAct also requires States
to consider requiring new homes to meet or exceed the Model Energy Code of Council of
Americ%n Building Officials (CABO) now called the International Energy Conservation Code
(IECC).

A The Economics of Energy Codes

Energy codes have been one of the most cost-effective ways of meeting regional and
national energy needs. Discounted fuel-cost savings over the lifetime of aresidentia building
aretypicaly at least twice the cost of the projected cost of efficiency. That is, a code that adds
$1,000 to the cost of anew house will produce $2,000 of present valuein energy savings. For
non-residential buildings, the results generally are even better: benefit-cost ratios of 3 or 4:1 are
common.

Generally, estimates of economic benefits from energy codes are likely to be understated.
The economics of energy efficiency are considered prospectively: the costs of complying with
the code are estimated using the cost in the marketplace for the technol ogies predicted most
likely to be used for compliance. But actual costs generally are lower for two separate reasons.

1. Theincreased availability of technologies and equipment and services used to comply
with the energy code causes increased competition, which drives the cost down. For
newer technologies, the "learning curve effect” where the real cost of technology declines
at least 15% for each cumulative doubling of production, leadsto significant cost savings.

2. The energy efficiency measures and strategies used by the construction industry to
comply are often less expensive than the ones assumed by government officialsin
developing the codes. Thisisanearly inevitable outcome of reliance on performance-
based standards, and one of the primary arguments for relying on them, as we discuss
below.

B. California's Sate Building Code: Perhaps The Most Effective Building
Energy Code in the World

Cdliforniafirst set its energy efficiency standards for buildings and appliances in the mid-
1970s. Savings from buildings and appliance standards in Californiato date exceed 5,400
megawatts, more than 10% of total electricity demand for al purposes (which is about 45,000
megawatts). These savings are projected by the California Energy Commission to grow to
10,000 megawattsin the year 2010. Asthe volume of new construction increases over time
these savings should grow.*°

8 Energy Policy Act of 1992, Pub. L. No. 102-486, 106 Stat. 2776 (codified as amended in various sections of 15, 16,
& 42 U.S.C.). [Hereinafter EPACt].

° Although called “international,” in practice the code only serves the U.S. and Canada.

19 These estimates of energy savings from California’ s codes are conservative because they assume that the energy
code remains fixed at the level most recently adopted. It is common practice for codes to be revised every threeto
five yearsto include higher levels of energy efficiency. Because the savings from these future revisions are hard to
predict, they are not included in projections of energy savings.



Cdlifornia had virtually no requirements for energy efficiency in new buildings before
1975 when a new agency, the California Energy Commission (CEC), was established by state
law to plan comprehensively for energy supply and energy efficiency. The CEC was explicitly
mandated to develop energy efficiency standards for buildings.**

In 1976-77, the CEC's new standards mandated significantly increased levels of energy
efficiency, restricted the use of electric resistance heating, and also embodied several innovations.
First, rather than requiring all houses to contain the same levels of conservation measures, a
basic passive solar building with prescribed efficiency levels was used to define a baseline level
of energy consumption.'? Several additional prescriptive packages, or alternative combinations
of conservation features, were provided explicitly in the building standard and certified as

achieving equivalent energy consumption.

Mandatory Codesin Timesof Supply
Shortage

Energy efficiency codes can aso be used to avert
problems of shortage of either fuel or electricity.
For example, in early 2001, California adopted
modificationsto its energy efficiency standards
for buildings that were designed to aid in
avoiding predicted electricity shortages and the
likelihood of blackouts. These revisions are
estimated by the California Energy Commission
to save 200 megawatts of peak demand for every
year they arein effect.

Several regions in Russia were also motivated by
the prospect of fuel shortagesin adopting
residential energy efficiency standards. Over the
past several years, these regions have had
difficulty securing sufficient fuel supplies.
Interior temperatures maintained by the
municipal district heat system in residential
buildings were failing to meet minimal comfort
standards. Energy efficiency standards eased the
situation by assuring that new buildings put less
strain on fuel supplies.

Second, the CEC developed asimple
"point system" for comparing the energy
performance of buildings with higher efficiency
in some components and reduced efficiency in
others. The point system alowed the designer to
make tradeoffs between aternative energy
efficiency technologies.

Third, computerized energy calculations
could be used to show that a proposed design met
theintended level of energy performance. The
CEC's proposed standard spawned conflict with
the building industry. The resulting compromise
created " prescriptive packages'* that were
established as the primary basis of the standards.
It required the builder to model the energy
consumption of his proposed building and
compareit to that of an identical building that
employed the new "prescriptive package." This
was referred to as the "custom budget” procedure
for computer calculations.

In 1987, the CEC established new prescriptive packages of conservation measures more
energy efficient than the previous packages. For commercial buildings, it adopted stringent
lighting power limits and restricted the common practice of providing heating and cooling
simultaneously. More importantly, the CEC eliminated the "fixed budget" approach for
commercial buildings as well as residential buildings, and defined carefully the rules for
computer simulation to eliminate loopholes in the computer process, which had begun to
undercut efficiency goals significantly. While the "custom budget”" procedures appeared to be a

2 Warren Alquist Act of 1975 (Public Resources Code Section 25001 et. seq.)

12 passive solar houses with an exception to the glazing area restrictions because with proper orientation and thermal
mass, more glass |leads to reduced rather than increased energy consumption.

13 See section VI.C.1 and 2 on pp.15 and 16 for a discussion of prescriptive and performance-based energy standards.



way to appease and weaken the standard when they were first adopted, subsequent field
experience showed that they created more fairness and did not compromise energy efficiency
significantly.

Following these revised rules, reports from the field suggested improved builder
acceptance of, and compliance with, the standards, as well as the decreased paperwork and
simplified compliance. They aso demonstrated a continued and even growing builder interest in
using the performance-based approach. Many observers believe that the increased level of
educational materials provided along with the standards and the effort to train building code
officials can be credited with this result.**

The California Energy Commission
undertook another significant upgrade of the Title
24 standardsin 1992. It supervised a

California: Training = Compliance

To optimize compliance, CEC focuses on two

primary methods. The first involves
simplification and explanation of the standards,
and the provision of easy-to-use forms and
calculation methods. The second approach
involves training of local building code officials,
both to communicate the importance of enforcing
the energy standards and to explain how the
enforcement is to be carried out. CEC also
supports regular forums for communication with
building code officials, architects, energy
calculation consultants, builders, and public
interest organizations. Manuals are also provided
to explain and supplement the standards, and to
provide step-by-step calculations. Furthermore, a
bi-monthly newsletter to architects and building
code officials explains issues of interpretation. A
toll-free telephone service is available to respond
to specific questions concerning interpretation of

comprehensive study of the costs and savings of
energy efficiency measures available for
residential buildings and required that the
prescriptive packages and the performance
approach be based on a building that included all
cost-effective efficiency measures.

Additional important upgrades were made
in 1998. For the commercial sector, the results of
utility DSM programs were used to guide the
Commission to reduce significantly the lighting
power budgets. Lighting isthe single largest
energy user in commercial buildings. For
residential buildings, low-solar-heat-gain glass
was required, and implementation rules that
allowed builders to take credit for movable

the energy standards.

shading devices, such as window shades, which
were not really used in practice, were eliminated. The code began to incorporate new research
and testing standards on leakage from air distribution ducts, which was found to account for over
20% of energy use. Credit was given for leak-free ducts, tested by afan and pressure gauge, as a
voluntary compliance option. The building industry was put on notice that these |eak-free duct
systems would be required in the prescriptive case during the next three-year code revision cycle.

The code revision process was accelerated due to California's electric power crisis of
2000. In responseto legidation intended to avert blackouts, the Energy Commission rapidly
adopted improvements in both residential and commercial building codes, adding significant
requirements for solar-reflective windows in non-residential buildings and requiring upgraded air
conditioning systems and reflective roofs in the cooling climates, along with accelerating the
date that |eak-free ducts were required in the residential standards.

14 Department of Energy, Tomorrow’s Energy Today for Cities and Counties; Commercial Energy Codes Lay
Foundation for Saving Money 3 (February 1995). [Hereinafter Commercial Codes).



During the 1990s, severa utility
evaluation studies |ooked at the extent of
compliance with the code, and with the
extent to which buildings exceeded it asa
result of utility-sponsored incentive
programs. The studies show that code
enforcement was generally quite good,
with average energy performance of
buildings consistent with that which
would be predicted from the text of the
code. One study showed that by 2000,
over 90% of residential buildings were
demonstrating compliance using the
performance method.*®

V. Designing Effective Building
Energy Codes

Designing atechnically sound
building standard is an important first step
toward creating an effective energy code
that saves energy in practice, not just in
theory. However, many such standards
have failed to save any real energy as
codes because of insufficient market
acceptance and inadequate administrative
and enforcement infrastructure. Below,
we discuss key components of a
successful implementation program and
how the technical content of the standard
can be designed to facilitate
implementation.

A A Focus on Implementation

Developing a Code: What Not to Do

The development of the Building Energy Performance
Standards (BEPS) is an example of an early miscue by the
federal government. The Energy Conservation and
Production Act of 1976 required the development of
national mandatory standards for all new U.S. buildings.
DOE first issued a draft of the building energy
performance standards (BEPS) in 1979 for new
commercial and residential buildings.

BEPS was a disaster both politically and technically.

Politically, it failed because the federal government tried
to usurp the task of regulating construction, which
traditionally had been the purview of the states. Many
states had adopted their own standards and DOE received
many comments that insisted on maintaining local control.

Technically, BEPS offered no guidance on how to comply
with defined energy budgets under the performance path.
Although the performance approach already was available
in the prevailing building standards issued by the
American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE), buildersrarely used
it. This created two problems. First, BEPS mandated
100% reliance on this difficult-to-use provision that was
hardly ever employed and with which designers and
builders were uncomfortable. Second, the fixed budget
approach in BEPS required much more intensive
investments in energy efficiency measures for some
building or building types than for others, in contrast to
the ASHRAE standard, which required about the same
efficiency measures regardless of the details of the
buildings’ site or its purpose.

These criticisms of BEPS caused Congress to restrict
mandatory building energy standards to the Federal
sectors and voluntary for all other sectors.

A well-designed code will have the goal of successful implementation at its core. In
order to be effectively implemented, energy codes must be fully understood by the entire
building market. Some studies have shown that simple codes are more likely to result in high
levels of compliance. For example, Oregon'srelatively simple mechanical system codes resulted
in 96 percent compliance, while Washington State's more complex codes averaged only about 72
percent compliance.®® Generally, the people implementing an energy code will have less

15 “Residential New Construction Study.” Prepared by Regional Economic Research, Inc. San Diego, CA, for

Pacific Gas & Electric, 10 September 2001.
16 Commercial Codes, note 14 above at 4.




education and technical experience than those designing the code.’”  If a code is more complex,
better training and more carefully administered implementation approaches are needed.

An effective code must be one that enforcement officials and designers are capable of
implementing and motivated to implement. It must be one that can be met in the field by
available technologies and professional services. An agency that plans on enforcing an effective
energy code should plan on the following activities:

1. The development of guidebooks for design assistance and training. These materias explain
what is meant by the legal requirements in the code, and illustrate typical ways that designers
can achieve and document compliance. Guidebooks for the designer may aso be
accompanied by training manuals that explain how this information can be conveyed to code
officials. The best guidebooks explain the benefits of code compliance to the building owner
or tenant, and encourage designers to go beyond the code. Examples of beyond the code
measures and their additional benefits are provided.

2. Provision of training for code officials. Training isessential. Building officials are, at best,
most accustomed to enforcing code provisions whose consequences are more visible when
thereisfailure, such as structural or eectrical or fire safety requirements. If they cannot
understand energy efficiency requirements, they are not likely to enforce them. On the other
hand, if they realize that these standards protect the financial well being of the consumer,
reduce pollution, and maintain comfort, they will do a more effective job.

Numerous studies in the United States show that training is necessary at regular intervals.
In the United States, personnel in building inspection departments may change jobs
frequently. Thus, agood training program in 2001, when anew code is introduced, may
still mean most officials in the department have not been trained by 2004 when a new
code revision takes place.

3. Compilation of interpretations. No matter how comprehensive the code and the design
assistance materials, questions of interpretation are certain to arise. The code agency should
make it easy for designers to look up interpretations, and to obtain new onesif necessary.
This requires compiling the most commonly used interpretations as they are devel oped and
making them easily available. It ishelpful to have atoll-free telephone number or awebsite
that a designer may access to get on-the-spot expert interpretation of how to enforce a
particular element of the code. At the California Energy Commission, the staff that
developed energy codes are required to answer these telephone lines because it gives them
new perspective on what elements of the code are poorly written or inconsistent with field
practice.

4. Outreach and training for building designers. Users of the code must be trained as well.
The submission of incomplete or incorrect designs can cause significant disruption in the
smooth working of the enforcing agency. Ideally, these training programs will familiarize

17 Personal communication with Robert Kelly, Technical Director, National Conference of States on Building Codes
and Standards.
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users with complementary programs, incentives and information resources, to the extent they
are available.

5. Encourage public participation. No matter how effective or well prepared the adopting
authority is, field situations will arise that create difficulties for complying with the standards.
Solutions to these problems can be found if thereis a process for public participation during
the implementation of the code aswell asin its development. Local officials, builders,
building supply industries, and other stakeholders should have regular opportunities to speak
with the authorities responsible for devel oping the code to point out problems, thereby
encouraging revisions that can most effectively achieve the same resuilt.

Energy codes often attract considerable controversy among advocates or opponents of
particular technologies or levels of energy efficiency. Inthe United States, many building
supply industries use code revisions to improve the market for their products. These attempts
can bein the public interest when the product offers new ways to save energy and is effective
to the building user. Thereisaso general opposition from the construction industry to any
sort of change. These concerns do not always go away by ignoring them or overriding them:
they often show up as enforcement problems. A public processin which all stakeholders can
comment on the proposed code and revisions and in which the code devel opers are required
to respond substantively to requests for changes are generally valuable to al parties, even if
they can be frustrating to participants. In many cases controversies over elements of the code
can be resolved in awin-win fashion.

6. Regular (3 or 5-year) revisions. Technology and design strategies improve over time; what
was considered a very energy efficient building when a code was initially adopted falls far
short of the economically justified target afew yearslater. Therefore, code officials should
plan on aregular cycle of revisions to the energy code. Having aregular cycleishighly
preferable to only conducting irregular revisions. A regular revision cycle prepares the
construction industry and the enforcement apparatus to adapt to change and reinforces the
need for regular retraining.

With aregular cycle--typically three yearsin the United States, but perhaps longer periods
for other regions new to mandatory codes--the market can build in expectations of not only
expanded sales of new energy efficiency technologies but also forecast the level of salesfor
existing technologies. Moreover, the engineering, design and construction industries also can
plan for modifications to their current practices.

The ability to revise acode on regular intervals allows for some of the more advanced energy
efficiency measures to be phased in over time.*® In addition, new technologies can be
included in the prescriptive requirements for the energy code, resulting in additional energy
savings. As discussed below, this automatically advances the stringency of the performance
target aswell.

18 For example, the requirement that hot and cold air distribution ducts in homesin California be tested for
elimination of air leakage was phased in over a6-year time period. During the first three years, the method was
optional and could be used to trade off against other energy efficiency measures. During the second 3-year period, it
was required.
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B. Tiered Energy Sandards

One way of automatically integrating a
revision in abuilding codeis to adopt tiered
The Russian Ministry of Construction (Gosstroi), | standards. Tiered standards codify two or more
in conjunction with NRDC and CENEF", a increasing levels of efficiency, incorporating a

Russian non-governmental organization (NGO), : . .
developed a code that required the phased later implementation date for the more stringent

introduction of highly insulated wall panels. requirements.

Tiered Standardsin Russia

The previous code had allowed compliance As noted above, California adopted its
through reduced conductivity concrete, asisthe requirements for solar-reflective fenestration
case with Chinese codes. But the second phase | o gems in homes and for leak-free ductsin tiers.
of the Russian code, with adelayed 4 . . - .
implementation date, required the changeover to | Since the mid-80s, residential windows standards
three-layer wall panels that included an insulating | had required low solar heat gain, but had

center layer between the interior structural layer effectively allowed clear-glass windows to be

ggd tr;?"te?or Wee“.her‘éailalm 'agief -aITlhe , | used because more credit was given for cheap
ayed implementation date allowed wall pan (and uninspectable) white roller shades than for

manufacturers to adapt to these changes over a ,

few years. low-e coated solar reflective glass. The

Commission decided in the 1998 code revision to
reduce the credit for roller shades by about half, effective immediately, and to eliminateit in the
subsequent code revision.

The leak-free duct requirement was al so established in phases as described above. Inthe
first phase, credit was given for tested leak-free ducts, but they were not required. In the second
phase, it was understood by builders that the standards would require this measure in the
reference house — that is, that builders would either have to install leak-free ducts or increase the
stringency of other energy efficiency measures to compensate.

C. Design of Energy Codes
1. Prescriptive and Performance Options

NRDC is very encouraged by the progress that has been made by the Ministry of
Construction in developing new national codesin China. We have supported their development,
and will continue to support their aggressive implementation, because they will save substantial
amounts of energy cost, and pollution in Chinaand globally.

But China's standards fall far short of current technological potential. Their development
was constrained in several different ways. Perhapsthe most significant constraint is the
recognition that design and construction practices, as well as the availability of building supplies,
cannot change radically overnight.

Thus, for example, the use of insulating materias in load-bearing concrete walls, while
undoubtedly a cost effective technology, could not be required in the current generation of codes
because of the limited availability of appropriate materials and finishing techniques, aswell as
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the limited familiarity of the building crafts and trades with their installation. Similarly, the lack
of developed rating systems for energy components such as windows impedes the introduction of
highly cost effective technologies into the code, such as solar reflective windows.

Virtualy all of the most successful energy codes around the world offer two paths for
compliance: a"prescriptive approach” and a"performance approach.” The prescriptive
approach dictates the performance of particular components of the building, such as the U-value
for wall systems and shading coefficiencies for windows. The performance path sets an energy
consumption or energy cost target for the entire building and allows designers to meet it through
avariety of acceptable energy efficiency measures and design changes. Although these can be
considered competing options, experience has demonstrated that the existence of both paths
actually provides mutual reinforcement.

a. The Prescriptive Approach

The prescriptive approach demonstrates to compliance officials and designers, in
concrete terms, what the standard requires.

Most building code officials prefer a prescriptive approach because it is smpleto
understand and enforce. Many builders also prefer it because they can simply know that if awall
is constructed in a certain way, or awindow islabeled for a certain attribute, it complies. Others
do not favor this approach because it limits options for how to build their buildings.

With a prescriptive code, there are generally fewer compliance problems. Fewer
measurements are required, and fewer types of calculations are needed. Generaly, a prescriptive
codeisthe best first step in getting a building industry to accept the concept of regulating energy
efficiency measuresin abuilding. It allows the compliance and enforcement infrastructure to be
put in place and, because it is simple and clear, will result in the fewest conflictsin the field.

A prescriptive code, however, is not avery effective means of promoting continuous
improvement in the overall energy performance of buildings.

b. The Performance Approach

A performance standard requires that a given energy target be met without specifying the
means for achieving it. Thus, it provides a market opportunity for new efficiency technologies to
replace old ones.

In awell-functioning market that minimizes construction costs, which istypical of most
economically successful regionsin the world, builders will constantly be looking for new ways
to achieve code compliance at lower cost than their competitors. While thisis moderately
beneficial to the economy, in that it leads to lower construction costs, it does not encourage
further energy savings.

Although the performance approach isin many ways an alternative to the prescriptive
approach, it is difficult to enforce or even understand the performance method without reference
to aprescriptive method. Thisis because neither the designer nor the enforcement official has



13

any intuitive idea as to what a complying building should look like. But, if the codeis structured
such that the performance standard achieves the same energy performance as required by the
prescriptive standard, then the intuitive leap is possible. ™

Because there are thousands of ways for calculating compliance and thousands of ways
of calculating energy consumption for a given building, the performance path only works when
simple and fixed rules and forms for calculating compliance are provided. Even the most expert
individuals at modeling building energy performance can come up with significantly different
resultsif they use dlightly different methodologies. Thus, the question of what complies or does
not comply with the performance approach can become ambiguous. The way to avoid ambiguity
isto provide firm rules and algorithms for doing the calculations.

These complex calculations are best done by computer. Computers not only provide
more accurate simulation of energy performance, but also assure automatically that all
calculational rules are followed, and that the designer is not able to adjust, either accidentally or
intentionally, parameters that are not part of the building design in order to make compliance
easier.

Most performance-based methods in Americaare hardly, if ever, used. But thisis
because they are complex and often produce irreproducible results. This complexity causes
some building officials to reject performance-based applications altogether.

But the two states, California and Florida where the performance method has been
automated and simplified — simplified to the point where any building code official can
understand the output and inspect the building to see whether it conforms — the performance
method is used by 90% of the applicants for energy permitsin new homes.

D. Design Intent vs. Field Performance

Energy codes regulate the design intent of a building, but do not necessarily regulate the
actual use of energy in areal building.

It aso has been demonstrated by measurements that identically designed buildings can
have substantially different energy performance depending on the operation and maintenance of
the equipment and the preferences and behaviors of the occupants. For example, for residential
buildingsin the United States, there can be adifference of as much as 10:1 in the heating energy
consumption of homes with identical designs.

9 A building, for example, that fails to meet the prescriptive requirements for most of its components, and failsby a
significant margin, is unlikely to gain compliance through the performance method if it does better than the codein
only one attribute. A building that purports to do this should be subject to much more careful scrutiny to determine
whether it really complies.

2 However, improvements in calculated energy performance consistently lead to improvements in actual energy
performance. That is, while any individual energy-efficient building may use more heat than any individual non-
energy-efficient building, a sample of 100 energy efficiency buildings will perform better than a sample of 100
inefficient homes, and the ratio of energy use will be about what is expected by the calculations.
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Many buildings use more energy than predicted, particularly larger buildings. Most of
this divergence is due to poor installation of equipment and poor operation and maintenance
procedures. Problems of improper installation or insufficient testing can be ameliorated through
properly commissioning buildings once they are complete. Commissioning protocols are
currently under development in the United States by the New Buildings Institute, the U.S. Green
Building Council and other organizations.

From an energy planning perspective, proper implementation of energy codesisvery
important. Even though the energy use of a code-compliant building can still vary significantly
depending upon occupant behavior, the variance in energy consumption is substantially smaller
compared to a building constructed without an energy code.

E. Energy Standards for Appliances and Equipment

Basic energy savings not realized by improved design through the building code can be
captured by equipment standards.®  Unlike buildings, energy efficiency in equipment and
appliances has been regulated principally (but not exclusively) at the national level.

These performance standards for appliances and equipment have been the other
cornerstone of regional and nationa energy efficiency policiesin the United States to reduce
energy consumption. In the United States as awhole, appliance and equipment standards are
already saving 2.8% of total peak electricity use, or 21 GW; thiswill rise to 12.6% savings or
120 GW by 2020 due to standards that have already been adopted, but are not yet in force.

Equipment standards have an advantage over building codesin that they apply to
equipment going into existing buildings aswell as new buildings. But, aswith building codes,
appliance and equipment standards will not save energy if they are not enforced.

Outside of space conditioning, other building energy end-usesin the U.S. have grown
significantly. By 1975, refrigerators had become the largest user of electricity in American
households, with other appliances such as air conditioners, water heaters, clothes washers, and
lighting systems also consuming large amounts of energy. Recently, small transformers used to
power electronic equipment have also become significant energy users.

1 Performance or Prescription Standards

The issue of whether to use prescriptive or performance standards for equipment arosein
the United Statesin the early 1970's. The appliance industry expressed a general preference for
performance-based standards.

Aswith buildings, performance standards require the development of atest protocol—
anal ogous to the computer-based cal culation method for buildings—and then the establishment
of amaximum energy use based on the test procedure. In all major countries, the appliance
testing protocols have become the basis for ratings that are available to consumers and energy

2 |In California, savings from appliances and equipment standards augment the savings from building standards by
about 50%.



15

officials throughout the country or region. These ratings, typically in kilowatt-hours per year, or
kilowatt-hours per year per unit of output, can be the basis for incentive programs and other
market-based programs to encourage energy efficiency.

a. Household Appliances

Minimum efficiency standards were first adopted for household appliances and certain
commercial equipment in Californiain the mid-1970s.?* California strengthened its standardsin
1983 and several other states passed different sets of requirements. Thisdiversity of standards
encouraged the appliance manufacturing industry to seek a national standard that would preempt
the state standards.®® The National Appliance Energy Conservation Act (NAECA) was adopted
into federal law in 1987 and amended in 1988.** The law prohibited the manufacture and sale of
products that fail to meet the minimum efficiency requirements. NAECA required DOE to
review prevailing standards periodically and strengthen them if technically and economically
feasible. The 1992 EPAct added a number of other energy- and water-using products and
established minimum regulations and a process for strengthening them.

Since these laws were passed, the Department of Energy has promulgated approximately
ten amended standards requiring higher levels of efficiency. While thisfalls significantly short
of the number of revisions required by the law (with deadlines that have already passed) it
neverthel ess has prompted noteworthy increases in appliance efficiency, as shown in Table 3.

Table 3: Examples of Efficiency Changes

Appliance 1970-1975 Energy Use 2000-2001 Energy Use

Average Best Average Best
Refrigerator 1,725 kWh/yr 1,325 kWhlyr 2001 ~400 kWhlyr

Standard = 475 kWh/yr
Clothes 3.81 kWh/cycle ~2 0.7 kWh/cycle
Washer kWh/cycle 2007 Standard is at this
level
Central Air 7EER 9.5EER 9.8 EER 13 EER
Conditioners 2006 Standard requires
~11.3EER

Dishwashers 4.2 kWh/cycle ~2 kWh/cycle ~1 kWh/cycle

The largest number of standards have been established for refrigerators, which also have been
subject to a number of other policiesthat are discussed in this paper. Thisexampleis so
important that it is discussed separately in the section on Appliances and Equipment bel ow.

2 Cdlifornia's standards regulated refrigerators, freezers, stoves, residential central air conditioners, room air
conditioners, water heaters, furnaces, fluorescent lamp ballasts and showerheads.

2 The energy crises spurred by the Middle East oil embargo made the adoption of energy efficiency policies critical
for states heavily dependent on oil, such as Californiaand New Y ork. The difficulty for manufacturers, which
produced and sold to a national market, was that non-uniform requirementsin different states made it extremely
difficult to produce and ship the correct equipment.

# NAECA regulated energy in the appliances covered by the California legislation, aswell as dishwashers and
clothes washers, cooking ranges, fluorescent and incandescent lamp ballasts and low-flow toilets.
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2. Lighting

In the United States, lighting accounts for approximately 25 percent of annual energy
costsin the U.S., almost $37 billion.”® Approximately 60 percent of lighting energy useis from
fluorescent lamps, which require a ballast to provide a suitable starting voltage and then limit
current flow during operation of the lamp. Ordinary ballasts dissipate about 20 percent of the
total power entering afixture. More efficient magnetic ballasts, introduced in the mid-1970s,
make use of better materials, including copper windings and high-grade steel, to reduce ballast
losses by 50 to 60 percent. Solid-state electronic ballasts, first introduced during the early 1980s,
cut lamp/ballast system losses 15 to 20 percent further than efficient magnetic ballasts and
increase lamp efficacy due to high-frequency operation.

By 1987, about one third of ballast sales were energy-efficient magnetic ballasts. 1n 1988,
federal ballast efficiency standards were adopted. As aresult, inefficient magnetic ballasts could
no longer be sold or imported into the United States. In 1994, the DOE proposed new efficiency
standards for fluorescent ballasts that require use of electronic ballasts. The standards were to be
finalized by 2000 and take effect in 2005.”° The Department estimated that these standards will
save 57 TWh per year by 2015. The consumer will realize economic benefits of nearly $14
billion over a 35-year period.?’

Incandescent lamps account for approximately 30 percent of electricity used for lighting
in the United States.?® The use of compact fluorescent lamps (CFLs) will result in energy
savings of approximately 66 to 78 percent with equivalent light output.”® CFLs also have
approximately 10 times longer life than typical incandescent products. For commercial buildings,
this also results labor cost savings since they need to be changed less frequently.

VI. Beyond Energy Codes

In addition to the regulatory push to rid the market of the worst performing technologies
and practices, an incentive pull is necessary to encourage continuous improvement in energy
efficiency. First we will discuss how codes can be integrated into a broader market
transformation strategy, then we will describe the limitations of energy codes and advancesin
building research that have revea ed the different ways buildings use energy that are not captured
by typical energy-only standards. Finally, we will describe a number of successful market
transformation tools that have been used to comprehensively improve energy efficiency beyond
the mandatory requirements of codes.

A Integrating Energy Codes Into A Broader Strategy
Energy efficiency codes work best when they are undertaken as part of amore
comprehensive strategy that includes incentives, both short-term, actively-managed incentives

% U.S. Department of Energy, Energy Efficiency and Renewable Energy network. See
<http://www.eren.doe.gov/erec/factsheets/edight.htmi>.
% Howard Geller and Steven Nadel, "Market Transformation Strategies to Promote End-use Efficiency," 19 Annual
5eview of Energy and the Environment, at 308 (1994).

Id.
#1d. at 311.
#d.
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and longer-term, fixed incentives, along with both informative and normative labeling policies
that establish the value of energy efficiency in the marketplace; and, more broadly, education and
outreach programs and research and development for new technologies and designs. As shown
in Figure 2, all of these policiesinteract in multiple directions.

Figure 2. Energy Codes as the Basis for Beyond Code Activities
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Although no jurisdiction has yet fully adopted a comprehensive approach, experiencein
regions that have adopted several of the pieces shows that each piece reinforces and strengthens
all of the others. Standards generally constitute the basis from which these other programs can
be designed. A well-designed, comprehensive program will intentionally build into standards the
types of policy features that can be useful in designing incentive or educational programs.

B. Limitations of Codes

Energy codes are a necessary, but not sufficient element of a market transformation
strategy. While codes have been the primary policy force causing improved energy efficiency in
buildings, they also have severe limitations if they are the only policy tools available.

First, prescriptive codes usually can only require technologies already widespread in the
market because they apply to all new construction without exception. If the code were to require
atechnology that is only minimally available in the market, builders may be unable to comply. If
thisis the case, compliance officials may have atendency to look the other way if the code
requires "impractical improvements.” Thiswill hinder enforcement and undermine the
credibility of future code improvement efforts.

This problem can be partially mitigated by the performance approach, since no particular
technology isrequired. However, if the code places reliance on one technology with very large
energy savings, it could be very difficult or expensive to make up these energy savings using
other technologies.® Therefore, it often is not good policy to develop building codes that
require technologies that are not currently widespread in the market.

% |n the few cases where advanced technol ogies were relied on in prescriptive code development, all but one of
them had aready included awidely used or widely projected to be used performance option.



A second weakness of codes as the
sole energy efficiency policy isthat codes
seldom include all cost-effective measures.
Thisismore apolitical problem than a
policy problem; thereisno reasonin
theory why all cost effective measures
could not be included, and indeed, there
are afew examples where they were.®
But in general, the building industry has
trouble accepting changes in many
different componentsin the building at
once.

A third limitation of energy codes
isthat they have trouble addressing
complex systems. The best exampleisthe
heating ventilation and air conditioning
(HVAC) systems of large, high-rise
buildings. Much of the energy
performance of HYAC systemsis
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Standard Design Assumptions Can Waste Energy

The standard for energy lossin the ducts of alarge
commercia building — one of the biggest sources of
energy waste — could be set based on a design in which the
ducts are relatively large and the runouts relatively short, a
common configuration that is inherently energy efficient.
But, for a building with low floor-to-floor heights and a
very large footprint, the ducts might be required to be
small and the runouts from the central areato the remote
parts of the building could be very long and circuitous.
The pressure drops for such a system would be far larger
than for the reference system, and the standard could be
very difficult to meet.

To solve this problem, ASHRAE 90.1-1999 (and the
previous version of this standard) was based on aworst-
reasonabl e-case condition of static pressure drop in the
duct system. The requirements — expressed as alimitation
on watts per liter-per-second of air flow — are so loose that
for any building without these extreme constraints, no
energy efficiency measures are required.

determined by operational characteristics such as equipment settings and programming of
equipment. These are difficult, if not impossible, for building inspectors to identify and the
inspected settings are amoot point once the building is certified for occupancy.

Complex systems have so many different options that prescriptive requirements tend to
get very complicated. For each option, adifferent prescriptive requirement is needed. In
practice this can lead to a different "reference case" in the performance standard for each

variation in system design.

The problem with respect to energy savingsisthat either the standard is set based on
some relatively simple prototype and could become difficult or impossible to meet in all cases, or
else the standard is adjusted upward in energy consumption for certain hard-to-design systems

and then ceases to encourage much efficiency.

Finally, building codes only address new construction. Energy efficiency in existing
buildings must be addressed by equipment standards, incentives and education programs.

C. Operations Are Not the Only Way Buildings Consume Energy

As energy codes have improved over time, other aspects of energy consumption related
to buildings can actually exceed the energy used to operate them. These aspectsinclude a
building's location, its site plan and landscaping, and its construction materials.

% The other problem that arises is that the definition of "cost-effective" for code purposes is defined based on a very
short time horizon, often as aresult of political pressure from stakeholders wishing quick profitability.
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Location is perhaps the most significant of these in the United States. An efficient
building in aremote location will result in more energy being used by the occupants commuting
to and from the building than the building consumes itself. Even more remarkably, the total cost
of driving carsto and from the remotely-located building in the U.S. can exceed the entire cost of
purchasing the house.

It is possible to quantify the extent of driving and its related cost, energy use, in air
pollution emissions, for agiven location, at least in the United States. The extent to which these
are lower than aworst-case location of "suburban sprawl™ can be expressed as the "location
efficiency” of the house and its neighborhood.

It has been found that differencesin neighborhood characteristics, primarily the
residential density, or number of housing units per hectare of residential land, and the level of
provision of transit service (number of buses or rail vehicles per hour passing within walking
distance of the residence) have the largest effects on location efficiency. Reasonable variations
in these two variables alone can reduce the amount of driving by almost two-thirds, based on
typical conditionsin the United States, holding income and family size constant. The results are
displayed below in Figure 3.3

While these results are based on U.S. data only, they are consistent with findings whose
database is global . *

Figure 3. Vehicles per Household vs. Households per Residential Acre — San Francisco
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Proper site planning and landscaping can reduce urban heat islands and the water
required for irrigation. Heat islands can increase ambient temperatures by 6-8° F (4-5° C),
significantly increasing air conditioning levels. Water purification and pumping are one of the
largest single municipal energy consumersin the arid western United States.

% See D. B. Goldstein. Research |deas for Transportation presented to the U.S. National Research Council Surface
Transportation Environmental Cooperative Research Program advising board's Research Priorities Workshop,
Washington DC, 26 September 2000.

% P, Newman & J. Kenworthy. Cities and Automobile Dependence: An International Sourcebook.
GoverPublishing, 1989.
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Finally, the embodied energy of a building can be significant, particularly where energy
intensive cement and steel are the dominant building materials. As noted above, industrial
energy consumption to manufacture building materialsin Chinais nearly equal to the energy
used in the buildings themselves. This seems a particularly ripe areafor intervention, either in
the building sector or in the industrial sector.

D. Model or Voluntary Sandards

In the United States, relatively few jurisdictions have the budget or the technical expertise
to develop their own energy standards for buildings. In most instances, they incorporate other
organization's standards into their building codesinstead. A number of these model energy
standards have been devel oped since the 1970s.

1. Association Standards

The ASHRAE/IESNA 90.1 Standard is the predominant national standard for
commercial buildings.* Although Standard 90.1 is anational standard, it is not a Federal
standard. Ongoing upgrades of Standard 90.1 have resulted in commercia buildings that save as
much as 50 percent of energy consumption compared to non-complying buildings before the first
standard was adopted in 1975.* The standards al so have reduced construction costs by cutting
excessive lighting and window area®® ASHRAE has developed a standard that also applies to
residential buildings, Standard 90.2, although it has yet to be adopted by any code-enforcing
jurisdiction. ASHRAE standards have aso been instrumental in the model federal building
efficiency standards and guidelines developed by DOE. However, in the area which accounts for
the largest fraction of energy use in commercial buildings—lighting—DOE adopted
requirements in about 1990 that went significantly beyond those in the ASHRAE standard.
Implementation of ASHRAE commercial standards is expected to reduce energy billsby $2.1
billion annually by 2010.%

The International Codes Council (1CC), isthe sponsor of the International Energy
Conservation Code (IECC).®* The IECC isavoluntary code principally used for low-rise
residential construction, athough it coversal commercial buildings aswell. About 40 states
have adopted some version of the IECC, or used it as abasis for their state code, while a couple
of states have adopted the commercial building version. Several studies have found that the
IECC energy requirements are highly cost-effective. An analysis by the Alliance to Save Energy,
for example, suggests that if the 34 States with codes less stringent than the 1995 version of

% The American Society of Heating Refrigerating and Air Conditioning Engineers (ASHRAE) and Illuminating
Engineering Society of North America (IESNA) are national and international professional engineering associations.
More than 40 of the 50 states enforce energy efficiency standards derived in whole or in part from ASHRAE
Standard 90.
% David B. Goldstein, The American Experience with Establishing Energy Efficiency Standards for New Buildings:
Case Studies of Californiaand National Energy Studies, Presented at the Third Soviet American Symposium on
3Eenergy Conservation, October 2-15, 1988, at 1.

Id.
37 Sustainable Energy Strategy: Clean And Secure Energy For A Competitive Economy, National Energy Policy
Plan Pursuant to Section 801 of the DOE Organization Act, 30 (July 1995). (Hereinafter National Plan), at 30.
% Earlier versions of the IECC were released in 1983, with updates in 1986, 1989, 1992, 1993, and 1995.



21

IECC adopted the model code, the resulting changes in new homes would achieve paybacks of
lessthan 2 years. Furthermore, the Alliance found that in some regions of the country codes
stricter than |ECC would provide a 4-year payback.®

2. Federal Modd Standards

Two federal agencies, the DOE and Department of Housing and Urban Devel opment
(HUD) have been active in the development of model or actual building energy codes and
standards. Although the number of buildings constructed annually for Federal government is
limited, the government directly finances about 27 percent of new home mortgages through the
Federal Housing Administration, the Veterans Administration, and the Farmers Home
Administration. Eligibility requirements for Federal financing can directly influence building
design and construction.

Through avariety of legislation, Congress directed the Department of Housing and Urban
Development (HUD) to issue an energy standard for housing programs within the agency and for
manufacturing homes. The Federal government first issued the Minimum Property Standards
(MPS) in the 1950s to establish energy criteriafor homes using federally financed mortgages.
The standard limited the level of household utility expenses and reduced the rate of default on
home mortgage loans. The 1990 version required that "all detached one and two family
dwelli E)gs and one family townhouses not more than three stories in height shall comply with the
MEC.

E. Rating & Labeling Systems

Market based rating and labeling systems are a bridge between mandatory codes and
information systems. These systems can convey asignal to the market that a building delivers
superior performance. These ratings or labels are often based on standards or specific
performance criteria. In addition, these programs can convey information of comprehensive
environmental performance in addition to energy efficiency.

Building labels could be a key component of a comprehensive energy efficiency program.
As discussed below, avariety of incentive and purchase programs to encourage energy efficiency
could aso encourage widespread use of labels. If rating and labeling systems are designed
properly, they could serve as effective tools to building owners and managers and to the property
sales and lending marketplace in encouraging better buildings as well as greater energy
efficiency.

1.  LEED Rating System

% Ted Jones and Douglas Norland, The Alliance to Save Energy, "The 1993-95 Model Energy Code: Energy and
Environmental Savings, Costs, and Benefits by State” 1996 ACEEE Summer Study on Energy Efficiency in
Buildings, Washington, DC, ACEEE, 1996.

“0U.S. Congress, Office of Technology Assessment, Building Energy Efficiency, OTA-E-518 (Washington, DC:
U.S. Government Printing Office, May 1992). [Hereinafter Building Efficiency], at 108.
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The Leadership in Energy and Environmental Design (LEED) Green Building Rating
System is the next wave of beyond-code programs in the United States. Developed by the U.S.
Green Building Council,** LEED has 64 requirementsin 5 categories including Site, Water,
Energy, Materials and Indoor Environmental Quality.** Buildings receive LEED ratings ranging
from Certified to Platinum.”

After two years, LEED isin use by over 6 million square meters of commercia and high-
rise multifamily buildings, approximately 3% of the new construction market. LEED is
anticipated to penetrate approximately 5% of the new construction market thisyear. Although
small relative to the entire market, this represents almost 25% of the target market of Innovators,
Early Adopters, and a portion of the Early Mg ority that comprise the top 25% of the building
market. This market proportion isvery similar to the segment targeted by the EPA's Energy Star
program as discussed below. LEED's market share should grow as new products are being
developed to address the specific market concerns of speculative developers, existing building
owners and operators and sub-tenant spaces that only do interior renovations.

Operationally, LEED certified buildings are approximately 75% more energy efficient
than average new commercial buildings, not including secondary energy savings.** About 40%
of LEED buildings are infill development in urban areas and 60% of them are located within
walking distance of masstransit. About 60% have taken landscaping measures to reduce heat
islands™ and have eliminated irrigation systems, while nearly every project has reduced
landscape water use by at |east 50%.%

2. Energy Star Label

The U.S. Energy Star system created by the U.S. Environmental Protection Agency (EPA)
is another example of a normative label—one that establishes a recommended or "good" level of
energy efficiency.”” The Energy Star program encompasses appliances, office equipment and
new and existing buildings.*®

“1 The USGBC is avoluntary non-profit organization of over 1,100 major stakeholders in the building industry. For
more information visit <http://www.usgbc.org>.

“2 Although |EQ is not directly related to energy consumption, negative impacts on indoor air quality from
improperly implemented energy efficiency measures have been used by opponents of energy standards to relax
requirements or even to forestall adoption of efficiency measures.

“3 Certified buildings achieve 40-50% of the available points; Silver 50-60%; Gold 60-80% and Platinum 80% +.

44 Based on the U.S. Environmental Protection Agency's Energy Star benchmarking system, an average new
building scores a 50, while an average LEED building scores an 87. LEED currently references the ASHRAE 90.1
Standard and requires that buildings exceed it by 20 to 60% depending upon what level of rating the building desires
to certify.

“5 Reducing urban heat islandsin the U.S. could reduce annual energy bills by over $1 billion according to Lawrence
Berkeley National Laboratory.

6 Water treatment and distribution can consume up to 2.5 kWh per thousand gallons.

4" Normative labels are used to provide simple and easy-to-use access to the marketplace. While economic theory
says that consumers will optimize for energy efficiency, in practice, energy efficiency most often istotally ignored.
Thefirst step of improvement beyond ignoring energy efficiency isto make asimple "yes/no" distinction between
energy efficient buildings or equipment and inefficient.

“8 The Energy Star program covers: New Homes and Commercial buildings, Furnaces, Heat pumps (Air-source,
Geothermal, and Gas-fired), Central air conditioners, Boilers, Programmable thermostats, Insulation, TVs, VCRs,
Light fixtures, Office equipment (Computers, Printers, Fax machines, Scanners, Multifunction devices, Copiers)
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The use of awidely recognized logo such as Energy Star can provide market
differentiation that will encourage both manufacturers and consumers to move towards higher
levels of energy efficiency. For thisto work, the label must be credible in terms of technical
accuracy and in terms of distinguishing significantly better energy performance from merely
average performance.

3. Informative Energy Labels. Theory vs. Practice

Informative labels are intended to provide objective estimates of energy consumption,
often measured in cost to the consumer.

a. Residential Buildings

In theory, the presence of energy ratings will be incorporated into the marketplace for
buildings, raising the valuation of energy-efficient buildings and reducing the valuation of
energy-inefficient buildings.

Economic theory says that widespread availability of ratings should cause the market to
solve al the problems of energy efficiency. There hasyet to be any practical validation of this
hypothesis. Indeed, it remains the case that in most of America, energy efficiency measures that
could cut building energy use by 50% or more are almost universally ignored in the marketplace,
except where required by code or encouraged by economic incentives.

Policy makersin the U.S have been trying to develop home energy ratings for over
twenty years, with very limited success. These efforts have focused primarily on the residential
sector, despite analysis suggesting that the commercial sector might be able to use the ratings
more effectively.

Asaresult of these twenty years of effort, ratings for residential buildings finaly are now
availableinthe U.S. Thereisanationa standard, adopted by the National Association of State
Energy Officials, covering both the engineering calculations that lead to a uniform energy rating
and the procedures for certifying individuals who are qualified to do energy ratings, assuring that
they are well-trained and financially independent of the builder.”® Energy Star also rates new
homes and LEED is developing a national residential green building system. As shown in Table
4, about two dozen local homebuilder associations have developed or are devel oping green
building rating systems.

Table 4: Local Homebuilder Association Green Building Programs

Program Name Program Administrator Date of Contact Information

Inception
Austin Green Building City of Austin 1991 Www.Ci.austin.tx.us/greenbuilder
Built Green HBA of Metro Denver 1995 www.builtgreen.org

Refrigerators, Dishwashers, Room air conditioners, Clothes washers, and Windows. See
<http://www.energystar.gov>.
49 See <http://natresnet.org/standards/defaul t. htm>.
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Innovative Building Review | County of Santa Barbara 1995 805-568-2507
Program
Green Points City of Boulder, CO 1996 www.cCi.boul der.co.ug/environmental affairs/g
reen_points/gp_overview.html
Build a Better Kitsap Kitsap County HBA 1997 www.kitsaphba.com
Green Builder HBA of Central New Mexico 1997 http://www.hbacnm.com/green_builder/inde
x.html
Green Building MD National Capital Building 1998 301-445-5400
Industry Assoc.
Build a Better Clark Clark County (WA) HBA 1998 www.cchba.com/green.asp
Scottsdale’s Green Building | City of Scottsdale (AZ) 1998 www.ci.scottsdal e.az.us/greenbuilding
Earth Craft House Greater AtlantaHBA 1999 www.atlantahomebuilders.com
Green Built Home WI Environmental Initiative 1999 www.wi-&l.org/GBH/index.htm
Green Building City of San Jose (CA) 2000 Www.Ci.san-jose.ca.us/esd/gb-home.htm
Built Green Colorado HBA of Colorado 2000 303-421-4889
Built Green Master Builders Association of 2000 www.builtgreen.net
King & Snohomish Counties
Earth Advantage Homes Portland General Electric (OR) 2001 www.earthadvantage.com
Vermont Built Green Building for Social 2001 802-658-6060 ext. 1016
Responsibility
The Heart of AmericaGreen | Metropolitan Energy Center 2001 816-531-7283
Builder (Kansas City) www.kcgreen.org

Program under devel opment

Western North Carolina
Green Building Council

828-251-5888
www.main.nc.us’'wncghbc

Program under development

Southern Arizona Green
Building Alliance

520-624-6628

Program under devel opment

Florida Green Building

http://floridagreenbuilding.org

Codlition

Under development Alameda County (CA) ? 510-614-1699

Under development City of Chula (CA) ? 619-409-5870

Program under development | HBAs of Hudson Valley and ? 518-355-0055 (Schenectady)
Schenectady (NY) 914-562-002 (Hudson Valley)

Despite the number of programs these ratings have been negligibly used to date. Over
1,000,000 new homes are constructed annualy in the United States, but fewer than 100,000
ratings of any type are performed in the year for all these programs combined. One of the
barriers to wider use of ratingsisthe cost of ratings and the availability of raters. Thiscan bea
vicious circle: if ratings are expensive or hard to get, no one will request them; but if almost no
one requests ratings, then there is no business opportunity in becoming arater, and raters will be

unavailable.

Ratings are required as part of the newly adopted regional energy codes in the Russian
federation. But thereisalack of standards to assure uniformity in the ratings and to provide
recommended procedures for doing them, so compliance with this aspect of the code is lagging.

b. Commercial Buildings

Energy ratings for commercial buildings should, in theory, become important in the
marketplace. Thisis because estimates of property value, which are used for informing banks
about loan amounts, as well as helping to establish selling prices for buildings, are often based on

energy costs.
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For example, more than half of buildings are appraised by the “net operating income”
method, in which the value of a building is obtained by projecting the net operating income- that
is, the rental income for the building minus the cost of operation — and multiplying it by a capital
recovery factor, which typically has avalue of over 10 years. Energy is considered explicitly (in
theory) in evaluating operating costs. Thus, a building that saves $10.00/square meter in energy
costs compared to an aternative building is valued at more than $100/square meter higher than
the inefficient building.

But this theory does not work out in the real world because of alack of detailed energy
consumption figures. Instead of filling in an energy cost estimate specific to the building,
appraisers use regional averagesin calculating that aspect of operating income. All buildings are
treated asif they had the same energy efficiency. To correct some of these deficiencies, The
Institute for Market Transformation, a U.S.-based NGO, isworking with appraisers to establish
procedures for using building-specific figures for energy costs.>

C. Improving Building Labeling Systems

The most effective labels would provide two different types of calculations, following the
model used in the Russian regional codes as described next.

First, the label would provide an estimate of annual energy use, measured in units of
costs, and based on energy calculations using the design of the building. Thiswould provide a
uniform scale for rating efficiency without regard to the behaviora variations between buildings.
Thus, two buildings with a given rating would provide a prospective owner with the same level
of energy performance, whether that individual would prefer to heat their hometo 15°C in the
winter or 25°C. The cost target provides both away of comparing one building to another and a
way to verify that energy isreally being saved in asingle building — or to diagnose why energy is
being wasted and figure out what to do about it.

Asisinthe case in the Russian document, alist of the energy efficiency measures used to
meet the calculated energy level of efficiency should also be provided. Thislist isessentially
part of the input used to cal cul ate the design-based energy consumption. It isan important part
of the document because it can complement code enforcement efforts by providing a permanent
record of the types of measures that supposedly were installed to make the building energy-
efficient. 1f subsequent owners find that the performance of a given component falls short of the
level in this document, they can hold the builder responsible for the variance between claimed
and actual energy efficiency. Therisk of such litigation provides a powerful backstop to keep
the code compliance process honest.

Second, the labels should provide an estimate of actual consumption. This actual value
can be compared with the predicted value, which will provide several useful inputs for the
building owner or operator. The Energy Star program relies on estimates of actual energy
consumption over the course of ayear. Thisrequirement is obviously abarrier to the
participation of new buildingsin alabeling system. Thisimpediment is particularly severe

%0 See M. Chao, “Energy Costs and Valuation of Commercial Properties by Appraisers and Lenders,” 1998 ACEEE
Summer Study on Every Efficiency in Buildings, Washington, DC, ACEEE, 1998.
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because for large buildings, the full occupancy may not be achieved until several years after
construction.

The Russian Energy Passport also requires estimates of actual energy consumption. But,
perhaps due to the newness of the program, such estimates are not available yet. So thereisno
evidence to date as to whether the requirement for adding estimates of actual energy
consumption to compare with the projections is being implementable.

Actual energy consumption provides the best added value in making markets work for
energy efficiency by allowing comparisons, not just on an annual average basis but monthly,
between projected energy use and actual energy use. For example, if the actual energy useis
higher than predicted energy use for agiven level of intensity of usage and weather conditions,
then it isasign that something is not working correctly in the building. Perhaps an examination
of installed equipment compared to specified equipment will show that the original design intent
was not followed. Perhaps an evaluation will show that a piece of equipment is adjusted
improperly or is malfunctioning or isworn out. Perhaps controls were installed improperly or
not programmed correctly.

Indeed, examinations of month-by-month comparisons of projected and actual energy use
can often provide “signatures’ for specific types of malfunctions. Many of these malfunctions
can beidentified smply by the pattern of deviation between predicted and actual by month.

In some cases, the equipment needed to measure energy use can be integrated by the
building’ s energy management system to provide a very detailed comparison of projected and
actual energy use, which can determine whether the installed equipment and the program
controlled strategies are working in the field the way they were intended, and provide instant
feedback on how to correct them if they are not.

It a'so could be the case that actual energy useislower than predicted. In some cases,
thisis because thermal comfort or other elements of indoor environmental quality are not being
maintained at a sufficient level in the building. For example, reduced energy consumption might
be due to inadequate ventilation or lighting, or due to uncomfortable thermal conditionsin the
summer or the winter.

d. Appliance and Equipment Labels

In the U.S. and the European Union, energy performance labels are also required for
major appliances. Inthe U.S,, thisrequirement has been in existence since 1978. Labelsare
present on almost all major energy using equipment, but are mostly ignored by consumers.
Some studies have suggested that the U.S. labels are hard to understand by the consumer, who
often is confronting the label only once in ten or twenty years when their appliance breaks down
they need to purchase a new one.

Despite their relative ineffectiveness in influencing consumer markets, utilities operate
incentive programs for energy rated equipment and rely heavily on these ratings and labelsto
administer their programs.
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Equipment labels appear to be more effective in the European Union. The labels are
eas er to understand, rating products by letters of the alphabet from “A to C” interms of relative
efficiency. Perhaps the European market is more sympathetic to environmental claims than the
American market.

VIIl. Incentives

Energy efficiency markets are not generally well understood, and when they are
understood, this comprehension tends to be on atheoretical level rather than on apractical level.
Thus, it is hard to write an advance plan for “how to encourage energy efficiency” in a particular
city in aparticular type of building.

However, as a complement to energy codes, one of the most effective policiesin the
United States for encouraging increased efficiency in buildings is the use of financia incentives.
In incentive-based systems, projects that achieve defined levels of increased energy efficiency
arerewarded in some fashion. These rewards can be very broad in nature and provided over a
long period of time, or they can be very targeted and be in effect for only a short while.

The necessary level of efficiency can be defined prescriptively, such as the required use
of certain technologies, on a performance basis — for a subsystem, such as the watts per square
meter used for lighting in commercial buildings; or on a building-wide basis, such asa
percentage reduction from an energy code. Incentives can also be based on achieving the
performance set out in building and equipment labeling and rating systems.

Figure 4. Opportunitiesto Influence Design
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Design and construction of a building can take several years. Thus, akey question
involves when to target incentives. Asshown in Figure 4, the opportunities to influence the
energy efficiency and green attributes of a building decrease farther along in the project timeline.

Incentives targeted early in the process can result in large changes for relatively small
cost, but it has been extremely difficult to identify and reach projects at this stage of
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development. Conversely, it has been much easier to find projects that have already begun
construction, but it is much more difficult and expensive to alter their choices.

In addition, there are some trade-offs involved with how incentives are targeted. In
general, program evaluation has shown that targeting incentives to producers of energy efficient
products or designers of energy efficient buildings is more effective—more efficiency AND
lower cost. However, producer-targeted programs are much less visible and less popular
programs than incentive programs that target consumers. If policy makers want to make abig
splash and public gesture that they are saving energy, then they could offer a consumer-oriented
program that is supplemented or complemented by a behind-the-scenes producer-oriented
program. Producer-oriented programs tend to be longer-term, while consumer-oriented
programs tend to be shorter-term, in part because of the cost of maintaining the short-term
programs.

A Long-Term Incentives

Many of the important decisions affecting energy efficiency such as the orientation in
massing of the building, its ability to use solar energy for natural daylighting or for passive solar
heating, its ability to shade itself from excessive solar heat gains, the integrated design of heating,
ventilation and air conditioning HVAC systems and the insulation used in the building envel ope,
are made early in the design process. The actual energy savings of these choices will not be
realized until the building is finished, which is often severa years later.

Unless incentives are assured to available in the future, structural efficiency measures
will not be encouraged by economic incentives. In order to affect these long-term design
processes, and in particular to allow better integration of the architectural design processes of the
building and the various engineering design processes, long-term incentives are needed. In the
U.S, at least, about the only way to provide such long-term assuredness for incentives is through
the tax system.

For example, if abuilding is being designed in 2002 with expected occupancy in 2005, an
architect that is designing a system for greatly reduced heating and cooling loads would need to
spend extramoney, time and effort on the design. They would not likely be able to do so unless
they had some assurance that an incentive would be available in 2005 when the building is
completed.>

The method that is being discussed in the U.S. Congress currently isto provide incentives
at afixed level of money (per dwelling unit or per square meter of occupied floor area) for a
mid-term length of time, such assix years. In S.207, a bill which has been used as basis for both
Republican and Democratic energy legislation (H.R. 4 and S. 517), the amount of incentive
provided is approximately 25%-35% of the estimated costs of energy efficiency measures, based
on conservatively high cost projections.

* Paying an incentive for the architectural aspect in 2002 would not work because the actual energy savings will not
be known until the rest of the building systems are designed and specified. For example, an envelope designed for
dayligting would waste energy rather than saving if the electric lighting system is later designed to be the same asiit
would have been for a non-daylit space.
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Several states are considering using the LEED rating system as the basis for providing tax
incentives.>* The proposals would offer an incentive equal to 4% of the building’ s construction
cost as an incentive for achieving the LEED Certified level, up to a 7% credit for a Platinum
achievement. New Y ork State has an interesting way of incentivizing broader participation in
green construction. Their tax law offers a 5% credit for the main structure of the building, but
7% if the tenants al participate.

If incentives are going to be frozen for a modestly long period of time, they should
demand very high levels of performance that are uncommon or unknown in construction. If the
incentives are based on levelsthat are currently being achieved by even a modest number of
buildings, then the cost of the incentives will be relatively high dueto “free ridership”. In
addition, it is quite possible that nearly 100% of the market will jump to the incentivized level of
efficiency, which could become quite costly.®® In this case, it may be more cost-effective to
incorporate this level of efficiency into the building code.

But if the levels of efficiency demanded are high enough, then even a 100% participation
rate in the incentive will be good public policy because it will cause such alarge changein the
markets for energy-efficient designs and equipment that maintaining these levels should be
sustainable after the tax incentive is phased out.

Whileit isimportant to establish incentives that will be fixed for amoderately long
period of time, the incentives should not go on in perpetuity. Periodic evaluation of the
successes and failures of the program is needed to offer possible mid-term corrections. Perhaps
the tax incentive program encourages the use of |abels or ratings to such an extent that the
market will continue to provide high levels of energy efficiency even without the economic
incentives. Perhaps the market will provide these results up to a certain level of efficiency, but
further incentives will be needed for even higher levelsin the future. Perhaps unforeseen
problems or advantages will arise which should be considered in developing energy efficiency
policy in the future.

Another key characteristic necessary for long-term incentivesis that procedures for
demonstrating compliance must be ssmple, but accurate. They can be based on the procedures
used for demonstrating performance-based compliance with energy codes, with a slight
modifications to account for energy efficiency measures that policy-makers might want to credit
in terms of achieving additional energy savings but not credit in terms of making trade-offs
against other minimum measures with the code.

%2 This structure is being proposed in legislation under development in Maryland, Massachusetts and Pennsylvania.
%3 A 100% market share for only modest efficiency gains suggests a second problem: perhaps the cost of building in
the extra efficiency is much less than expected. If the incentive level exceeds the incremental cost of efficiency, it
could actually hold back further gains in efficiency by reducing cost competition between different technologies.

** An exampleis: indirect evaporative cooling as areplacement for vapor compression cycle air conditioning to
provide credit for indirect evaporative cooling in a code compliance program would be self-defeating. The energy
saved by the more efficient cooling system would be used to justify the larger cooling loads—perhaps so large that
the evaporative cooling system would no longer work effectively. But, if the cooling loads are already minimized to
comply with the basic code, indirect evaporative cooling systems ought to be available for incentives for going
beyond the code.
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Tax incentives or long-term incentive programs should automatically generate labels and
ratings that are designed to be useful in the marketplace. The types of documentation needed to
establish compliance with the tax or administration authorities should also be useable, with
minor adaptation, to meet the needs of the marketplace in crediting energy efficiency.

Non-monetary long-term incentives can also be put in place. Examples of such
incentives currently used in the United States allow increased development density for projects
incorporating the LEED Rating System. Other incentives used to spur early code compliance
provided expedited construction permitting and project review.

B. Short-Term Managed Incentive Programs

Short-term, actively managed programs can have a number of advantages where the
ability to adjust to unforeseen conditionsis particularly important, such as in markets where
incentives or efficiency codes have not been widely used.

Generally, electric utility companies or state energy conservation offices have been the
principa sponsors of short-term managed incentive programs in the U.S. Often these programs
are offshoots of apolicy that emphasizes energy conservation as a means to meet society’s
growing energy needs at alower cost than the development of new energy supplies. With proper
regulatory incentives, energy efficiency programs can be more profitable for utilities than
purchasing power or building new generating facilities.

Utility incentive programs are considered “short term” when they are created with one-
year budgets and renewal for the succeeding year is not assured. These programs are actively
managed by the utility and can be changed to adapt to the observed conditions if the market is
responding to the program differently than expected. These programs are most effective when
they are administered in a flexible manner: operate the program based on an initial design,
observe the results, and make changes as appropriate, given the market response.

Sometimes experience will determine that additional technical information or assistance
isneeded. Perhapsthe incentive levels are too high or too low. This can be determined by
market research and other analysis provided by the utility, by the program administrator, by state
officials, or universities, as appropriate. The resulting adjustments to the program can be
relatively simple or profound. If aprogram isfound to be failing because of the lack of supplies,
the utility can attempt to contact suppliers and provide encouragement for them to offer the
product locally. To the extent that the regional market may be too small to interest suppliers,
programs can be coordinated across regional boundaries to provide sufficient market power that
it is of interest to manufacturers.™

% On the west coast of America, changesin window requirements encouraged a changeover from aluminum-framed
windows, which waste energy because of aluminum'’s high thermal conductivity, to vinyl-framed and wood-framed
windows. But these changes were facilitated by the availability of incentives. In both California and the Pacific
Northwest, active utility intervention in building markets that was explicitly aimed at facilitating code changes
achieved its desired resullt.
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The higher success rate of the flexible approach has been the experience of U.S. utility-
sponsored programs. They have been extremely effective at encouraging changesin the “last-to-
be-built” components of the building, such as lighting systems, and can produce some relatively
modest improvements in the HVAC system. Again, thisisillustrated by the right-hand side of
Figure 4. But they have been less successful in encouraging innovative HVAC system designs
for the total system and they will have very little impact at al in encouraging architectural
changes unless specifically targeted in the context of going beyond code requirements — the
processes of the left side of Figure 4.

1 Technology-Based Incentives

Technology based programs are simpler to administer and evaluate than integrated, whole
building programs. They can also produce very large energy savings quickly if comprehensively
implemented. They are applicable to new construction and existing buildings in both the
residential and commercial sectors. These programs risk failure through “ cream-skimming”
because by targeting the easiest energy savings, they can foreclose the option of installing the
even larger, though more difficult to capture, energy savings that result from a more
comprehensive approach.

2. Compact Fluorescent Lamps

The success of compact fluorescent lamps (CFLS) in penetrating the U.S. market is
attributed to several factors, including utility incentives, especially among residential consumers.
According to the Electric Power Research Institute, utility incentives were estimated to be
involved in half of integral CFL salesin 1991. However, in the commercia sector, utility
incentives are less pervasive, since there is agreater economic incentive to purchase CFLs
because of the high usage levels and the maintenance cost savings from having to change the
bulbs much less often.

3. Windows

In California, utilitiesintervened to speed the introduction of low U-value windows.
They did this not only by providing incentives for the thermally improved windows, but also by
funding the creation of awindow-testing infrastructure. The test procedures for labeling
windows required computer simulation and then physical testing of a sample of windows. But
when the program was being developed, there were no laboratoriesin California certified as
being qualified to do the testing. The utilities helped create this testing infrastructure, whichin
turn led to the availability of labeled windows that could be used for code compliance.

4. Lighting

For non-residentia buildings, utilities achieved dramatic successes in the mid-1990sin
incentivizing the use of new lighting technol ogies that allowed lower power densities in non-
residential buildings. The 1992 codein Californiarequired lessthan 17 watts per square meter
of connected lighted power. But, due to utility incentives, alarge number of buildings were
constructed with power densitiesin the range of 10-12 watts per square meter. This allowed the
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Cadlifornia Energy Commission in 1998 to adopt a reduction in the maximum power standard to
13 watts per square meter with no opposition from the lighting or building industries.>®

5. Whole-Building Incentive Programs

Many of the most successful utility programsin the U.S. have achieved their success
through active management. One of the best examplesis the Californianew construction
program operated by Pacific Gas & Electric Company, which modified its program design
sufficiently that by the mid-1990’s, it was achieving well over 50% market share of participation
in its new construction program.

Super Good Cents (SGC) was a voluntary regional program initiated by the Bonneville
Power Administration (BPA) to encourage early adoption of the ambitious new Model
Conservation Standards (MCS) in the Pacific Northwest of the United States. At first, this
program encouraged builder familiarity with higher levels of efficiency and created markets for
new building supplies. Later, utilities agreed to pay for compliance with the codes even after it
was required for aperiod of 18 months. This offer to ease the pain of transition for builders was
instrumental in achieving credibility and widespread compliance with the codes.

In 1992, Seattle City Light implemented the SGC conservation program in the
multifamily sector because of very high construction rates. Seattle then used its experience with
the SGC program to develop new specifications and terms for a replacement program. The Built
Smart program for energy and resource efficiency in multifamily new construction projects
began operation in spring 1997.

Seattle' s evaluation of SGC found that the program provided significant benefits: tenant
energy savings of over 17 kWh/m2 and annual energy savings to the owner from common-area
lighting of 16 kWh/m2. Energy bill savings for program participants with buildings completed
in 1993-94 amounted to $75 per unit for tenants and $50 per unit for building owners.>’

Despite this success, the evaluation recommended that SGC could by improved
by devel oping ways to underscore the value of improved energy efficiency in
participating building through follow-on services.™

C. Industry Collaboratives

The Super Efficient Refrigerator Program (SERP), also known as the “ Golden Carrot”
Program was the result of a broad-based partnership between NRDC and other NGOs, the
Federal Government and electric utility companies. The“Golden Carrot” program coordinated

% J.A. Johnson, “Transforming Markets in California: Ratepayer Funded Codes and Standards Successes,” by New
Buildings Institute for PG& E, October 2001.

> Marc Schuldt et al., A Tale of Two Cities: Boosting Energy Efficiency in Multifamily New Construction, presented
at 1997 Energy Evauation Conference, Chicago, IL, August 27-29, 1997, at 550.

%8 |d. Follow-on service would provide building owners and tenants with ongoing information about energy bills and
saving. Assistance with operations and maintenance could ensure that the proper lams are replacesin high-
efficiency lighting fixtures. Follow-on services also serve the utility, but supporting the persistence of impacts and
reinforcing consumer demand, along with the opportunity to provide non-energy customer services.
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utility incentives to stimulate the development and commercialization of advanced technologies
and superior efficiency levels. Thefirst “Golden Carrot” program was a competition among
manufacturers of refrigerators that resulted in the design and production of refrigerators that
were 30-40 percent more efficient than the 1992 standard for comparable sized conventional

units.

The SERP product became the design basis for the 2001 DOE national refrigerator
standard, which is now in effect. Interestingly, for the first timein history, U.S. manufacturers
agreed to accept a standard at the 2001 level. Previously, they had opposed all proposed energy
efficiency standards. The result was a four-fold improvement in energy efficiency between the
mid 70s and 2001, which came in the face of continually increasing size and features and

declining price (in inflation-adjusted dollars).

Similar approaches are being used for products such as high-efficiency gas and
geothermal heat pumps in the DOE's Technology Introduction Partnerships.® The success of
the “Golden Carrot” program strengthened efficiency standards and the existence of promising
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advance technologies. This program allowed
rewarded manufacturersin producing
refrigerators with higher efficiency standard than
required.

The Consortium for Energy Efficiency
(CEE), isanational, non-profit public benefits
corporation that promotes the manufacture and
purchase of energy-efficient products and services.
CEE’sgoa isto induce lasting structural and
behavioral changesin the marketplace, resulting
in the increased adoption of energy-efficient
technologies.*

CEE members include utilities, statewide

and regional market transformation administrators, environmental groups, research organizations
and state energy offices. Also contributing to the collaborative process are CEE partners -
manufacturers, retailers and government agencies. The U.S. Department of Energy and
Environmental Protection Agency both provide major support, through active participation as

well asfunding.

D. Procurement Programs

Procurement programs involve large purchasers setting internal standards for the goods

and services they obtain in the market. These standards can be based on alabel or rating system,

% Sustainable Energy Strategy: Clean and Secure Energy for a Competitive Economy, National Energy Policy Plan
pursuant to Section 801 of the DOE Organization Act, 30 (July 1995). [Hereinafter National Plan].

% |n the United States' restructured utility market, some states are continuing with utility administration of energy-
efficiency programs; other states are designating public agencies for thiswork. CEE serves the needs of both,
providing aforum for the exchange of information and ideas. See <http://www.ceel.org>.
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such as LEED or Energy Star, or they can be based on a certain benchmark, such as percentage
of recycled content or renewable energy purchased or exceeding miles per gallon regulations by
acertain amount. Government entities, large corporations and even electric utility companies
tend to be the major participants in procurement programs.

In addition to the market transformation role government playsin setting standards,
government can also help transform the market as a major consumer of goods and services. For
example, Presidential Executive Orders 12873 and 13101 almost single-handedly established the
market for recycled paper, by requiring that all paper used by the government contain a
minimum of 20% then 30% recycled fiber.*

Similarly, at least six Federal Executive Orders® governing energy efficiency in federal
buildings, transportation fleets and other energy and environmental aspects of the government
operations. State and local governments likewise are significant market drivers. About 30% of
the LEED projects are some type of government building. The architects, engineers,
construction companies and product manufacturers involved with these projects all carry the
experience of working on an energy and environmentally efficient building into other projects,
thus producing a significant “free driver” effect.”® While procurement has not been used as
heavily as direct consumer or manufacturer incentivesin the United States, it has played a
significant role in a few market transformation programs.

One of the earliest and most noteworthy of such programsis ENERGY STAR computers.
In one of thefirst uses of the normative label “ENERGY STAR,” the U.S. Environmental
Protection Agency established a specification for energy efficiency computersin the early 1990’s.
A key step towards making this program successful was a U.S. government procurement
decision to buy exclusively computers that met the ENERGY STAR level shortly after it was
introduced. This encouraged manufacturers to design to the ENERGY STAR specification.
Once they had done so, it was easier to sell al of their products at the complying level than to
maintain separate product lines for atrivial differencein cost. This program was quite successful,
with the overwhelming majority of computers complying with the specification.

SERP could also be considered a procurement program. SERP was a consortium of
utilities that offered a $30 million competition for manufacturers to produce the most energy
efficiency and environmentally clean refrigerator that they could; based on program designs put
together by the U.S. EPA, the Washington State Energy Office, and NRDC, with strong
participation from the American Council for an Energy Efficient Economy, the utilities designed
the equivalent of a competitive procurement of some 200,000 refrigerators. The entire contract
would go to the single refrigerator manufacturer that offered to sell the most cost-effective
“green” refrigerators — the ones that saved the most energy for the least amount of payment per
unit. SERP received 14 bids, selected two finalists, and offered the contract to one winning
refrigerator company. This program led the way to the 2001 DOE energy efficiency standard

6! See<http://www.epa.gov/cpg/paprman.htms>.

62 Executive Order 13150; Executive Order 13149; Executive order 13148; Executive Order 13134; Executive Order
13123; Executive Order 13101. Thetext of these rules may be found at
<http://www.ofee.gov/greening/greening.htm>.

8 The free driver effect refers to the impact of a program or project beyond its immediate scope.
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and to the existence of ENERGY STAR rated models that save 10%-15% more than required by
that standard in the year 2001.

There are limits to the effectiveness of procurement programs in the absence of broader
market-based and regulatory tools, especially if present alternatives are perceived as preferable.
The purchase of aternative fueled vehiclesin government fleets, for example, had little impact
on overal market penetration of this technology beyond the vehicles purchased by the
government. There can be many reasons for thisfailure: lack of market acceptance, inferior
performance, inconvenience, non-competitive price, etc. For thisreason, it tends to be preferable
to specify acertain level of performance and allow the interplay of consumers and producers find
the best solution.

E. Education/Information/ Training Programs

Education/Information/Training (EIT) programs are necessary, but not sufficient
components to any market transformation strategy. Education programs are distinguished from
training programs in that they are focused on students preparing to become practitioners, while
the training tends to focus on professional development. Information programs have two
principal targets. (1) information and analysis about energy trends in consumption, production
and price are targeted to policy makers and advocates, (2) consumers, either asindividuals or
procurement agents for larger entities are provided information about energy in general and
specific to certain technologies. Too often the expectations of EIT programs are set either too
high, or too low.

When the expectations are set too high, EIT isused asalower cost substitute for more
substantial programs that put actual technology in the hands of users. The assumption is that
with a certain kind of knowledge, market participants will act a certain way. This assumption
fliesin the face of reality, which isthat the lack of EIT isonly one of the barriers to increased
penetration of ideas or technology.

When expectations are set too low, EIT is avoided atogether and people misapply good
technology or ideas or pursue unrealistic or ineffectual policies. Then because they don’t work
properly, otherwise good building design ideas or technologies are abandoned or underused.

1. Energy Efficiency Demonstration Centers

One particular kind of targeted education, the efficiency demonstration center, appears to
be quite effective at influencing the markets towards greater energy efficiency. Such centers
target commercial sector users. Some examples include—

* The Seattle Lighting Design Laboratory

» The Pacific Gas and Electric Energy Center

* The Southern California Edison Customer Technology Application Center
* The Southern California Gas Company’ s Energy Resource Center
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These centers provide hands-on educational and demonstration materials concerning
equipment and design practices for increased energy efficiency, provide lectures and reading
materials to promote efficiency, conduct user-oriented demonstrations of energy efficiency,
including in some cases mock-ups of user lighting designs. In some cases they provide direct
consulting services (although not explicitly building design) and alibrary of materials.

Two evaluation studies have recently been issued concerning these centers, both of which
find significant positive market response:

« The PG&E Energy Center Market Effects Study® concluded “the [Energy Center] is
responsible for significant changes in relevant market-related behaviors. Substantial
portions of relative decision makers responded to surveys that they were specifying more
efficient equipment and that this change was due entirely or in part to the Energy
Center’sinfluence. Eighty percent of respondents said that the changes [in their
behaviors] had influenced at least one commercial building. More than 20% said that the
changes in behavior had influenced 21 or more buildings. An even higher percentage
(32%) said they felt the change would influence 21 or more buildings over the next two
years.”

« The CTAC study® concluded, “CTAC’ s market intervention strategies appear to be
linked to areduction in barriers to market effects [originally hypothesized.]” This study
places arelatively greater emphasis on identifying market barriers and evaluating the
extent to which these barriers were overcome.®® Based on customer interviews study
concluded that “nearly all [respondents] agreed that awareness had significantly increased
and...[m]any felt strongly that increases in demand have been observed for energy
efficient lighting equipment...[and that] some HVAC manufacturers...report that sales of
energy efficient HVAC equipment have been positively influenced by utility programs.”

2. Education Program Examples

Most State Energy Offices have Energy Extension Programs that provide consumer
information for distribution to retailers, schools, libraries and other information outlets. For
many years, these programs were supported by special government funds established when it
was found that oil producers had been price-gouging consumers. Currently, these programs are
co-funded between the federal and state government budgets.

a. Texas Energy Education Development (TEED)

TEED is anon-profit organization, and is the Texas Affiliate of the National Energy
Education Development (NEED) program. TEED is unique among curriculum-related programs
because it combines a“hands-on” out-of-classroom series of activities and projects with a

6 John H. Reed and Nicholas P. Hall, PG& E Energy Center Market Effects Study, Arlington, VA: TecMRKT
Works, May 1998, at vii.

6 CTAC Market Effects Study, Volume 1 Final Report, prepared by Hagler Bailly Inc., San Francisco, for Southern
California Edison.

% The key barriersit analyzed were: Information Costs; Performance Uncertainty; Information Asymmetry; and
Bounded Rationality.
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comprehensive classroom curriculum suited for use in science, math, social studies, language

arts and special education. Utilizing a“Kids Teaching Kids’ philosophy, schools (K-12) teach
themselves, their fellow students, and the community about energy resource issues and energy
conservation. The school projects are submitted annually to the Texas Association of Student

Council and are eligible for state and national awards.

Highlights of the TEED program:

1. An Energy Kit of resource material for energy conservation projects and

activities

Community Weatherization Project for Low-Income Housing

Awards program in conjunction with the Texas Association of Student

Councils

4. Annual Summer Energy Camp for high school students

5. READ with TEED Curriculum Book aligning energy materials with all
disciplinesin the classroom

6. Governor’s Proclamation/visit to the Capitol to declare March as “Texas
Energy Education Development” Month

7. TEED Scholarship Program

W

b. Policy Information Program Examples

As noted above, information programs can have two primary focuses: decision
makers and consumers. For example, the New Y ork State Energy Research and
Development Authority®” (NY SERDA) provides general energy statistics and data on
energy consumption, supply sources, and price and expenditure information for New
Y ork State and a comprehensive set of New Y ork state-specific energy statistics. In
addition, the Energy Analysis Program focuses on using energy, regulatory, and
environmental policiesto help New Y ork State businesses grow and to meet the needs of
New Y ork State's energy consumers. Energy Analysis Program staff analyze important
energy issues, publish comprehensive statistics and data, and respond to energy supply
disruptions or shortfalls. Staff are viewed as a source of objective information about all
aspects of New Y ork's energy picture.

In addition to providing timely and relevant analytical information, NY SERDA
Energy Analysis staff study current energy issues to assess energy requirements and
available suppliesto determine their effect on the State's economic and environmental
well-being. For example, Energy Analysis staff participated in a national policy dialogue
in cooperation with the Center for Clean Air Policy, utilities, state agencies, and public
interest groups from across the U.S. to determine the effects that restructuring the electric
industry could have on air quality, e ectric system operations, and consumer costs.

7 NY SERDA, a public benefit corporation, provides energy-related technical and financial packaging assistance to
businesses and ingtitutions to promote energy efficiency and economic development. NY SERDA sponsors energy
research and devel opment programs that promote safe and economical energy production and efficiency
technologiesin New York State, issues tax-exempt bonds and notes for energy-related projects, and analyzes the
effect of New York’s energy, regulatory, and environmental policies on the State’ s business, institutional, and
residential energy consumers.
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C. Energy Audit Information Programs

Energy audits are another kind of information that can be provided by government
entities to consumers, in this case building owners. Generally, audits are conducted on a
cost-share or free-of-charge basis. This analysis providesinsight to the most cost-
effective and feasible ways to save energy. The results of thiskind of analysis can also
be very useful to policy makers.

For example, when evaluating the impact of energy efficiency measureson a
commercial building in Beijing, the analysis showed that energy consumption for heating
was extremely small, while energy consumption for lighting and cooling was extremely
large. Up to this point, it was believed that heating was the dominant energy factor in
commercia buildings and early attempts to develop a commercial building energy code
had focused on measures to reduce heating energy consumption. In the absence of this
new information, a significant public policy opportunity could have been missed.

The California Bright Schools (CBS) Program helps schools with upgrading to
energy efficient equipment. CBS provides information and evaluates the work needed.
The California Energy Commission, California Conservation Corps, the local utility
company and other qualified energy service companies (ESCOs) have teamed up to guide
schools through the steps of an energy upgrade project:

* Identifying and determining a project’ s feasibility;
« Securing financing for the project; and
* Purchasing and installing the new energy efficient equipment.

The Schools receive the following benefits from the program:

* Improved classroom comfort for a better learning environment

* Energy cost saving accrue year after year to use for other school needs

* Free energy audits and energy usage consultation;

* Integrated package of project planning and management services

» Assistance in securing best financing options

* New school design review assistance

* Bulk pricing on energy-efficient lighting equipment purchases through the
state’ s Office of Procurement

* Procurement assi stance on sel ected equipment purchases

* Low cost installation by trained professionals

School districts through this program received more than $150,000 in utility
energy efficiency rebates and more than $115,000 through energy efficient projects each
year.

VIII. Applying the Toolsof Market Transformation to Specific Markets
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To transform the Chinese building market for energy efficiency, policy makers will need
to apply the various tools discussed above to the various markets described in Table 1. Although
China' s construction industry is much more L ost Opportunities: It Paysto Build it Right
centralized than that of the United States, Chinese | theFirst Time
building markets are still essentialy local in
nature asisthe casein the U.S. These measures
will need to be adapted locally to achieve full
penetration of the Market.

Energy Efficiency is easiest and least costly to
build into new constructions. Once a building
has been constructed, it is more expensive and
sometimes even infeasible to meet comparable
levels of energy efficiency. Design mistakes can
Table 5 lists the most successful tools that last the life of abuilding, so it isimportant to get
have been used to improve energy efficiency in it right the first time.
the different building markets. This Table
distinguishes appliance and equipment markets from the buildings markets because the policy
and programmatic measures used to improve efficiency can be applied independently, although
greater results can be obtained through the synergy of a combined approach.

Below we will evaluate each of the tools as they apply to (1) New Residential, (2) New
Commercial, (3) Existing Residentia, (4) Existing Commercial and (5) Appliances and
Equipment.

Table 5: Tools of Market Transformation Applied to the Building Sector

Buildings Commercial Residential
New Building Codes Building Codes
Incentives Incentives
Labeling Labeling
ETI ETI
Existing Standards Standards
Incentives Incentives
Labeling ETI
ETI
Appliances & Equipment Standards (mandatory within codes; voluntary)
Incentives
Industry Collaboratives
Labeling
Procurement Programs

A New Residential Buildings

Residential buildings account for 21% of U.S. energy consumption.®® In China, this
sector consumes approximately 13% of the nation’s total energy.*® Nearly 400 million square
meters of residential construction are on going in Chinaat any one time.”

%8 Energy Information Administration, Annual Energy Review 2000, at 38. [Hereinafter AER2000].
%9 | awrence Berkeley National Laboratory, China Energy Data Book v.5.0, May 2001.
70 See <http://www.chinavista.com/business/cnedc>.
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Figure 5: Super Good Cents: Standards and Label Incentives and EIT=Code

| Super Goad Cents Labe |
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Figure 5 illustrates how the Super Good Cents program successfully used incentives and
training to ensure rapid adoption and widespread compliance with anew energy code. The
Energy Star label identifies homes that are 30% more efficient than the IECC. The Energy Star
program has rated approximately 40,000 homes since itsinception in 2000.”* The interplay
between the different market transformation toolsis shown in Figures 6 and 7.

Figure 6: Energy Star Homes: Code and Label = Beyond Energy Savings

I *
Energy Star Purchase of
label homes 25%
beyond |IECC
[ECC
B. New Commercial Buildings

Commercial buildings account for approximately 17% of U.S. energy consumption.” In

China, thisfigure is approximately 9% of total consumption, but is forecast to grow rapidly with
China s accession to the WTO.

For the commercia sector in the U.S., the New Buildings I nstitute estimates that savings
this year exceed $775 million per year, or 1% of the commercial sector’s entire utility bill. This
isal the more remarkable of an achievement because the typical codesin usein the United
States are not very stringent in their energy efficiency requirements.

! See <http://yosemitel.epa.gov/estar/homebuyers.nsf/content/ NEWSWhatsNewSnapshot.htm>.
2 AER2000 at 38.
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For the commercia sector in the U.S., the New Buildings Institute estimates that savings
this year exceed $775 million per year, or 1% of the commercial sector’s entire utility bill. This
isal the more remarkable of an achievement because the typical codesin usein the United
States are not very stringent in their energy efficiency regquirements.

Figure 7: Existing Residential

Fublic RECO
participation 4 mandatory
standard
Training
workshops for
builders &
inspectors

Figure 7 isafrequency distribution of building energy use compared to the energy code
in Californiain the mid-1990s.”® It illustrates, for four different building types, what percentage
of buildings consumed a given level of energy compared to the energy code. The scale on the
“X —axis’ of 1.0 indicates a code-compliant building. Energy ratios of, for example, 1.3,

indicate 30% more energy consumption than would be allowed by code; an energy ratio of 0.7
indicates 30% savings.

Figure 8: Distribution of Building Energy Use Compared to Code: California 1990s
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3 Eley & Associates, Architectural Energy Corp., California 2001 vs. ASHRAE 1999: Comparison of
ASHRAE/IESNA Standard 90.1-1999 and the 2001 California Nonresidential Energy Efficiency Sandard, Prepared
for the California Energy Commissions, August 2, 2001.
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This graph was prepared from data collected in Californiain the mid-1990s, when there
was an active program of energy code outreach and enforcement along with utility-based
incentives. Asshown in Figure 8, the result is entirely consistent with the theories discussed in
this paper.

The first noteworthy result observed from the graph is the sharp cutoff of buildings with
energy ratios above 1.0. With the slight exception of schools, where enforcement of the energy
code is not fully mandatory, we can see that the overwhelming majority of buildings comply
with the code. Even those that fail to comply are typically only afew percent out of compliance.
This shows good code enforcement. Good enforcement has been complemented by extensive
training and education programs promoted by the California Energy Commission.

Figure 9: Interplay of CaliforniaBuilding Code with Market M echanisms
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The second noteworthy observation from the graph is the broad plateau between code
compliance (an energy ratio of 1.0) and 40% savings (an energy ratio of 0.6). Most buildings do
not merely comply minimally with the code, but save 10% or 20% or 30%, or even 40% beyond
the code. Thisis consistent with the widespread use of short-term incentives and education and
outreach programs during the mid-1990s by California utilities.

A third observation from the graph is the sharp drop-off of buildings at energy ratios of .5
or lower (equivaent to 50% or better energy savings). Thisis not unexpected given the absence
of long-term incentives. Indeed, the regulatory environment for utilities was so volatile at this
point in history that the utilities were not in a position to make even informal commitments about
the availability of the incentives two or three yearsin the future.

Figure 10: Code and EIT and Incentives = Beyond Code Energy Savings
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The paucity of buildings saving 50% or more is not an indication of the technical limits
on energy efficiency, however. NRDC designed new buildings for our own occupancy in the
late 1980s and mid-1990s, relying only on technologies and designs that were available in the
marketplace and had afinancial rate of return higher than NRDC'’ s cost of borrowing money for
construction. Our buildings saved between 70% and 80% compared to the code, clearly
demonstrating that the limiting factor on large energy savingsis not technological or economic.

C. Existing Residential buildings

Thisisone of the toughest markets to penetrate comprehensively because they are very
diffuse, essentially comprised of millions of households. Magjor architectural elements are
difficult and expensiveto retrofit, particularly in a multifamily market. The largest and most
easily captured potential to reduce residential energy consumption resides in new appliance and
equipment mandatory standards, as described below. Incentive programs do work for existing
households but are expensive and complex to administer.

The U.S. Department of Energy’s (DOE’s) Rebuild America Program facilitates
voluntary community partnerships in improving their buildings through energy efficiency. When
communities, businesses, and housing agencies form Rebuild America partnerships, they tailor
their programs to local needs and choose which buildings to renovate, how much energy to save,
and the best technologies to use. Rebuild America lets partnerships select the best waysto
improve their communities. Rebuild America supports partnerships with technical and business
experts, resource materials, and a national network of peers who are working on the same issues
and developing innovative solutions.™

Rebuild America focuses on six different market sectors: colleges and universities,
kindergarten through twelfth-grade schools, state governments, local governments, commercial
buildings, and housing. Each of these sectors represents a particular customer group that has
similar or related characteristics, has common needs, and responds to the same motivation.

An example of a Rebuild America program implementation is the Knox Housing
Partnership, Inc. (KHP) isaprivate, charitable corporation facilitating affordable housing for
low-income residents of Knoxville and Knox County, Tennessee. KHP teamed with Knoxville's
Housing Development Corporation (KHDC) to undertake a joint housing revitalization project
involving 146 single-family detached homes that will revitalize two inner-city neighborhoods.
The goal of the $6.8 million project isto bring renters into home ownership by providing a pool
of quality, affordable housing and assisting families in obtaining below-market rate financing.
More than two-thirds of the revitalized homes are being sold to the existing renters or other low-
income buyers. The remainder of the houses are being made available for continued rental to
current clients to avoid displacing those who cannot afford to or do not wish to move into home
ownership. The results of this program are shown in Table 6, below.”

" Mark P. Ternes, Oak Ridge National Laboratory, Jim Cavaio, Argonne National Laboratory, Cara Applegate,
D&R International, LTD, “ Successes from Rebuild America’ s Housing Partnerships.” 2000 ACEEE Summer Study
on Energy Efficiency in Buildings, Washington, DC, ACEEE, 2000 at 2.299.

*1d. At 2.307



Table 6. Monthly Housing Costs Before and After KHP Rehabilitations

Befor e rehabilitation After rehabilitation
Rent/mortgage $260-325 $270- 430
Energy costs $100 $66
Total housing costs $360-425 $336-496

Some communities have developed mandatory programs for improving the energy
efficiency of existing residential buildings. In 1981, the California city of San Francisco adopted
the Residential Energy Conservation Program (RECO), a prescriptive code designed to improve
the energy efficiency of existing housing. RECO has reduced the amount of energy the average
home uses in San Francisco by more than 15%, without any cost to the city treasury.”

RECO has proven to be simple to understand and easy and inexpensive to enforce. RECO
requires such energy-saving measures as adding insulation; caulking and weather-stripping doors,
windows, and other openings in the building shell; insulating hot water heaters and pipes,
installing low-flow faucets and shower heads; installing low-flush toilets or flush reducers on
existing toilets; and insulating heating ducts. Once RECO is triggered, homeowners or landlords
must hire a private contractor to install the prescribed energy efficiency measures or do it
themselves. A compliance inspection is then required to assure the work was compl eted.

Several events can trigger the need for compliance with RECO, including the sale of a
building; metering conversions (changing from a master to individual meters, for example);
improvements greater than $20,000 for single and two-family homes, $6,000 per unit for
buildings with three or more units, or $1,000 per unit for residential hotels, condominium
conversion; or a complete building inspection (for adding or combining units, for instance). To
give the ordinance teeth, an Order of Abatement can prevent the transfer of property unless the
owner complies with RECO.

In spite of initial sharp opposition from the real estate community, the ordinanceis now a
routine part of doing business in San Francisco. Acceptance was helped aong by extensive
publicity, an informed public, involvement of the private sector from the beginning and training
workshops for both city and private inspectors. The simplicity and cost-effectiveness of the
measures required for compliance also play apart in RECO's success.”’

D. Existing Commercial Buildings

RECO has a commercial building counterpart aptly named CECO. RECO established the
political and administrative basis for CECO, which took effect in July 1989. The story of San
Francisco's Commercial Conservation Ordinance (CECO) illustrates the complexities of
designing energy standards for use in a competitive commercial real estate market.

"® Department of Energy, Tomorrow’s Energy Today for Cities and Counties: Commercial Energy Codes Lay
I;oundation for Saving Money 3 (February 1995). [Hereinafter, Commercial Codes]
Id.
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Cadlifornia mandates energy efficiency standards for all new buildings, but doeslittle to
improve the performance of buildings already built. Support was strong in San Francisco to find
ways to conserve energy, but trandlating energy efficiency policy into a workable ordinance
presented some challenges. Commercial codes are more complicated than residential ones and
the city is examining the commercia ordinance to simplify its requirements and streamline its
enforcement.

Presently, the events that can trigger CECO review and enforcement include the transfer
of abuilding'stitle, an addition to a building that increases the heated space by more than 10%,
and renovation and improvements valued at more than $50,000. After atrigger event, CECO
review isrequired. A private inspector conducts an inspection for afee and identifies the areas
of the building that do not comply with the ordinance. The building owner must then implement
prescribed energy efficiency measures up to a simple payback of 4 years.

Small Business Standard Performance Contract Program: The SBSPC is a statewide
incentive program in which third-party (i.e., non-end user) project sponsors are paid for
measured, verified savings, based on afixed schedule. End users cannot self-sponsor projects. A
minimum savings of 20,000 kWh per year is required for an application. Aggregation of like
customersis allowed and encouraged. A standard contract between the program administrator
(utilities) and third-party sponsor specifies incentives, simplified performance measurement and
verification (M&V) options and protocols, payment terms, and other operating rules. Sponsors
areresponsible for M&V. Incentives (specified amounts per kWh saved) are paid to project
sponsors, with 40% after installation and 60% after one year, based on verified savings. The
project sponsor incentive includes afixed “participation incentive” of $1,000 for lighting
projects, $2,500 for HVAC projects, and $1,500 for motors/other.”

Table 7. Basic Program Data Summary for 1999 California SBSPC Program*

Utility Applications | Total Incentives Customers
SCE 91 $768,510 56
SDG&E 20 $234,834 21
PG&E 70 $698,919 62
Total 181 $1,702,263 133

*Notes: These figures are based on data received by the authors from the utilities in early 2000 and are not official figures. Final
official participation figures for 1999 will likely differ slightly from those reported here.”

E. Appliances And Equipment

Figure 11 shows the evolution of refrigerator energy use in the United States over the
past sixty years. Up until the mid-1970’s, refrigerator energy consumption was increasing at an
annual rate of over 6% compounded. Thisincrease was dueto agrowth in size and in features,
aswell as an absolute decline in energy efficiency. Had this growth trend continued until today,

" Market Assessment and Evaluation of California’s 1999 Small and Medium Nonresidential Energy Efficiency
Programs, Michael Rufo, XENERGY, Inc., Mary O’ Drain, Pacific Gas & Electric Company, Allan Lee, XENERGY,
Inc., John Cavalli, Quantum Consulting Inc., Julia Larkin, XENERGY Inc. 2000 ACEEE Summer Study on Energy
7F§fficiency in Buildings, Washington, DC, ACEEE, 2000.

Id.
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refrigerators would be consuming over 150 GW of electricity in the United States, well above the
output of the entire U.S. nuclear energy program.

Figure 11: Trends in Refrigerator Energy Consumption

U.S. Refrigerator Energy Use v. Time
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This trgjectory changed dramatically with the adoption of energy efficiency standards by
Cdliforniain a proceeding that took placein 1975 and 1976. These standards influenced the
market for refrigerators nationwide, as manufacturers quickly realized that it was cheaper to
comply with the California standards nationwide than to produce separate products for different
states.

The California standard was based on the most efficient products at the time. Ironically,
they were introduced by a manufacturer who marketed their advantages in terms of greater
energy efficiency, but was unsuccessful in the marketplace; it eventually went out of business.

Following 1980, the shallow slope towards more efficiency was likely encouraged by
utility-based incentives for products that were 10% or so better than the standards. Utilitiesin
Cdlifornia, several statesin the Pacific Northwest, New Y ork, California set new standardsin
1984 with effectiveness dates of 1987 and 1992. These were nationalized with athree-year lag
time for thefirst tier, and contributed to the observed drop in energy consumption at these dates.

IX.  Funding Market Transformation Activitiesin China

Funding sources for market transformation tools can be as diverse as the tool s themselves.
Funding for standards development can come from the government at the national or province
level. The macroeconomic benefit-cost ratio to governments for establishing energy efficiency
standardsis on the order of 100:1. It isalso possible that a professiona engineering or design
association may wish to useits funds and donation of in-kind expertise to develop an energy
standard, if there were some reasonabl e expectation that it would be received well at the Ministry
of Construction.
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Government can also be a source of incentives. Indirect monetary incentives, such as tax
credits, or reduced tax rates reduce government revenues, but do not require additional budget to
achieve. Similarly, local governments can use non-monetary, but still valuable incentives, such
asincreased density allowances and expedited permitting and review. Inthe U.S. the largest
source of building market transformation incentives has been the electric utility industry, which
was putting up to 2 billion dollars per year into this area at the peak of activity. These funds
were supported by very modest increases in electricity tariffs of less than 3%. NRDC co-
authored an extensive discussion of utility funded programsin the Chinese context.*

Energy and environmental labels or ratings for buildings and equipment can be funded in
similar waysto the development of standards. A government-sponsored label, such as Energy
Star would be funded out of the government budget, while a privately sponsored rating system
such as LEED would be developed using the resources of an organization like the U.S. Green
Building Council. For example, if agroup of enterprises and government agencies wanted to
form an independent China Green Building Council, they could fund the development or
adaptation of a green building rating system similar to LEED.

Procurement programs require little to no additional funding beyond normal budgets for
materials and equipment, the only difference being the emphasis on certain levels of energy and
environmental performance in the purchased materials.

Industry collaboratives would be funded through voluntary in-kind contributions from
participating entities that could be covered within existing staffing levels or the creation of new
positions, depending upon the level of commitment of the participant.

X. Conclusion & Recommendations: A Comprehensive Policy For Encouraging Ener gy
Efficiency In Buildings

Chinais already engaged in several of the market transformation activities mentioned in
this paper, although in an uncoordinated fashion. A comprehensive policy to improve energy
efficiency in buildings should be based on the following elements that have been shown to be
effective instruments for promoting improved comfort and building performance, as well as ever
increasing levels of energy efficiency. China could be the first nation to fully implement such a
comprehensive program.

1. Thefirst step isto develop standards that encourage performance-based compliance and
achieve 30%-50% energy savings compared to prevailing practice. China has already
completed or is actively pursuing the devel opment of standards for residential buildings
in the heating, cooling and transition zones. Plans aso exist to begin development of a
commercia building standard. In addition, China also has developed voluntary energy
efficiency performance standards for air conditioning equipment, refrigerators and certain
lighting products. China should identify emerging trends in equipment energy use and
develop standards to reduce energy consumption of these devices.

% Barbara Finamore, Dr. Hu Zhaoguang, Dr. Zhou Fugiu, Professor Yang Zhirong, Mr. Li Weizheng, Mr. Liu Jing,
Utility demand-Sde Management in China Opportunities and Policy Options, February 2002.



48

. The next step isto develop mandatory codes based on these standards. The will require
moving energy standards into the same legal category as hedlth, life, safety and structural
standards. Compliance with the performance standards should be universally required as
aprerequisite to building occupancy or to the sale of equipment or appliancesin the
market.
» Agenciesin authority should plan now for regular revisionsto the standards to
achieve higher levels of efficiency in the future.
« Standards should include criteriafor energy ratings through associated labeling,
rating and incentive programs as part of the performance approach.

. Through government agencies or by encouraging professional associations, China should
develop its own simple normative labels to distinguish the most efficient buildings and
equipment. Asacomplement to normative labels, informative labels that can be used to
establish the entire range of energy values in the marketplace should be devel oped.

. The Chinese Government should establish procurement programs based on normative
and informative labels that require the purchase of the most efficient equipment or
appliances and design of the most efficient buildings for use by government agencies.
Incentives could be developed for large enterprises to participate individually or
collaboratively.

. Short-term, managed incentive programs should be developed through government
agencies or the electric and natural gas utility industries that promote modest
improvements (about 15% to about 30% beyond the standards) based on labels or
voluntary beyond-code standards.

. Tax incentives or other long-term, fixed incentives for achieving 50%-75% savings
beyond the code, possibly based on labels or rating systems, should be approved by the
government.

. China should continue its efforts in research and devel opment of new technologies and
the implementation of innovative design principles.

. In conjunction with the development of energy codes and standards, education, outreach
and training of designers, engineers, builders and code officials should be budgeted for
and staffed as an integral part of the code development process. These programs could
possibly be funded through multilateral development bank loans or grants from the World
Bank, in conjunction with its municipal heating system reform project or as a separate
proposal to the Asian Development Bank.
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Introduction to Energy Efficiency Technologies and Simulation of Energy

Consumption for Shanghai Ecological Building
By Bu Zhen, Lu Shanhou, Fan Hongwu, Cao Yiran, Li Derong
Shanghai Research Institute of Building Science
Abstract This paper introduces the energy efficiency technologies applied to Shanghai ecological
building, which includes high energy performance envelope, natural ventilation, humid dependent
air-conditioning system and renewable energy. To achieve better energy performance, simulation tools
DeST and TAS were used to calculate the annual energy consumption of the eco-building and analyze the

energy effects for the energy efficiency technologies. The eco-building is helpful to promote the
application and spread of advanced energy efficiency technologies.

Key words ecological building, energy efficiency technology, energy simulation
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Ecolonia

21 100089
Ronald Rovers (Wageningen University, the Netherlands)

Ecolonia

Ecolonia Ecolonia
Ecolonia 47%

Ecolonia

Ecolonia

Abstract Ecoloniais an environmentally aware housing state developed jointly by Netherlands agency
for energy and the environment (Novem) and Building Fund Dutch Municipalities, with the support of the
Ministry of Housing, Spatial Planning and Environment and the Ministry of Economic affairs. This
research carried out energy conservation evaluation for the 3 energy conservation projects (39 dwellings)
in Ecolonia through questionnaire, on-site visits/observation, open interview, comparative analysis, and
other research methods.

The findings show that the 3 Ecolonia energy conservation projects are successful for gas saving over the
11 years, and the gas consumption in the Ecolonia energy conservation projects is only around 47% of the
average energy consumption in the Netherlands houses. But the initial electricity requirement for Ecolonia
seems too optimistic, and the practical electricity consumption is similar to the average level in the
Netherlands.

Residents are generally more satisfied with the energy saving measures comparing to the past research. At
the same time, they pointed out some shortcomings of the measures.

The experiences, lessons and advantages learned from Ecolonia will be a useful reference when
considering a better environmentally aware house in the future.

Key words Ecolonia demonstration project, sustainable building, energy saving house, energy saving
measures, renewabl e energy, evaluation, energy consumption, residents’ satisfaction

Ecolonia Alphen aan den Rijn

Ecolonia [Ministerie van Volkshuisvesting, Ruimtelijke Ordening
en Milieubeheer VROM] (Ministry of Housing, Spatial Planning and Environment)
[Ministerie van Economische Zaken EZ] (the Ministry of Economic Affairs)

[Nederlandse maatschappij voor energie en milieu bv  Novem] (Netherlands Agency for Energy and
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the Environment) [Bouwfonds Woningbouw] (Building Fund of the Dutch

Municipalities)
Ecolonia Lucien Kroll
Ecolonia
Ecolonia Ecolonia
Ecolonia
11
40 CO, 35 50
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16 2 Ecolonia “ "
39 10
Ecolonia
2 Ecolinia
2.1 Ecdlinia
Ecolonia Alphen aan den Rijn
Ecolonia 27 8129 m*
1992 101
Novem (National Environmental Policy Plan NEP)
Ecolonia Ecolonia
NEP
1 (Energy conservation)
25
2. (Integrated chain management)

! National Science and Technology Council Preliminary Report 1993, and PTI Sustainable Building Technical Manual, 1996
2 Website of Energy Statistics about Netherlands http://www.energie.nl/index2.html ?stat/trends020.html
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% Website of Alphen aan den Rijn: The Dutch test case for sustainable town planning
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(Active and passive solar energy)
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Ecolonia 14.3
2 1993 2003 Ecolonia
(m )
1993-2003
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
1 1150 808 1129 1024 1151 1060 985 1044 1045 1182 1229 1371 1102
2 1150 758 868 952 890 848 843 727 797 797 924 1130 877
3 1150 1021 1008 995 981 968 955 1103 920 1039 987 1055 1010
(kWK )
1993-2003
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
1 2000 3094 3207 3241 3144 3000 3186 3407 3158 3419 3526 4353 3098
2 2000 2765 3511 3445 3346 3570 3598 3454 3891 4414 4513 4044 3778
3 2000 3217 3111 3004 2898 2791 2685 3007 2985 3713 3751 3540 3280
3.2
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3
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3
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17.4% 39.8% 42.3% 3.48
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[1] Novem, The road to Ecolonia no. 5: On site experiences of sustainable building, 1994

[2] Novem, Ecolonia: Demonstration project for energy saving and environmentally-aware building and living, 1994

[3] Novem, The road to Ecolonia: Evaluation and residents’ survey, 1994

[4] Arjen Buijs, the Ecolonia report of the ESM, 1994

[5] Margrit Kennedy & Declan Kennedy (Editors) on behalf of: European Academy of the Urban Environment, The Urban
Environment in Europe, Designing Ecological Settlements. Ecological Planning and Building: Experiences in new
housing and in the renewal of existing housing quartersin European countries, Dietrich Reimer Verlag Berlin, 1996

[6] Environment and Urbanization: Sustainable Cities; meeting needs, reducing resource use and recycling, re-use and
reclamation Volumed4, 1992

[7] Energy Report of the Netherlands
http://ww.ei a.doe.gov/emeu/world/country/cntry_NL.html

[8] Energy Statistics about Netherlands
http://ww.energie.nl/index2.html ?stat/trends.html

[9] Local Governments for Sustainability
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Properties Required for Subtropical Glazing Films
to Achieve Energy Conservation

Nien-Tzu Vivi Chao, Yi-Ping Lan®, Ser-Sing Cheng', and Cheng-Chuan Wang"
"Materials Research Laboratories, Industrial Technology Research Institute, Hsinchu, Taiwan

Abstract Air conditioning is indispensable and required for almost half of ayear for subtropical region.
The major cause for raised indoor air temperatures is due to solar radiation through windows. The
cooling load contributed from window through solar radiation accounts for about 14  55% of the entire
cooling loads, which takesup 5  14% of the total building electricity consumption. To improve energy
conservation of windows, it is required to balance the needs for day-lighting and thermal insulation.

This study intends to explore the required thermal and optical properties of adhesive films for subtropical
windows. Through the establishment of assessment methods, this study investigated the performance of
55 commercia film products and concluded that 30% visible reflectance and 80% near infrared
reflectance are required to maintain 0.4 shade factor when 60% visible transmittance is achieved.

Key words building energy conservation, filmsfor glazing, visible transmittance

14 55%
5 14%

55 60 04
30 80

INTRODUCTION

In lack of natural resources, Taiwan has to import 97% of the required energy. Based on the Energy
Conference of Taiwan in 1988, it concluded that to promote energy conservation and to increase energy
efficiency are major goals to fulfill and the target for energy saving is to reach 4,187x10* KLOE till 2020.
To reach the target, sectors of industry, transportation, residence/office, and power are assigned to take
31.6%, 16.4%, 19.9%, and 14.9% of the total saving, respectively. For the sector of residence/office,
there are four approaches to reach the quota They are (1) to raise the efficiencies of
appliances/equipments; (2) to establish indices of energy consumption for building enclosure; (3) to set-up
monitoring methods for building energy assessment; (4) to enforce total building energy consumption
allowance. Among the four approaches, the third one is a supporting task, for which no saving quotais
assigned. The rest approaches are assigned respectively to 40.3%, 16.1%, and 43.6% of the saving
allocated to the residence/office sector.

! Contact author email: vivichao@itri.org.tw
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According to Taiwan Power Company, the electricity consumption of the residence/office sector has been
increasing steadily since’ 70's and reached 31% of the entire electricity consumption in 2000, in which the
residential part accounts for 20.1%, office and commercial buildings 10.9% (Lee, 2001). For residential
building, three major items constitute the consumption pattern and they are air conditioning- 30%,
lighting- 20%, and appliance- 50%. For commercial building, they are air conditioning- 30%, lighting-
47%, and power- 23%.

Based on the cooling load analyses of Taipel (Chao, 2004), it has been found that the cooling load
contributed from window through solar radiation accounts for around 14  55% of the entire cooling loads,
which takes up 5 14% of the total building electricity consumption. In addition, window provides
day-light which can compensate the electricity used for artificial lighting. Therefore, to improve energy
conservation of windows, it is required to balance the needs for day-lighting and thermal insulation.

This study intended to explore the properties of adhesive films required for subtropical windows to
improve energy consumption. Adhesive films for glazings have long been developed for privacy and
thermal insulation purposes. The common weakness is that the visible transmission is quite low and the
total penetrating energy is too high when the films are applied to office windows. Through establishing
assessment and measurement methods, this study examined commercial products and concluded the
properties required for subtropical glazing films to achieve energy conservation.

METHODS

Based on the Japanese standard of adhesive film (JSA, 1998) for glazing, two indices are chosen for
assessing the optical and thermal performance of adhesivefilm. They are visible transmittance and
shade factor. The measurements and calculations of the two indices are specified as follows.

or =
uv IVIS I'NIR
- | h

Transmittance

v

[$——LITransmibsion

Wavel enqt'rll, um

Figurel Solar spectrum and optical properties of an ideal material

glazing adhesive film

sensor

light source |, m

datalog

Figure2 Experimental set-up for reflectance measurement
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Visible transmittance and reflectance

The mountain-shaped curve shown on Figure 1 is solar spectrum, in which Ultraviolet (UV) covers 0.3
0.38 um and accounts for 2% of the total energy, Visible (VIS) 0.38 0.78 um and 47%, and Near
Infrared (NIR) 0.78 2.5 umand 51%. The solid linein Figure 1 depicts the transmittance of an ideal
material with high visible transmittance value and low levelsfor both of the UV and NIR.

The optical performance, which is transmittance, reflectance, and absorptance, of a material is measured
by a spectrophotometer and the measuring range covers0.19 2.5 um. The experimental set-up for
reflectance measurement isshown in Figure 2. In Figure 2, |, isthe light source, | the specular
reflectance, and |4 the diffuse reflectance.  The diffuse reflectance and the specular reflectance of a
measured material are expressed in Equations (1) and (2). The total reflectance of amaterial isthe sum
of Rs and Ry, shown as Equation (3).

Rs= g/l (1)

Rd = Idrllo (2)

R=Rs+ Ry (3)
glazing adhesive film

standard white plate

light source |,

datalog

Figure3 Experimental set-up for transmittance measurement

The experimental set-up for transmittance measurement is shown in Figure 3, in which the standard white
plate- a specia polymer is areflective material rejecting light wave within 0.2 2.5um. InFigure3, I,
isthe light source, |4 the specular transmittance, and |4 the diffuse transmittance. The diffuse
transmittance and the specular transmittance of a measured material are expressed in Equations (4) and (5).
The total transmittance of a material isthe sum of T and Tg4, shown as Equation (6).

Ts=lgllo (4)
Td: |dt/|0 (5)
T=Ts+ Ty (6)
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Shade factor

According to JS A 5759, shade factor (SF) is expressed as Equations (7) and (8).  SFis defined asthe
ratio of the total solar energy penetration between through a measured material and a 3 mm plate glass.
Thetotal solar energy transmitted through atransparent material isillustrated by Figure 4, in which A is
the absorbed energy, Arou and Ajin are the re-radiated partsfrom A.  Thesum of T and A, is the total
solar energy entering indoor through the transparent material.

SF = (te+N;i(100- te - pe))/( Teot0.35(100- Teo - Peo)) @)
Ni = (6.3¢ + 3.9)/(( 6.3¢; + 3.9)+( 6.5¢ + 12.2)) (8

Te transmittance of atransparent material
pe reflectance of atransparent material
Teo transmittance of a 3mm glazing

peo reflectance of a 3mm glazing

ge emissivity of exterior air film

g emissivity of interior air film

INDOOR
OUTDOOR e

Reflection, R ASREUEIA T, Transmission

Re-radiate outdoor, Aoy . A, Re-radiate indoor

Figure4  Optical propertiesof atransparent material

Assessment

Based on JIS A 5759, three performance categories of adhesive film for glazing are classified based on
visible transmittance and shade factor. Class |- the best performance is for 60% and above visible
transmittance and 0.4 and lower shade factor. Classll isfor 30 60% visible transmittance and 0.4
0.6 shadefactor. Classlil isfor 10 30% visible transmittanceand 0.6 0.7 shade factor.
RESULTSAND DISCUSSION

Performance A ssessment

This study collected 55 film products from 10 makers. The visible transmittance and shade factor of
each product is measured and listed in Table 1. From Table 1 one can observe that most of the samples
fall into the category of the Class |1 and four samples have better performance. The four samples are B-1,
G-1, F-4, and F-3, in which the performance of B-1iscloseto Classl. Among the 55 samples, none of
them reaches the performance of Class|.
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From Table 1 one can find out that sample B-1 achieves high visible transmittance level while maintaining
alow shade factor value.  The situation can be further observed in Figure 5, in which sample B-1 has
high visible transmittance (Figure 5(a)) and high near infrared reflectance (Figure 5(b)) aswell. A

higher near infrared reflectance value hel ps to reduce the total penetrating solar energy, which resultsin a
lower shade factor. This phenomenon can be specified by the performance of sasmple D-11. From
Table 1 one can find out that sample D-11 has high visible transmittance (67.07%) and high shade factor
(0.8) values. The cause for D-11 to have a high shade factor can be observed in Figure 6, in which a
high transmittance is shown in the near infrared region.

Tablel Performance of film samples

Sample | visible transmittance, % [shade factor| Sample | visible transmittance, % | shade factor
A-1 43.56 0.57 F-1 11.28 0.26
Al A2 53.24 0.67 F-2 13.50 0.26
A-3 60.76 0.71 F-3 57.39 0.67
B-1 63.36 0.46 F-4 65.93 0.61
B B-2 15.79 0.46 F-5 33.14 0.47
B-3 25.91 0.46 FI F6 22.75 0.39
C-1 30.44 0.49 F-7 6.35 0.19
c C-2 35.24 0.39 F-8 19.78 0.45
C-3 23.04 0.59 F-9 38.81 0.45
C-4 45.61 0.61 F-10 17.87 0.23
D-1 6.11 0.25 F-11 16.31 0.44
D-2 16.26 0.29 F-12 41.66 0.58
D-3 7.98 0.25 G| G1 67.72 0.53
D-4 9.19 0.23 H-1 63.19 0.76
D-5 12.34 0.29 H-2 65.02 0.78
D D-6 87.24 0.97 H-3 61.32 0.74
D-7 16.89 0.23 H-4 60.56 0.75
D-8 86.81 0.96 H-5 59.65 0.74
D-9 66.21 0.79 H H-6 57.48 0.72
D-10 18.02 0.26 H-7 57.33 0.72
D-11 67.07 0.80 H-8 57.18 0.74
E-1 21.44 0.45 H-9 53.54 0.72
E-2 41.28 0.54 H-10 52.62 0.72
E-3 40.67 0.47 H-11 44,93 0.68
E E-4 22.72 0.29 I -1 85.27 0.83
E-5 11.72 0.25 J J1 77.09 0.71
E-6 36.47 0.58
E-7 20.58 0.42
E-8 54.01 0.69

m

T%
4]
\UP
=
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Figure5 (@) Transmittance; (b) Reflectance of sample B-1
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Figure6 Transmittance of sample D-11

Properties analyses

From the performance analyses of existing products, one can conclude that an ideal adhesive film should
possess high near infrared reflectance value while maintaining high visible transmittance level. To
estimate the optical propertiesrequired for achieving 0.3 0.6 shade factor, the Equation (7) is applied for
the calculation. Figure 7 depicts the results of the calculations, in which the influences from tota
reflectance and transmittance on shade factor areillustrated. In Figure 7 shade factor, denoted as Sin the
legend, is calculated from 0.3t0 0.6. To achieve the performance of Class|, the total light transmittance
should not exceed 28.2% (marked in bold dashed line in Figure 7) when 60% visible transmittance is
maintained. The intersection between the vertical dashed line and the diagonal line of S-0.4 at the total
reflectance is about 53%. A total reflectance of 53% can be achieved when 30% visible reflectance and

80% near infrared reflectance are to obtain.

60% V|s:ransmi

30 —+—S-0}] 3
20 —&-S- 0 4
10 —+—S-01 5
#S-0| 6
0 L
10 20 30 40 50 6TO% 70

Figure7 Impactsfrom total reflectance and transmittance on shade factor
Generally speaking, a higher visible transmittance brings forth alarger shade factor automatically. To

lift-up visible transmittance while maintaining a certain shade factor, it is required to increase the
reflectance of near infrared. This phenomenon can beillustrated with Figure 7. When moving the bold
dashed line right-ward, the total reflectance needs to be lifted up to meet the diagonal line. It istherefore
beneficial to maintain a 60% visible transmittance when product development is concerned.
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CONCLUSION

To improve energy conservation of windows, it is required to balance the needs for day-lighting and
thermal insulation. This study intends to explore the required thermal and optical properties of adhesive
filmsfor subtropical windows. To reach the goal, this study establishes measurement and assessment
methods based on the Japanese standard of adhesive film for glazing. According to the established
methods, this study investigated the performance of 55 film products from 10 makers. It has been found
that most of the samplesfall into the Class |1 category and four samples have better performance. There
isonly one sample has the performance close to the Class|. To reach Class|, it was observed that 30%
visible reflectance and 80% near infrared reflectance are required to maintain 0.4 shade factor when 60%
visible transmittance is achieved.
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Using Non-Energy Benefits (NEBs) to Market Zero and Low Energy
Homes in New Zealand

LisaA. Skumatz, Skumatz Economic Research Associates, Inc. (SERA)
Albrecht Stoecklein, BRANZ Ltd.

Abstract For a research project in New Zealand on zero and low energy houses (ZALEH), the authors
conducted in-depth interviews to quantify benefits of, and barriers to, advanced homes and technologies. The
surveys included occupants of known ZALEH homes. The survey consisted of four magor sections. an
inventory of (advanced) equipment; a survey of technology performance issues, attitudes, and beliefs;
questions to evaluate positive and negative Non-Energy-Benefits from various equipment; and detailed
demographic and segmentation variables.

The research examined the overall non-energy benefits (NEBS), as well as the benefits from each of the range
of advanced technologies included in the homes. The sources of NEBs was identified — including factors such
as improvements in comfort, bill control, health, maintenance, noise, the environment, and other factors. We
examined the both positive and negative impacts, and used a set of detailed questions to identify the value that
the occupant placed on each of the net impacts or benefits. The results showed ZALEH residents place ahigh
value on the energy efficiency features of their homes, and that the relative level of benefitsisin the order of
those seen in United States programs.

ZALEH
ZALEH 4
NEBs

NEBs NEBs

ZALEH

Background on NEB Valuation

This project was designed to measure the non-energy benefits (NEBSs) that might be found in a set of zero and
low energy houses (ZALEH) in New Zealand. The authors conducted in-depth interviews with occupants to
discuss, identify, and quantify the positive and negative impacts the owners recognized from advanced home

technologies. The advanced features of these homes included: advanced house design (96%), solar water
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heating (96%), advanced glazing (91%), advanced space heating and cooling (91%), high insulation levels

(83%), special house features (61%), micro energy generation® (35%), and other features (22%).

Over the past few years, research has been conducted to develop and test aternative valuation methods for

commercia and residential NEBs (Skumatz 2002). This project provided an opportunity to quantify the array

of NEBs that have been associated with low energy use homes — and develop information that serves at least
two purposes:

¢ Informs efficiency-related marketing, targeting, design, and outreach efforts: Previous research shows
that NEB analysis provides quantitative information that clarifies benefits and negative benefits/barriers
associated with efficiency efforts — based on the field experience of those implementing conservation
measures.  Previous research demonstrated these methods for a variety of residential and commercia
programs and measures (Skumatz 2002, Pearson and Skumatz 2001). The quantitative approach and
information demonstrates which NEBs are especially important, and provides data on the relative size of
the NEBs compared to direct benefits from energy savings and other direct sources. These findings can
be sorted by demographics, measure type, or other factors that may affect the value and importance of the
NEBs. These results point out which benefits are most important to various groups, providing
opportunities to design program interventions and outreach activities to target groups such as builders,
decision-makers, and other subgroups. It will permit them to address those energy technologies which
show the greatest NEB benefits, using terms and benefits that the end users value and respond to.

e Provides data for improved program benefit-cost analyses. The quantitative values for program- or
intervention-related NEBs can be and have been used in revised public purpose tests, and to provide
more complete information for assessing benefits and costs associated with programs. Dollar-related
NEB benefits (“net” including positive and negative NEBs) can be added to direct cost and benefit
information, enhancing program-related cost/benefit computations. The user may choose to include all
NEBSs, or only a subset of the overall NEBs in the cost/benefit computations — or there may be different
cost/benefit computations depending on the perspective upon which the test is based. One specific
application for quantified non-energy-benefits may include programs in which post evaluation shows that
the projected energy savings have not been achieved. Rather than considering these programs as failures,
the financial valuation of non-energy-benefits can demonstrate a quantifiable positive outcome
nevertheless - abeit not the originally intended one.

Most of the previous NEB work has assessed benefits associated with measure-based programs or audits that

lead to measure changes. This project was designed to see if benefits were recognized and attributed to

features of zero and low energy homes (ZALEH) in New Zealand, and to see if actua dollar values — or

ranges — could be associated.

! Micro generation is considered generation by households through technologies like PV, small wind and hydro, etc.
2 Work by Skumatz for the California Utilities updating the Low Income Public Purpose Test, and information from
Skumatz and other NEB analyses was used to develop NEB “adders’ for Massachusetts PUC proceedings.
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NEB M easurement Approach

The most challenging aspect of the research is quantitatively valuing these “hard-to-measure” positive and
negative benefits. Skumatz Economic Research Associates, Inc. (SERA) has conducted extensive research
to develop severa measurement methods to quantify and “value” a wide range of participant and other
NEBs. SERA pioneered the application of three different approaches in querying and measuring non-
energy benefits, including “willingness to pay”, comparative, and labeled magnitude scaling approaches
(Skumatz 2002). For this project, two of these methods were used: a variation of the willingness to pay,
and the comparative methods. The results were designed to provide information on the net value of the
non-energy benefits emanating from the advanced technol ogies as recognized by the ZALEH residents.
The basic approach involved telephone interviews with residents in a sample of ZALEH homes. We asked
about specific NEBs (both positive and negative) associated with individual measures. Previous NEBs
research and some preliminary work was used to develop alist of likely NEBs associated with the ZALEH

homes/ owners.

We asked both prompted and unprompted questions on benefits. In the questionnaire, we asked, for each

NEB category, whether there was a change, and whether it was positive or negative. The prompted benefit

categories — phrased in the way that most people assigned the NEBs (positive) -- included:

e Appearance: Improvementsin appearance of the home.

e Bill control: Measures (and bill impacts) led to afeeling of greater control over the energy hill.
e Comfort: ZALEH house features led to greater comfort in this home than others.

e Environmental: Features led to environmental benefits.

e [Features. Energy equipment or measures had better features, options, or were nicer than non-ZALEH

mesasures.
e Hedlth: Features were perceived to make the home safer or healthier to livein.

e Maintenance: The features had lower maintenance

e Moving: The ZALEH home's special energy features led to them being able to avoid a move, either

because of lower bills, greater benefits, value, and service from the home, or other reason.

e Noise: The ZALEH home had lower noise, either from outside the home, or from the energy using

equipment inside the home, or both.

e Notices. The energy reductions due to the ZALEH home led to lower bills, which improve their ability to

pay and therefore reduced late payment notices or similar calls from the utility on bill-related issues.

e Other: Other, unprompted benefits categories included higher cost (the major one), and a variety of other

benefits or negative impacts and changes.
The results for overal valuations and for individua benefits categories are included in the following

sections.
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Total NEBsfrom theZALEH Homes

The feedback and valuations from the respondents make it clear that there are NEBs deriving from ZALEH
homes and they are highly valued. The results showed that the average estimate for energy savings from
ZALEH home NZ$1,300 per year.® The values reported by individual homeowners ranged from NZ$400 to
NZ$3,000. The NEB analysis found that, on average, residents estimated they recognized about NZ$3,600
worth of value from the NEBs — including both positive and negative impacts from the range of conservation
measures and features included in their homes. Thus, as a fraction of energy benefits, the households reported
that they received just over three times as much vaue from the NEBs from the ZALEH as they realized from
the energy savings. If non-energy benefits were to be incorporated into the assessment of “payback” for the
investment in the ZALEH measures, it would imply that the payback was significantly faster than the payback
excluding these benefits.

Results by Type of NEB

Table 1 shows the fraction of the total NEBs that derive from each NEB category — on an overall basis. Most
of the NEBs (almost three quarters) come from just afew categories:

e Comfort (28%),

e Environmental benefits (afeeling of “doing good” for the environment) (22%), and

e Avoided moves (22%).

Tablel Shareof Total Net NEBsfrom Key Categories

Percent of total NEB value by NEB category
Appearance 7%
Bill control 4%
Comfort 28%
Environmental 22%
Features 0%
Health 3%
Maintenance 1%
Moving 22%
Noise 5%
Notices 0%
Cost -11%
All other -1%

Other sources of NEB value included improved appearance, noise reduction, bill control, and health benefits.
It was somewhat surprising that health benefits were valued relatively low. Other New Zealand studies have
found evidence of significant health improvements following insulation retrofits (Howden-Chapman et dl.,
2004). Thelow rating in the ZALEH houses might be attributed to the fact that the sample was self-selected

% Note that the residents were asked to estimate the energy savings from measures; actual data on savings were not
provided.
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and biased towards high income earners. These people might be able to heat their houses to comfortable
healthy temperatures regardless of the thermal performance of the house and therefore might not have seen
health improvements since living in aZALEH home.
Improved features, maintenance, and benefits associated with late utility payments (notices) were fairly
insignificant sources of recognized NEBs. Clearly, residents feel that ZALEH homes provide strong comfort,
and environmental benefits, as well as benefits that alow or induce them to stay in the home and avoid
moving. However, concern about the potential extra cost involved was a significant negative concern,
representing 11% of the net NEBs assigned.
NEB Results by Measure
We aso examined the measures that led to the greatest NEB vaue. The results, showing averages for homes
with those measures, are provided in Table 2. Table 3 expresses these findings in percentage terms. The
research indicates that the top three measures in terms of net NEB benefits were responsible for just under
two-thirds of the overall NEB value provided in the ZALEH homes. The results show that the measures with
greatest NEB valuesincluded:

e Specia house design (26%),

e Highinsulation (24%), and

e Windows/ double glazing (15%).
Other strong benefits were provided by solar water heating and space heating, representing another 19% of the
benefits combined.
The strongest sources of benefits for each measure or feature are outlined below:

e Specia house features: NEBs derived mostly from the comfort benefits, and the benefits it provided

in avoiding moves.

e Insulation: Led to strong benefitsin comfort and avoided moves.

e Better glazing: Improved windows provided especially strong comfort and noise benefits to residents.

e Water heating: Largest NEBsin this category came from environmental and comfort sources.

e Space heating and cooling: Comfort, environmental, and avoided moves were the greatest

contributors to NEBs for these measures.

e Appliances: The biggest source of these benefits was environmental.

e Other specia house features and micro-energy sources had fewer observations. Most of these

benefits from other special house features came from environmental and avoided moving sources. The

micro energy users reported awide variety of positive and negative benefits.

199



Table2 Annual NEB Valuesby Technology and NEB Typein New Zealand Dollars

c @ T3
_% 2 0 g CE T 5 2| = o| ZF
=| 8| £| 3| &| E&| g8gl| &g| =T2| %m
< 0} T = s 5| #o| =T eS| £z
Appearance $12 $82 $69 |  $301 -$69 | $440 | $952 $3 $1,379 7%
Bill control $11 $134 $58 $292 $0 $0 $205 $795 4%
Comfort $2 | $1,080 $695 | $1,895 $31 $60 | $1,707 $763 $5,574 28%
Environmental $161 $248 $382 $432 $1,600 $633 | $1,291 $4,227 22%
Features -$3 $55 $48 $4 | -$129 $60 $0 -$2 $61 0%
Health $0 $150 $175 $322 $100 $0 $0 $58 $653 3%
Maintenance $28 $418 -$28 $262 $220 $0 | -$131 $232 1%
Moving $0 $264 $407 | $1,640 $510 $714 | $1,802 $295 $4,307 22%
Noise $35 $702 $3 $368 -$83 $0 $0 -$17 $925 5%
Notices $0 $0 $0 $0 $0 $0 $0 $0 $0 0%
Cost -$44 | -$366 | -$154 | -$612 -$441 $0 | -$361 | -$2240| -11%
All other $66 $120 | -$120 | -$244 | -$331 $0 $0 $93 -$187 -1%
Sum $269 | $2,888 | $1,537 | $4,660 $349 | $2,653 | $5,094 | $2,198 $19,648 | 100%
% of houses
with the measure 61% 91% 91% 83% 35% 22% 96% 96% 100%
% NEBs for
technology 1% 15% 8% 24% 2% 14% 26% 11% 100%

Table3 Resultson Percent of NEB by Technology

While most of the benefit categories showed positive values, cost and maintenance were expressed as
negative effects from the ZALEH homes and features. This matches findings from other work (Skumatz
2004). Interviews conducted as part of the other project indicated that participants were concerned that the
maintenance for advanced measures might be more complex, that it might be hard to find contractors to repair
some technologies, and parts might be difficult to find. Although these issues were not probed in the New
Zealand work, concerns might be similar.

2| §5| 2| 3|8 2| 88| Bgmad| o8

2| © z 2] 58 5| #5| =2 23| B2
Appearance 5% 3% 5% 6% | -20% 17% 19% 0% 7% 7%
Bill control 4% 5% 4% 6% n/a 0% 0% 9% 4% 4%
Comfort 1% 37% 45% 41% 9% 2% 34% 35% 28% 28%
Environmental 60% 9% 25% 9% n/a 60% 12% 59% 22% 22%
Features -1% 2% 3% 0% | -37% 2% 0% 0% 0% 0%
Hedlth 0% 5% 11% 7% 29% 0% 0% 3% 3% 3%
Maintenance 11% 14% -2% 6% n/a 8% 0% -6% 1% 1%
Moving 0% 9% 26% 35% n/a 27% 35% 13% 22% 22%
Noise 13% 24% 0% 8% | -24% 0% 0% -1% 5% 5%
Notices 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Cost -16% | -13% | -10% | -13% na| -17% 0% -16% | -11% | -11%
All other 25% 4% -8% -5% n/a 0% 0% 4% -1% -1%
% of NEBs from
technology 1% 15% 8% 24% 2% 14% 26% 11% | 100% 80%
% of NEBs
excluding "Cost
“and “ Other" 1% 14% 8% 25% 13% 14% 23% 11% | 100%
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Differencesin Results by NEB Valuation Method

Table 4 shows the overall and measure-specific values and multipliers for the ZALEH homes. The table

shows value in two ways:

e A variant of willingness to pay in which we asked how much they would need to be given to agree to
have the item removed from their home, and

¢ NEBs computed from comparisons with value relative to perceived energy savings from the measures.

Table4 NEB and WTP Resultsand Multipliers

Total (rounded)
WTP -- average for those with measure($) NZ$1,900
Individual NEB values adjusted to "total" (%) NZ$3,600
Energy savings by measure adjusted to "total" ($) NZ$1,300
Multiplier of NEB value/ energy savings 2.8
Multiplier of WTP value/ energy savings 15

The results for the willingness to pay (or be paid) shows that the homeowners estimated they would need to be
paid an average of about NZ$1,900 to have the ZALEH features removed. The highest value in those terms
was provided by insulation, with windows and special house design features also important or highly valued
by residents.
When asked in relative terms how valuable the measures were to residents, the households provided
information that translated into a net value of about NZ$3,600 per home.* The highest value items under the
WTP method were again the highest valued items under this valuation method. The second method
determined a value amost double the value provided through the willingness to pay method.
The energy savings that households estimated came from these measures was about NZ$1,300 per year.
When the computed NEBs were compared to energy savings estimates, we found that:
e  When measured from WTP estimates, the NEBs were 50% more vauable than the energy savings
(multiplier of 1.5) and
e When measured in relative terms, the computed NEBs were 180% more valuable than the energy
savings (2.8 multiplier in the table).
While these two valuation methods provide different estimates, both indicate that NEBs were perceived to
have significant value, and that these other benefits were perceived to be significantly more valuable than the

energy savings deriving from the measures and features provided in the ZALEH homes.

*We asked the information in terms of both individual benefits as well as the overall benefits. The individual
benefits were corrected or “scaled down” in this table to sum to the overall benefits they estimated. That is, the
sum of comfort plus each other individual benefit category came to a higher number than they estimated for the
total / overal net NEBs. The total NEBs computed from the sum of individual categories was 61% higher than the
figures in the table. This tendency to overestimate individual benefits relative to the sum has been found in other
research (Skumatz 2002). One reason for this may be that some of the benefits tend to overlap, such as for example
comfort and health leading to an overestimated sum for the individual benefits.
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Discussion of Overall Results

Thisimplies that, regardless of which measurement method is used for the NEBs, when cost-benefit analyses
are used to justify expenditures in measures, the builder or other decision maker may be underestimating the
value of the measures or investments to homeowners. The computed payback times are much longer than
resident’s experience in terms of overall value.

Reviewing the values assigned by measure in Tables 2 and 3 above shows that the measures with the highest
value multipliers relative to estimated energy savings are insulation, specia house design, and glazing. These
measures may be ones that, in particular, builders could “overinvest” in (using ssmple payback criteria) and
have that investment by builders highly valued by customers.

It should also be noted that it is likely that the survey participants overestimated their energy savings.’
However, the estimated non-energy-benefits are internally consistent, at least as a multiplier relative to
savings. This is because, during the interview, the subjects were explicitly asked to compare non-energy-
benefits with the dollar energy savings, each time explicitly quoting the dollar value of the estimated savings.
The likely overestimation of the energy savings through the ZALEH technologies means that the NEB
multiplier isin fact a conservative estimate when compared to more realistic actual or engineering calculated
energy savings. Further, the Willingness to Pay values were provided as a direct dollar feedback — not related
to energy savings. The findings in either case imply NEBs are recognized as valuable to the homeowners.
The results show particularly valuable measures as recognized by homeowners are;

e Specia housing design,

e Insulation,

e Glazing,

e  Space heating and cooling,

e Water heating,

e  Other special features, and

e Micro generation applications.

Cost/Benefit Application

The potential implications of these results were explored using a typical cost/benefit analysis for insulation
improvements. The New Zealand Building Industry Authority applies this type of analysis energy saving
restricted cost benefit analysis when developing mandatory insulation regquirements, which are legislated in
the New Zealand Building Code and its related documents. New Zealand houses are cold compared to

> A large New Zealand study on actual energy use in houses found that the average energy consumption is
approximately 10,000 kWh (Isaacs, et.al. 2003). This excludes fire wood usage, which is still comparatively
common in older New Zealand houses. Based on the self-reported ZALEH homes energy savings the ZALEH
houses should save aimost 100% of a standard house energy use. However, most of the ZALEH houses still report
significant energy usage. The reasons for this can be varied. Possibly the ZALEH houses are kept at warmer
temperatures, the houses might be larger than average houses or the occupants simply overestimate their energy
savings, since they mostly have no baseline for their house to compare with.
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international standards. Therefore it is also estimated that the potential health cost savings from improved
housing insulation for New Zealand is significant.

The following example illustrates the common lifestyle-benefits-dilemma: Although it is widely accepted that
there are significant non-energy-benefits (NEBs) from energy technologies, traditional cost/benefit analysis
and evauation of energy technologies does not account for these. One of the reasons is that non-energy
benefits are inherently difficult to quantify in economic terms. However, excluding them from the anaysis
effectively assumes a $-value as well, which incidentally is $0. Therefore such an analysis will ultimately not
lead to best-value-for-money solutions.

The following example illustrates this. Our research in zero and low energy houses indicates that house
occupants value non-energy benefits from superior insulation more than twice as high as the associated energy
savings. The following graphs show the impact of including quantifiable non-energy benefits in the cost
effectiveness evaluation.

Figure 1 shows the net present value for insulating a light weight construction in Wellington. These values
were used for the last update of the NZ Building Code insulation targets. The two graphs show that when non-
energy benefits are not included (graph on the left) the slopes of the net present values are close to zero,
indicating that the best value solution is near composite R-values of approximately 0.95°C/W, and double
glazing options (full circles) are less cost effective. If non-energy-benefit values at twice the value of the
energy savings are considered, the graph changes dramatically and the best value options are double glazed
solutions at much higher composite insulation levels (The lowest NPV option is to the right of the last
calculated data point, i.e. higher than the last computed composite R-value of 1.4°C/W).
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Figure 1: Change of net present value for different accounting of non-energy benefits: left: only energy saving with no
non-ener gy benefits, right: non-ener gy benefits ar e twice as high as ener gy cost savings. (Open circlesrepresent single
glazed cases, filled circles double glazed cases.)

Until now this research has focused on advanced housing. It is necessary to capture other segments of the
housing stock, as well. The current results indicate for example that health benefits from energy technologies
are of low value to the generally high-income occupants of the low energy houses, whereas other New
Zedland retrofit evaluation projects showed that health was a highly valued non-energy benefit for the lower-

income participants in that project.
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Summary and Implications

The analysis shows that comfort, environmental benefits, and avoided moving benefits each represent more

than one-fifth of all the non-energy benefits realized by residentsin the ZALEH.

¢ Residents gain the comfort from higher insulated homes, better space heating, double glazing, solar water
heating and specia house design.

e One of the major NEBs associated with energy efficient appliances and solar water heating is
environmental.

e Environmental benefits represent about a fifth of the NEBs delivered by these measures.

e Negative benefits (concerns) — largely costs and maintenance issues — can be associated with the
advanced energy measures.

The results show that investment in ZALEH features may be lower than residents would be willing to accept.

The data indicates that NEBs outweigh energy savings, and understate benefits recognized by homeowners by

between 50% and 180%, or by NZ$1,900 to NZ$3,600 depending on valuation methods. Comparison to

NEBs from other programs shows that these results are in line with savings from US residential programs.

Skumatz (2001b, 2002) summarizes results from several low income and residential programs, and finds that

participant NEBs on the order of 100-300% of energy savings are usual, depending on program type and

target participant.

Further, marketing activities in relation to the ZALEH homes could emphasize some of the important benefits

residents attribute to the ZALEH features, namely significant value from comfort, environmental benefits, and

reduced need to move. Other important benefits include better appearance of the home, better control over

bills, and health benefits.

Non-energy benefits (NEBs) are an often-ignored, but important set of benefits provided by energy-related

measures and features in residential (and non—residential) buildings. Utilities may run energy conservation

programs to reduce energy use, and builders may build homes that include energy saving features, measures,

and designs. However, energy savings may not be — and appear not to be — the highest valued outcome of

these measures and features to the residents or homebuyers. These results make sense to incorporate into:

e Initia decision-making about which measures / features to be included in new / remodeled homes (or into
programs) and computations of costs and benefits from investment in energy using equipment, and

e Outreach / advertising to attract homeowners to these homes or to energy conservation programs that
incorporate these measures. The value of these other benefits — may be stronger selling points for the
measures than energy savings — and these benefits should be used as key sales messages in outreach
program.
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Abstract In lack of natural resources, Taiwan has to import 97% of the required energy.
Along with the economic growth, the residential electricity consumption has been increasing steadily
since’70's and reached 20.1% of the total consumption in 2000. It has been found that the cooling load
contributed from residential roof and wall accounts for around 79% of the entire cooling loads, which
takes up 20% of the entire residential eectricity consumption. This study intended to improve the
therma insulation level of the opaque residentia enclosure through identifying key properties for
achieving high energy saving. Through cooling load simulations , U-value and surface absorptivity of an
apartment at top level and at middle level are examined under natural ventilation and air-conditioned
conditions. It has been found that a raised surface reflectance of a naturally ventilated space is effective
in reducing cooling loads. It is aso observed that to increase the roof surface reflectance is the first
priority for an apartment at top level for cutting-off cooling loads. For a naturally ventilated apartment at
middle level, the better way for energy saving is to increase the surface reflectance of walls, rather than to
cut-off the U-values. For an air-conditioned space, a reduced U-value is equally important as a reduced
surface absorptive level to obtain lower cooling loads. Considering workability, paint could be an
effective material to increase the building surface reflectance for both of the new and existing residential
buildings.

Key words building energy conservation, U-value, surface reflectance, cooling load

INTRODUCTION

In lack of natural resources, Taiwan has to import 97% of the required energy. Based on the Energy
Conference of Taiwan in 1988, it concluded that to promote energy conservation and to increase energy
efficiency are major goals to fulfill and the target for energy saving is to reach 4,187x10* KLOE till 2020.
To reach the target, sectors of industry, transportation, residence/office, and power are assigned to take
31.6%, 16.4%, 19.9%, and 14.9% of the total saving, respectively. For the sector of residence/office,
there are four approaches to reach the quota  They are (1) to raise the efficiencies of
appliances/equipments; (2) to establish indices of energy consumption for building enclosure; (3) to set-up
monitoring methods for building energy assessment; (4) to enforce total building energy consumption
allowance. Among the four approaches, the third one is a supporting task, for which no saving quotais
assigned. The rest approaches are assigned respectively to 40.3%, 16.1%, and 43.6% of the saving
allocated to the residence/office sector.

According to Taiwan Power Company, the electricity consumption of the residence/office sector has been
increasing steadily since '70's and reached 20.1% of the total consumption in 2000 (Lee, 2001). For
residential building, three major items constitute the consumption pattern and they are air conditioning-
30%, lighting- 20%, and appliance- 50%. Based on the cooling load analyses of the residential buildings
in Taiwan (Figure 1; Chao, 2004), it has been found that the cooling load contributed from the opaque

parts of envelop as roof and wall accounts for around 79% of the entire cooling loads, which takes up

206



20% of the entire residential electricity consumption.

In Taiwan more than 77% of the population dwells in urban area and the major building type for urban
residence is apartment.  The requirement for new buildings has been decreasing since 1995 and the floor
area ratio between existing and new onesis up to 85to 1 in 2001. To improve the thermal insulation
level of the opague residential enclosure as roof and wall, it is required to consider an efficient and
feasible way for both of the new and existing residential buildings. The goa of this study is to identify
key properties of building envelop for achieving high thermal insulation level for low cooling |oads.

Electrical Consumption Pattern

Appliances, 55%

Cooling Load Contributors
- Roof, 22%

Lighting, 20% ~ HVAC, 25%

~

L~ wall, 17%
~

[ —
~ \
Equipment/lighting/occupants, 4%

Window-rad, 57%

Figurel Electrical consumption pattern of Taiwanese residence

METHODS

Cooling load calculation

This study takes cooling load as the assessment index to identify key properties of building enclosure for
better thermal insulation to achieve energy saving. Cooling load is calculated from heat gain (1) through
structural components (walls, floors, and ceilings); (2) through windows; (3) caused by infiltration and
ventilation; and (4) due to occupancy. Conductive heat gains and radiative heat gains do not enter the
indoor air directly; thus, their contribution to the cooling load is delayed, and there is a difference between
heat gain and cooling load. This study adopts commercia software for cooling load calculations. The
software applies the cooling load temperature difference method (CLTD), in which cooling load
temperature differences (CLTD), internal cooling load factors (CLF), and solar cooling load factors (SCL)
are used to account for transient effects (Krei-der and Rabl, 1994).
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Figure2 (a) Temperature and solar insolation; (b) daily temperature variation during summer months of Taipei.

This study considers a 2.5% fraction of design condition on cooling load calculations, which refers to the
percent of summer hours when the climate will exceed the design temperature (Bobenhausen, 1994).
For air-conditioned space, the indoor set-point temperature is taken as 25°C with 70% relative humidity.
For naturally ventilated space, the indoor set-point temperature is taken as 28°C for the calculation. It

has been found that a 20% of PPD (Predicted Percentage of Dissatisfied) is obtained when T-shirt and
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shorts are taken at 28°C with 0.5m/s air motion (Chao and Chiang, 2001). The internal load from
occupancy, lighting, and appliance is taken as 3.3 W/m? according to a 24-hour basis.  The cooling load
calculation is performed from May to October according to the climate of Taipei (Figure 2).

Tablel Examined buildingtypes

area, m?
building type floor roof wall window
apartment at top level (AT) 1814 | 1814 | 94.33 345
apartment at middle level (AM) 181.4 - 94.33 345

Table2 Examined parameterS

U wimi solar absorptivity
building type roof | wall | window/SC* roof wall
25 38 6.06/1.0 0.8 0.8
apartment at top level (AT) 1.2 2.0 - 0.6 0.6
0.5 0.5 - 04 04
38 6.06/1.0 0.8 0.8
apartment at middle level (AM) - 20 - 0.6 0.6
0.5 - 04 04

*Shading Coefficient

Examined parameters

Since apartment is the major residential type in Taiwan, two types of apartment are considered in this
study. They are apartment at top level (AT) and apartment at middie level (AM). The two apartments
have the same orientation (north-south facing), floor areas, and window areas, shown in Table 1.

The examined thermal properties of the building enclosure are U-value and surface solar absorptivity (As).

Since the opaque enclosure is considered, the surface reflectance (Rg) can be expressed by Equation (1).

As (%) =1- Rs (%) 1)
The vaues for the examined parameters and other parameters for simulations are listed in Table2. Most
of the Taiwanese apartments are made of RC with thermal insulation blocks on roof and tile bricks on
external wall. The U-value and the surface absorptivity of the roof are taken as 2.5 W/m?K and 0.8; for
wall 3.8 W/m?K and 0.8. Since urban area is considered, the outdoor ground material is considered as
pavement and the ground reflectance () istaken as 0.3 for the simulations.
RESULTSAND DISCUSSION
Roof performance
Table 3 and Figure 3 illustrate the cooling loads of the AT case under naturally ventilated indoor
conditions, in which the indoor air temperature is 28°C with 80% relative humidity. From Figure 3 one
can observe that a reduced surface absorptivity is effective in reducing cooling loads, particularly for poor
insulation cases (higher U-values). For the base case of U-value 2.5 W/m?K with 0.8 solar absorptivity,
the cooling load (9925 kWh/yr) of the reduced U-value 1.2 W/m?K (half of the original value) is 1.32
times higher than that (7534 kWh/yr) of the reduced solar absorptivity 0.4 (haf of the origina value).
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Even more, if the U-valueis further cut down to 1/5 of the original value, the cooling load (7969 kWh/yr)
isstill higher than that of the case by simply reducing the solar absorptivity by half (7534 kwWh/yr).

Table3 Cooling load variation at different thermal properties of roof

U, W/im*K
solar reflectance solar absorptivity 25 12 0.5
0.2 0.8 13842 9925 7969
04 0.6 10781 8240 7141
0.6 0.4 7534 6743 6559
kWhiyr
14006/ surface absor ptivity
——038
11750 — _, 06 — —
9500 | ——04
7250 | k,_’J_k////"
5000
0 05 1 15 2 25 3 U, W/mK

Figure3 Impactsfrom roof U-value and surface absor ptivity on cooling loads

Table4 Cooling load variation at different thermal properties of wall - AT case

U, W/im*K
solar reflectance solar absorptivity 3.8 2 0.5
0.2 0.8 13842 13015 12709
0.4 0.6 13200 12740 12556
0.6 0.4 12433 12496 12433
kWhiyr
14000 %'é:
7=+ ]
9500
surface absor ptivity
——08
20 - 4 06— —— —— — — —
——04
5000 ‘
0 1 2 3 4y U, W/im’K

Figure4 Impactsfrom wall U-value and surface absor ptivity on cooling loads- AT case

One can observe that the dope in Figure 3 is getting flat when solar absorptivity is decreasing. In
addition, the differences between cooling loads are getting smaller when U-value is reducing. What can
be concluded from the observations is that the room for improvement is getting smaller for either reduced

U-value or reduced solar absorptivity.
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Wall performance- AT case

Table 4 and Figure 4 show the cooling loads of the AT case under naturally ventilated indoor conditions,
in which the indoor air temperature is set at 28°C with 80% relative humidity. From Figure 4 one can
observe that a reduced surface absorptivity is effective in reducing cooling loads, particularly for poor
insulation cases (higher U-values). For the base case of U-value 3.8 W/m?K with 0.8 solar absorptivity,
the cooling load (13015 kWh/yr) of the reduced U-value 2.0 W/m?K (half of the original value) is 1.05
times higher than that (12433 kWh/yr) of the reduced solar absorptivity 0.4 (haf of the origina value).
Even more, if the U-value is further cut down to 1/7.6 of the origina value, the cooling load (12709
kWhlyr) is dtill higher than that of the case by simply reducing the solar absorptivity by half (12433
kWh/yr).

One can observe that the dope in Figure 4 is getting flat when solar absorptivity is decreasing. In
addition, the differences between cooling loads are getting smaller when U-value is reducing. What can
be concluded from the observations is that the room for improvement is getting smaller for either reduced
U-value or reduced solar absorptivity.

From Figure 3 and Figure 4, one can find out that the reduced surface absorptivity of roof is more efficient
in reducing cooling load than the same improvement done on wall for the AT case. The cooling load
(7534 kwhlyr) achieved by the reduced roof absorptivity to 0.4 is 40% less than that (12433 kWh/yr)
achieved by the reduced wall absorptivity to 0.4. The reason is that most of the solar radiation falls on
roof than on walls during summer due to a higher solar angle. One can conclude that to increase the roof
surface reflectance is thefirst priority for an apartment at top level for cutting-off cooling loads.

Wall performance- AM case

Table 5 and Figure 5 show the cooling loads of the AM case under naturally ventilated indoor conditions,
in which the indoor air temperature is set at 28°C with 80% relative humidity. From Figure 5 one can
observe that a decreased surface absorptivity is more effective in reducing cooling loads than a reduced
U-value. It can be observed in Figure 5 that a lower U-value does not work for cooling-load reduction
comparing with higher U-value cases at a reduced surface absorptivity. The reason of a higher cooling
load achieved by a better insulated enclosure is caused by heat-removal difficulties. This situation does
not occur in the AT case is that the surface area of the AT case is larger than the AM case, which makes
the heat removal possible. For anaturally ventilated apartment at middle level, the better way for energy
saving by upgrade the thermal insulation level in enclosure is to increase the surface reflectance, rather
than to cut-off the U-value.

Table 6 and Figure 6 show the cooling loads of the AM case under air-conditioned indoor environment, in
which the indoor air temperature is set at 25°C with 70% relative humidity. Generally speaking, the
cooling load pattern of Figure 6 is different than those under naturally ventilation condition. From
Figure 6 one can observe that the lowest cooling load is achieved by the case with the lowest solar
absorptivity and U-value. In addition, a decreased U-value achieves more cooling load reduction than a
reduced solar absorptivity. For the base case of U-value 3.8 W/m?K with 0.8 solar absorptivity, the
cooling load (10430 kWhyr) of the reduced U-value 2.0 W/m?K (half of the original value) is less than
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that (10887 kWh/yr) of a reduced solar absorptivity 0.4 (half of the original value) by about 4%. The
explanation is that the indoor air temperature of an air-conditioned space is always lower than outdoor air
temperature, which makes the heat transfer path constantly from outdoor to indoor. A reduced U-vaue
is therefore equally important as a reduced surface absorptivity for rejecting heat coming in, which is
helpful for cooling-load reduction.

Table5 Cooling load variation at different thermal properties of wall-AM case under natural ventilation condition

U, Wim*K
solar reflectance solar absorptivity 38 2 0.5
0.2 0.8 6837 6256 6010
0.4 0.6 5918 5888 5949
0.6 04 5245 5429 5827
k\/1\/4hl 0
fiﬂa&% absor ptivity
11750 f™+06- — — — — —— —
—4—04
9500
7250 |
e
5000 .\\‘\\\A
0 1 2 3 4\ U, W/m*K

Figure5 Impactsfrom wall U-value and surface absor ptivity on cooling loads-
AM case under natural ventilation condition

Table6 Cooling load variation at different thermal properties of wall-AM case under air-conditioned condition

U, W/mPK
solar reflectance solar absorptivity 3.8 2 0.5
0.2 0.8 12264 10430 8897
04 0.6 11530 10123 8713
0.6 04 10887 9846 8621
kWhiyr
140 surface absor ptivity
——08
11750 t
9500
7250
5000
0 1 2 3 4\ U, W/imPK

Figure 6. Impacts from wall U-value and surface absor ptivity on cooling loads-
AM case under air-conditioned condition

CONCLUSION

This study intended to improve the thermal insulation level of the opaque enclosure for both of the new
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and existing apartments. The goal is to identify the key properties of the enclosure for an effective

reduction of cooling load. Two thermal properties of building envelop are examined, U-value and

surface absorptivity. To evauate the influences of thermal properties on energy saving in apartment at

top level and at middle level, this study carried out a parametric study by cooling load simulations.

It has been found that to raise the surface reflectance of a natural ventilation space is an effective way in

reducing cooling loads. It is also observed that the effective energy saving measure for an apartment at

top level isto increase the roof surface reflectance, rather than to improve the surface reflectance of walls.

For a naturally ventilated apartment at middle level, the better way for energy saving by upgrade the

thermal insulation level in enclosure is to increase the surface reflectance, rather than to cut-off the

U-value. For an air-conditioned space, a reduced U-value is equally important as a reduced surface

absorptivity for achieving lower cooling loads.

Most of the Taiwanese residence is by natural ventilation, it is therefore beneficial to increase the surface

reflectance to achieve energy saving. When workability is concerned, paint may be an effective material

to increase the surface reflectance for both of the new and existing residential buildings. To better

promote energy conservation in residential buildings, high reflectance paint could be the choice.
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Abstract This paper reviewed the contemporary movement of Green Building and the HVAC system

considerations for green building in China. The future development would probably be focus on energy

efficiency and its rationale behind. Varies building components and some critical factors to achieve energy

efficient building’s requirement were analyzed and discussed with reference to the international research, the

current situation and needs in China.

Keywords Green building, building energy, energy efficiency, central chilled system.

Introduction

With the civilization and modernization, human life has been
improving in comfort, mobility, communication and so on. In
China, the residential building has been rapidly developing
sincethe 80's. Fig. 1 shows the average floor area of new-built

per year less than 100 million m? in 1980 has been increased

ETETEAFHITRREE |0 Dl

more than 5 times by 1999. This aso comes with a

..IIIIIII"”””H
E

Fig.1 Residential buildingin cities of

corresponding increase in demand of air-conditioners; and so is Mainland China

the energy consumption in buildings. In the past 10 years, an export energy of 45.82 MTCE has been turned

to 47.06 MTCE net energy import.
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Fig.2 China energy import/export

We dl know that clean air and soil, pure water, food reserves,
and energy sources are fundamental to life. We aso know that
our way of life — the buildings we live in, the vehicles we
drive, the modern conveniences on which we rey —
jeopardizes these finite resources. According to the U.S.
dtatistics, buildings use 1/3 of the total energy, 65.2% of
electricity consumption, 30% of greenhouse gas (GHG)
emissions, 136 million tons of construction and demoalition
waste (ie. about 2.8 Ib/person/day), 12% of potable water,
40% of raw materials used globally (or 3 billion tons annually),

etc. Atmospheric emissions from the use of energy lead to acid rain, ground-level ozone, smog, and global

climate change. In 1990, CO, emission per person per year is 22 tons in the USA, 2 tons in China and 0.9
tons in India. If nothing is done, China will catch up with the USA by 2020 and India will be 16
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tons/person/year. This will require the Earth to absorb 7 times as much carbon dioxide as today! The
resulting global warming—one estimate is 2.5°F to 10.4°F (1.4°C to 5.8°C) over the next century—may affect
weather patterns, sea levels, agricultural zones, and the quality of life for future generations. The scientists
warn that, if the carbon dioxide level were to rise to two times of the pre-industria level, the global warming
will reach 3.6°F (2°C) which is considered to be “dangerous level”. Note that it has already bee rise 1°F
(0.6°C) in the last 150 years.

“Green Building” Movement

It is only recently that concerns about the environment have taken center stage in the political arena, both
internationally and in China. The World Green Building Council (GBC) was officialy launched in November
2002 by its 9 founding member countries including Australia, Spain, Brazil, Canada, Japan, Mexico, India,
Koreaand USA. A so-caled “ChinaGBC" is being formed at the moment.

Regardless of the organization, the green building initiative aims at reducing or eliminating negative impact of
buildings on environment and occupants. According to Australia GBC?, buildings consume one third of the
world' s resources; they use 42% of Australia’s energy; 12% of water demand is consumed by buildings; up to
40% of waste going to landfill is from construction and deconstruction activities (predominantly the churn of
refurbishments); and 40% of Austraia s air emissions are from buildings.

“Green building”, “whole building”, “sustainable building” or “high-performance building” ... no matter how
it is called, the fundamental concept attempts to optimize cradle-to-grave performance of the entire building.
Economic, environmental, and sociocultral effects receive as much weight as operating costs and initial
investment. Performance goals for the building address occupant productivity, comfort, and well being, along
with the use of energy, materials and the land. Waste production and transportation need to be considered, as
is the adaptability of the building over time. Realizing such ambitious goals requires a very different
approach to the building process — one that is collaborative, integrated, and comprehensive rather than
fragmented and linear. Professionals from various disciplines as well as the building owner and even end
users work together from the pre-design phase. They set the purpose, scope, and performance goals for the
building. Subsequent design decisions are based on their effect on the entire building rather than system-by-
system or component-by-component. For example, meeting the building goa for energy efficiency requires
more than the selection of energy-efficient equipment. It also entails consideration of orientation, envelope,
window placement, glazing methods, shading, etc. The results of the whole-building design process are
compelling. According to U.S. experience, school districts can save 30 to 40 percent on utility costs each year
for new schools and 20 to 30 percent on renovated schools®; and green buildings cost about 50 to 60 cents per

sgquare foot to operate compared with one to two U.S. dollars for a standard building. The increase in
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productivity can be out of expectation, which is illustrated by the example of Main Post Office at Reno

Nevada, USA.*
There are many different rating systems available in AL
different countries to define the common metrics for - A
“green building” such as LEED of USA, BREEAM of if I:.- ' II".-";\L""""'“ #fa.
UK, CASBEE of Japan, GBTool of Canada, Green Star :% e l;"l
of Australia, LND of Germay, ESCALE of France, Eco- A |
Profile of Norway; and in China Eco-Building rating . . !
| "k S "

system was published in 2001 (revised in 2002) for .

residential buildings. Recently, an “Assessment system

]
a & K I3 1630 34 1K B KT 16 48 AL KD ik kD A iR FD T B

e

for Bejing Olympic Green Buildings’ has been
published but it is not a statutory document. Although
al these rating systems are different in terms of the assessment methodology, priority of environmental issues

to be addressed, or local policy and procedures, they share the some common objectives, such as:

Fig.3 Productivity gain after retrofit, Reno Post Office.

- sustainable site planning;
- maximizing energy efficiency or minimizing energy use;
- safeguarding water and water efficiency;
- conservation of materials and resources; and
- protecting both indoor and outdoor environment from pollution or damage.
Recently, a lot of coastal cities and economic zones in China have been suffering from power shortage or
brownout. Energy Efficiency isthe center of issues today and will be the focus of future development in green
building. Chinese government has committed to the Agenda 21 of the UNCED on sustainable development,
which included energy efficiency as one of the Priority Programmes. Energy requirements are continuously
growing as the economy expands rapidly and the population increases. The per capita sources of energy are
limited and energy shortages are increasingly common; therefore, China's future economic development will
inevitably shift from its previous inefficiencies towards efficiency, and focus on energy conservation.”
Building energy control may include the following mgor systems or components:

- building envelope

- air-conditioning and heating equipment

- ventilation and exhaust systems

- systems and building automation

- service hot water supply

- vertical transportation (for high-rise buildings)

- lighting
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A comprehensive energy code or standard (e.g. ANSI/ASHRAE/IESNA Standard 90.1) is required to define
the minimum performance levels that can be met by the mgjority or 75 percent of the buildings in the market.
However, green buildings must achieve increasing levels of energy performance beyond the minimum
requirements, which typically accounts for the top 25 percent in the market. In order to reach the top 25
percent, designers ought to look for innovative alternatives among the building components. For residential
building, “Energy Labeling” is one of the effective measures to control energy use of home appliance and it is
being adopted in many countries including China. It is a market driven approach to promote energy
conservation because products with better energy label (or higher efficiency) will cost less to operate in the
future. End-user education will be an important factor to determine its successfulness. For commercial
buildings or public buildings, the energy consumption of the HVAC systems accounts for 60 to 70 percent of
the total building energy use® and majority of them are using central plant. The energy efficient of “big”
equipment such as chiller and/or boiler becomes the focus of innovative solution. For chillers, the available
technology to improve the efficiency may include selection of the right refrigerant for the right applications,
full-load and part-load performance, multi-chiller plant control, etc.

Right Refrigerant for Right Applications

In compliance to Montreal Protocol, CFC refrigerants are being phased out in China. According to U.S. EPA,
the most commonly used alternative refrigerants for large building air conditioning applications—HFC-134a
and HCFC-123—are allowed, approved, or endorsed for use by Environment Australia; Environment Canada;
the Japan Ministry of Economy, Trade and Industry; the Japan Ministry of the Environment; the U.S.
Environmental Protection Agency; and most other environment ministries worldwide.” In China, the
technical requirement of a qualified substitute to an Ozone Depleting Substance (ODS) is that the Ozone
Depletion Potential (ODP) cannot be higher than 0.11.2 HCFC-123 has an ODP value of 0.02 and HFC-134a
is zero; therefore, both of them are qualified. However, zero ODP does not necessarily mean NOT depleting
the ozone layer. Stratospheric cooling caused by the GHG' s has the perverse effect of accelerating the natural
depletion of ozone layer, according to William Randel,® an atmospheric scientist and a lead author of the
United Nations Environment Program’s “ Scientific Assessment of Ozone Depletion: 2002”.*° Internationally,
particularly in Europe, the Globa Warming Potential (GWP) is equally or even more important when

assessing the environmental impact.

Table 1 shows that HEC-134a has Table 1: Refrigerant Environmental Properties
L . REFRIGERANT Montreal  Atmospheric 100-Year
significantly higher GWP value than Protocol ODP Life, years GWP
HCFC-123. This implies that the cgc.11 1.0 (index) 45.0 4680
. : CFC-12 1.0 100.0 10,720
technology to contain the refrigerant HCEC.22 0.034 120 1780
within the chiller without leakage is HCFC-123 0.012 13 76
_ HFC-134a 0 14.0 1320
very important. In other words, low- R-407C (HFC blend) 0 4.9~29.0 1674
R-410A (HFC blend) 0 4.9~29.0 1997

pressure (e.g. R-11, R-123) machine

Source: Montreal Protocol Scientific Assessment of Ozone Depletion 2002

isrelatively preferred to high-pressure
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(e.0. R-22, R-410A) machine; and hermetic-drive compressor is better than open-drive compressor. The best
available chiller today can achieve a“near zero” refrigerant emission, less than 0.5% charge per year. Again,
absolute zero emission or even zero GWP does not necessarily mean NOT global warming. An inefficient
refrigerant or equipment consumes more energy to operate, which causes the power plant to generate more
and therefore more carbon dioxide is released to the atmosphere as a result. This indirect global warming
effort has been taken into account by the Total Equivalent Warming Impact (TEWI) which makes use of
GWP for refrigerants relative to CO, published by the Intergovernmental Panel on Climate Change (IPCC)
and is calculated by:
TEWI =GWPX L XN+ GWPXm X (1—oye) + NX EgnX

where m is the mass of refrigerant in the

equipment, Kg; arec is the fraction of refrigerant pasa

charge recovered; L is the annua loss or Ei "JJ'

consumption of refrigerant, kglyear; N is [l

equipment lifetime, years, Ean is the annual & IEH'L"

energy use, kWh/year; and g is the CO, emissions E ”,, E::;:::I::
corresponding to every kWh of energy produced, B e
kgCO./kWh. Fig.4 shows an example in the 110 0 0 '_:.H_;. Iﬂ._._i_#_ eropre D
usa” Obviously, the indirect warming effect Fig.4 TEWI for chillersin Atlanta

outweighed the direct warming effort. For a

typical 350-ton chiller over 10-year operation, 100% reduction of the direct effect (i.e. zero emission) means 2
percent improvement in TEWI while 10% increase in COP (coefficient of performance) value can bring along
7 percent better TEWI.

Today, HCFC-123 chiller technology can achieve the highest energy efficiency with the lowest emission and
the refrigerant itself has the shortest atmospheric life as showed in Table 1. The 2002 RTOC assessment
report prepared under the auspices of the United Nations Environmental Program (UNEP) stated that “HCFC-
123 has favorable overall impact on the environment that is attributable to five factors: (1) alow ODP, (2) a
very low GWP, (3) a very short atmospheric lifetime, (4) the extremely low emissions of current designs for
HCFC-123 chillers, and (5) the highest efficiency of al current options.” This international assessment cites
studies showing that “continued use of HCFC-123 in chillers would have imperceptible impact on
stratospheric ozone while offering significant advantages in efficiency, thereby lowering greenhouse gas
emissions from associated energy use.” 12

The next best technology is HFC-134a but the opportunity cost is 5 to 20 percent lower efficiency that could
be translated to environmental cost of the annual power plant emission:

- nearly 9,550 billion grams of CO,

- over 80 hillion grams of SO,
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- over 34 hillion grams of NOy

which is equivalent to:

- removing over 2.5 million cars from the road

- planting nearly 600 million trees each year

Full-load and Part-load Performance

The full-load performance of air-conditioning equipment is commonly measured by COP, EER (energy
efficiency ratio) or kW per ton. Obviously, most of the equipment is running at full-load during peak demand
of electricity. Raising the standard of full-load efficiency reduces the demand for electricity; otherwise, the
government ought to pay even higher price for more power plants that may become an obstacle to industry
and economic development. In the U.S. for example, this is a mandatory requirement in the energy

standard.™® Table 2 showed the minimum requirement of the current version as compared to an older one.

Table 2: Comparison of Equipment Efficiency Requirementsin USA™

Minimum Efficiency®
Per 90.1-1989  After 29/10/2001 Test Procedure

Rooftop air-conditioner, 8.5 EER® 9.7 EER® ARI 340/360°

15 tons

Water-source heat pump, 9.3 EER Cooling: 120 EER ARl 320°

4tons (85°F EWT) (86°F EWT) (ARI/1SO-13256-1
(68°F EWT)

Water-cooled screw chiller,  3.80 COP 4.45 COP ARI 550/590°

125 tons

Water-cooled centrifugal 5.20 COP 6.10 COP ARI 550/590°

chiller, 350 tons

@ Coefficient of performance (COP), energy efficiency ratio (EER), entering water temperature
(EWT), integrated part-load value (IPLV)

® Deduct 0.2 from the required EER if the rooftop air conditioner includes a heating section other
than electric resistance heat.

° ARI 340/360, Commercial and Industrial Unitary Air-Conditioning and Heat Pump Equipment

4 ARI 320, Water-Source Heat Pumps

¢ ARI 550/590, Water Chilling Packages Using the Vapor Compression Cycle.

The part-load performance is commonly described by SEER (seasonal energy efficiency ratio) for smaller or
unitary equipment while the IPLV (integrated part-load value at standard ARI conditions) and NPLV (non-
standard part-load value) are used for larger equipment or chillers by the HVAC industry internationally
including China. Unfortunately, many engineers misinterpret this single figure performance indicator or
misuse it for calculating annual energy consumption.  Note that the number represents the average
performa?fe of one single piece of equipment, not a system. For IPLV of a chiller, it is calculated by this
formula:

0.01A + 0.42B + 0.45C + 0.12D

where A, B, C, D are the energy efficiency at the corresponding chiller loading of 100% at 85°F (29.4°C)
condenser water temperature, 75% at 75°F (23.9°C), 50% at 65°F (18.3°C) , 25% at 65°F (18.3°C) respectively;
and the coefficients are weighting factors of the corresponding part-load operation. Particularly pointed out
by the Air-conditioning and Refrigeration Institute (ARI), the egquation was derived for a single chiller
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instalation and was based on an average part-load
operation; therefore, it cannot represent a particular
job.™® In most cases, a high value of IPLV does not
imply more energy savings because 80 percent of the
chillers (in USA) are installed in multi-chiller plants.
Fig.5 showed the chiller load profile of typical multi-
chiller plants. It can be seen how the loading of the
chillers is affected by the number of chillers in the
plant. The individual chiller load profile bears little
resemblance to the system load profile. The more
chillers there are in a plant, the more operation is near
full-load; and chiller unloading or condenser water
temperatures will be very different from the ARI
standard conditions based on an average single chiller
plant. Besides, the IPLV rating is a function of the
entering condenser-water temperature (ECWT) relief
schedule based on the interpretation of cataloged
cooling-tower performance at part load given the
average weather data of 29 cities (in USA). However,
neither IPLV nor NPLV takes into account different
locations that may have very different condenser water
temperatures. Once installed, the chilled water plant’s
energy consumption is determined by the tradeoff
between chiller, tower and pump power. At many part-

R el e i

il AR R

b).two chiller s 50%/50%

(c) 3 chillers33%/33%/33%

Fig.5: Chiller load profile of atypical
multi-chiller plant

load conditions, the coldest water temperature possible does not result in optimal system operation.’® Load,

ambient conditions and the part-load operating characteristics of the chiller and tower will ultimately

determine the optimum ECWT for agiven installation. Some chiller manufacturers are able to offer advanced

controls such that the chiller and tower operation may be optimized in accordance with the outdoor ambient

conditions.*’

Therefore, the IPLV is not a good yardstick for evaluating energy performance, and could be misleading if it

is being specified in energy standard. Because of the minimal weighting (0.01) of full-load, some chillers

with good IPLV have very poor full-load efficiency. For instance, some of these chillers using variable speed

devices may degrade the full-load performance indeed (see Table 3 for typical example).

To successfully optimize the performance of a multi-chiller plant and deliver the greatest possible energy cost

savings, the designer must account for these facts:
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- Variables other than the dry bulb temperature of outdoor air —for example humidity, solar loads and
operation schedules — greatly affect cooling loads in commercial and industrial applications.

- System loads and individual chiller loads in multi-chiller plants are distinctly different.

- Changing loads affect cooling-tower operation and entering-condenser water temperatures.

ARI encourages the use of comprehensive analysis tools that reflects the actual weather data, building load
profile, number of chillers in use, operational hours, and energy drawn by auxiliaries such as pumps and

cooling towers, when calculating the overall chiller plant system efficiency.

Table 3: Typical example of chiller with low NPLV but mor e energy-consuming

Operating Data Chiller A Chiller B
(with VSD)P (standard starter)

Tons NPLV Hours Ton- NPLV=0.436 NPLV=0.448

Weighting® Hours  kwiton kW  kWh  kWi/ton kW  kWh
500 0.01 30 15000 0.682 341 10,230 0.514 257 7,710
375 0.42 1260 472500 0.52 195 245,700 0.448 168 211,680
250 0.45 1350 337500 0.38 95 128250 0.428 107 144,450
125 0.12 360 45000 0.416 52 18,720 0.536 67 24,120

Total Hours: 3,000 Total kWh: 402,900 Total kwWh: 387,960

: ARI 550/590-1998, Water Chilling Packages Using the Vapor Compression Cycle.
VSD = variable speed drive

Energy saving options

Can primary circuit of chilled water system be variable-flow? |If you ask this question ten years ago, the
answer ismost likely “NO”. Today, it is not difficult to find successful installation examples with lower first
costs and better energy efficiency. A recent research done

by ARI confirmed that variable flow, primary-only systems

reduced total annual plant energy by 3 to 8-percent, first

Chmsuwa‘xevpump Y‘ﬁj
cost by 4 to 8-percent, and life cycle cost by 3 to 5-percent

relative to conventional constant primary flow with variable

Chilled water pump

secondary flow systems.® It may cure “low deltaT
syndrome” aswell.*

Fig.6 shows atypical “decoupled” chilled water system that
consists of a primary circuit (or chilled water production
loop), a secondary circuit (or distribution loop) and a

decoupler (bypass ling). Conventionaly, it is advised to

maintain a constant flow through the chiller evaporator —

I that is the primary circuit. The overriding concern has been

X«:X«: - the risk of nuisance shutdowns or even freezing and
2-way valves

rupturing of the chiller evaporator due to water flow
Fig.6 Typical chiller plant schematic diagram
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reducing faster than the chiller safeties could respond. With the advancement of microelectronic control

technology, strategically placed sensors and real-time response allow the modern chillers to perform its

primary function of producing cold water even when evaporator water flow varies. The range of many

chillers today is 3-12 fps (0.9 — 3.6 m/s)?° but some of them can accommodate as low as 1.5 fps (0.4 m/s).%

However, the rate of change of water flow is critical. Table 4 gives example of the alowable flow-rate

change for different types of chiller; and Fig.7 shows how a chiller control responds to flow-rate reduction.

Table 4: Variable-flow Tolerance of Chillers

Chiller type  Controller type Allowable flow change rate
(% of design flow per min.)
Absorption 1% Generation Not recommended
2" Generation 30% for comfort cooling
10% for process cooling
Scroll All 10%
Screw 1% Generation Not recommended
2" Generation and after  30% for comfort cooling
10% process cooling
Centrifugal 1% Generation Not recommended

2" Generation

Advanced with flow
compensation

30% for comfort cooling
10% for process cooling
SeeFig.2

Source: Trane Engineers Newsletter Vol.31 No.4, 2002.

Now that the primary circuit can vary water flow, the secondary pumps may be eliminated but the bypass line

still remains in order to assure that the rate of chilled water flow through each operating chiller never fals

below the allowable limit required by the manufacturer. Hereisalist of best practice as the key to success:

- chiller optimization for a minimum evaporator flow limit that isless than 60 percent of the chiller’s design

flow; o
- chilled water pump sizing to 120 ]
accommodate the pressure drop 110

of the system as well the chiller 100

©
S

evaporator;
- selection of isolating/check
valves with linear relationship

80

Water Temp [degF]

70 4

60 -

between valve position and flow
rate;

Evaporator Water Flow
L

- 1,500.00
Capacity Control

with Water Flow Compensation
= 1,300.00

= 1,100.00

= 900.00

= 700.00

A
Al o

N

=+ 500.00

= 300.00

Water Flow [gpm]

= 100.00

Evap Entering Water Temp

= -100.00

40

- series arrangement for 2-chiller

30

4

= -300.00

Evap Leaving Water

-500.00

0:00:00

system to avoid flow transition;?
- air handling units or other

0:10:00
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airside terminal devices grouping such that shutdown schedules shall be implemented at 10-minute intervals.
Conclusions

Although green building is a very broad topic and it covers many different disciplines, the future devel opment
in China is likely to focus on energy efficiency. A well-constructed building energy standard will be
inevitable, especialy for public or non-residentia buildings. Since the green building is targeting the top 25
percent of the buildings in the market, it is necessary for the designers to search for innovative solutions. For
commercia buildings, HVAC system takes 60 to 70 percent of overal building energy consumption and
majority of them are using central plant. Chiller technology associated with the selection of right refrigerant
is critical to improvement of the building energy efficiency. HCFC-123 chiller technology provides the
highest efficiency with the lowest annual emission rate. The refrigerant itself has the shortest atmospheric life,
very low GWP, very low ODP and is a qualified dternative refrigerant. As mandatory requirement in
building energy standard, equipment full-load performance is considered to be far more important than part-
load performance. In particular, the IPLV shall be used carefully. It isan indication of the average par-load
performance of a single chiller installation and should not be used for evaluating the energy performance of
multi-chiller plants. Instead, ARI encourages the use of comprehensive anaysis tools that reflects the actual
weather data, building load profile, number of chillers in use, operational hours, and energy drawn by
auxiliaries such as pumps and cooling towers, when calculating the overall chiller plant system efficiency. As
a powerful energy-saving option, modern chillers allow variable chilled water flow. Recent research showed
asavings of total annual plant energy by 3 to 8-percent, first cost by 4 to 8-percent, and life cycle cost by 3 to
5-percent as compared to conventional chilled water system.
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M easures towards Sustainable Energy Use in the Residential Sector
of Warthe District, Brasov City, Romania

Bogdan Grosu Romania
Supervisor: Astrid Loquai
Second Reader: Ronald Rovers
Department: Urban Environmental Management Wageningen University

Abstract In the context of world population explosion and world climate change, the concept of urban
sustainable development tends to become a priority nowadays. One way of achieving sustainable
development is to reduce energy consumption in the residential sector. When energy is saved, it is
possible to fight against other two big environmental problems: the exhaustion of fossil fuels and the
emission of harmful combustion gasses. In aiming to reduce the consumption of energy, the European
Commission recommends the use of Trias Energetica Strategy in dwellings and urban design. It consists
of 3 steps: initially reduce the energy demand, then utilize renewable energy resources and lastly usein an
efficient way the energy sources. The three-step strategy for energy saving involves not only the building
and urban design, but also spatial planning. Trias Energetica was chosen as central conceptual model and
used for developing the conceptual design of this research project.

After it was set free in 1989, Romania has been facing a transitional period and now is trying to reach the
requirements in order to join E.U. by 2007. Brasov City is one of the most important attraction points of
the country, for both its historical value and tourism opportunities. Therefore it could be an optimal
location for the implementation of pilot projects on both energy efficiency and renewable energy use in
dwellings. It is a place where alot of attention is paid to and important investors are interested in. Warthe
District represents one of the most beautiful locations within the city boundaries. This paper shows that
Warthe District confronts with low energy efficiency and high energy consumption in the residential
sector. The objective of the research consists in making recommendations for sustainable energy use of
Warthe District’ s residential sector, by identifying what are the appropriate technical solutions and, where
possible, by estimating the energetic gains these measures would bring.

As aresult of the case studies and analysis, it will become clear that measures to increase the performance
of the building envelope should be applied to both existing and future buildings. Moreover, due to the
orientation and topography of the area, the sun, as a renewable energy source, is exploitable at large scale
within Warthe District. The last but not the least, by applying measures towards efficient energy use, the
energy consumption in the residential sector will decrease. The conclusion of this research shows that
Warthe District has, from a technical point of view, the potential to achieve sustainable use of energy in
the residential sector. It is expected that the technical measures should be combined with the socid,
economical and political context in Romaniato achieve an optimal sustainable development strategy. This
would bring not only socio-economic benefits to the residents, but also considerable environmental
benefits.
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Outline of the Resear ch Report

Chapter 1 contains a description of the project context, the research objective and the research issue
of the research project and a broad outline of the research report. Within this chapter a short
introduction of the research topic is given. Then, the research issue is presented with its subchapters:
the research tree diagram, the research framework, the central questions and sub-questions.

Chapter 2, the chosen theories and concepts will be elaborated and it will be shown how they have
contributed to the specification of the research perspective. Also a method for the determination of
the yearly energy need for residential building heating, based on the G values (the Coefficient of
Globa Thermal Insulation) will be presented. This method will be used for the estimation of possible
passive solar gains of the houses to be built.

Chapter 3 provides a justification of the methods used, as becomes clear from the technical research
design. It refers specifically to the choice of data sources, the way in which they were accessed and
the choice of the research strategy.

Chapter 4 comprises an introduction of current situation in Romania, related with the thesis topic,
and a brief presentation of the Romanian National Policies and the legidlation related with energy
consumption, energy efficiency and renewable energy use. This will be followed by an outline of the
old Romanian dwelling typologies. The second part of Chapter 4 represents an introduction of the
current situation of Brasov City. Then, after a short introduction of Warthe District, some of the sub-
guestions will be discussed in detail in separate sections. the climatic characteristics, the energy
supply infrastructure and the relevant stipulations of Warthe District’s Urban Plan.

Chapter 5 presents the results of the research project in a methodical way, by anayzing the case
studies. Moreover, for the assessment of the thermal performance of the existing dwelling stock, 3
houses have been chosen, inspected and analysed in details. Then, the exploitability of renewable
energies and the savings their use would bring has been evaluated for a Virtual House, built in
accordance with the stipulations of the Urban Plan.

The second section of Chapter 5 provides the answers to the central research question by analysing,
presenting applicable measures, towards sustainable energy use, for Warthe District.

In Chapter 6 finaly the conclusions based on the research project are formulated. Then it is
continued with the general recommendations related to the research context. In addition, a short
reflection on how the Romanian social, economical and political context interacts with the theoretical
context is provided.
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PMV-PPD PMV-PPD

Indoor Thermal Comfort and Air-condition Parameter Control for Energy

Efficiency of Residence
Li Li
(School of Mechanical Engineering, Jimei University, Xiamen 361021, China)

Abstract Analyses the main influence factors of indoor therma comfort, and evaluates indoor thermal
comfort with effective temperature ET, therma comfort index TCl and forecasting average ballot
PMV-PPD, etc. Takes calculating result in the PMV-PPD index with the computer programmer. Gives out
the indoor thermal environment standard in summer, and holds that the indoor design conditions
optimized contribute much to energy conservation on conditioning, that a satisfying thermal comfort is
guaranteed.

Keywords thermal comfort; evaluating index; air condition; temperature; energy saving

MNARIRETIELE ASHRAE FrAErr, 8 SO A RGOl B I VRS, S B R T K
1) F A2 B IR R BE K o B B TN IR 1) AN, 73 B AR AT IE 1 R 555
HUH A 1) e AV L AN SR VRV A A S — R AR il AR 0 s AR T BB P 11 A 3
SR T, AW SR ARG, s BT Sk ds .
1

I IEE BT AR AR R . B IEN AR (CERFED) DU Tk
WS NP . AR . SRS S A ESH (MIERR D,
11 EMKEE

(D ANANIHBRARS R ANHEAT— @ RS S AR W = A, DRI AR I e s AR %
B N AR S A I PRBE A . NI RE R AR 2 B 2 P R IR0, AL TE Bl L 2R
B g Sk BRI AR M IR RR S . MR RIS . ISR, RN G
AN, RIS A AN

(2) AU A1 RRFI NI M A AR IR T2 R A 3 R AR SR, e s A Tl Ay

P8 (KLU R R s ARG AR AR 5 1) iAoty DRTIHE A R A Lt 55 g A 3 P ) ol 2 DN 3%
[

227



TR ZE 0] 3 P RIS I AT @ B A S ok DL LN TR FR 2 A, B & MK AL SCAk )
ZEFA R, e PRI KRB SR R S
12 FUWHER

(D 2 SN TR, R Em EER R, & HEE i AR
TSRS IR e o FEIKZE R R IR DU, R BT e 8 A e SR B sy, IR =g
I, NS A 7 R R . SRR R R, AR R S e, B L PRI
TEA IR EE T, BROAAERE . Mol g BEIR LA AN A 2 2 T R BT & N S BRI R I8
WA TR EY B fIARANE) Mg HE NI 24~28C.

(2) ARRREE R EE IR R ANANL 23 5 M AR B R 0T 17K 53 780, I 25 Wi AR B HETT
TEFE, DRI AFO B P e I R ) AT &, I B R AR S S R NI R R MY o %1 A&
2 BRI AL, 30 AFDRHGE 2 P T s AR A A AR AR 1 I o RN 2 A AR B2 Y R 40%~80%.

(3) “PHFRFHELE  PREE IR S i m] BN 55 P (R K B4 6 S A 5 8] [ PR 5 T 2 Tl g
BRI TR G, SRR S T AR R R N, AR RS AT BT, [ R 7R3
X, B AR SRR T B i LAAE, AT A 2l P R TR VR L R
{18 A B A T 325 S R o

(&) FHNZFRRE EEZE, AU R AR R AN AR . ARG T R R i
WL, WKV, SR ECCR, AR I VN Im/s, A KB R FE(T 2°C~3C.
MAIENTF 0.254mis I, NESEAEIRGHE; M XEh 0.254~0.5m/s I, NSRRI Xk
0.508m/s~1.016m/s I}, A KU, AILLRESZ; HRGE Ty 1.016~1.524m/s I, A AT R K WORUEK,
AEFIE . BEHE %= A A E A KT 0.3m/s.

BrRUA FSEma R EAL, I R ISR AN i S PR A AN R B . PRBE 3R 1
S Z TN R A E IS R o B FAET TG AR IR INGR, AR S AN IR 45 H 5 45 2111
PEPIE VPN FRbR o AN 200 A 80 BEET L MET 1 Fir BT CLAN TN P38 # E PMV-PPD R AR I T 5
2
21 RRE ET

A R (effection temperature) & — AN AR L EL 2 AT I IER G H8 5, A AR R SRR
THR 20 PR T P AT BsRUR BE W BT FEE AR KGR PR S 2% bR B8, el WP A5 R 1) Ak 2R B AP 2
WL R/

Te= f (T Tsy W (D)

Huschke(1959) K e SO0 - AEWFFTIKISE b KA T, BAEE A FTIECF XE u<0.2m/s).
VRIS RS IE AN A o A 80 B 2 il B P8 R XU E A AT 3 R
B B 58 A2 AN AAORT PRI 1) T R L FR) S 6 DAy Bt 308 8 AR 4 2 6 A b DR % AR 17 5
ARG R, 2 ST SR R . TR AN AT T Tero

BT ET %A % E5mAIKZE, Vornon(1930) & 3 UK T BRIGLE F 4R 2 DL B4l fr) 22 A BR 7K AR IR
FEZE, Al B R A A AR 1Bk B, st A4 38 ek A7 80 2 (corrected effection temperature ).

228



PAG, Ehis %5 N (1972)WFFT T SO A7 R0k FE R )8, T A A AEAR XU (u<0.15my/s) 1 8 T, TE 1)
AR AT R R
T =(1.21T+0.21T)/[1+0.029(T - T9)] @)

A BB AT BRI E TR E T AR A g AU A 14 5% AR 7 TR I H W A py
BEAME, VR 2 A B ) R B BRI AR e 2 . AR L AR ORI IR T A 2% 5
i) 2R .

22 AEFEIRETC
BTG (GRS R 0) J8 T ARV PEIX, BV FATERE ;. AARTESLIR IR T
ISR B LA AT 5 R K U T 1R R T AR AP, R AR AERR IE L 1EE o AR,
o X IR IE 1) 4 AR s 1, =22~32°C 5 b =30%~—65%; u=0.2~0.5m/s; T, =ta
DA b A AN R 3R 255 TE U FAETIE FREL TCL, mlFHBAR A 7 R
TCI=11.16 — 0.0556t, — 0.0538 T, - 0.0372P, + 0.0144[u (100 - t,)] ©)
A t—— W E(T );
T— = N ST PR R ()
Px A K287 B J) (mmHg):
U—" i S (ft/min)

AT IEAR L TCI 5 NN Z AR R WK 1 s

1
U Pk % it g GiEES %%9 Tl A4
TCl 7 6 5 4 3 2 1

WA R 2 Fra Rl 7 FE v B =" . AR <0.14m/s. B3 Lo ah . B AR I 4k
SFEFRETCI FIVP J7vd. TCI=1 1), 8%, TCl=4 i, #Fi; TCI=7 B, FEd,

2 TCl
A5 LA B I 7] TCI BRIV 72
1h TCI=0.0245t+0.033Pa-2.471
2h TCI=0. 252t+0.032Pa-2.862
3h TCI=0. 243t+0.037Pa-2.803

W Pa AR FKAEAR S ET], (MmHg).

23 PMV-PPD if/rikis 1@

KT RS IE LA, F1E25#% PO.Fanger BT T KEMSL, &1 T PMV-PPD fabrik
R, 1S0 7730 A5t LA PMV-PPD fEAR KR MV AT o 2B G 8 T NEWESIFRE . K
JRAABHCRAETE D) B PR STRE . BRSE BE RS R S NN R EE DA AR A
POPAT T RE A A, I EUR RS, i AR 2 BN A B SRS . PMV [ B 3
Fi7se. PMV $aFR(FUHFRE AN AR 10 [l — R4 R 2 BN I #uas, DRIt mT F PMV 4545 i
MFAFREE T NARPIISY o 0 TR R 2 RN B B IAEE, T A2 B A 22 5, e

229



AN PPD FibR(FUIANI & 10 ) &R T AR AR FT

3 PMV
PR y 77 T @ Te B %
PMV +3 +2 +1 0 —1 —2 —3
(LPPD [HiI5
PPD = 100 — 95exp(-0.3353PMV* + 0.2179PMV?) (%) (4)
PPD {E V. >4 /)N T+ 10%.
(2 PMV (115
PMV = [0.303exp(-0.036M) + 0.028]L (5)
L = M-W-{3.96 X 108 [(Tq+273)*(T, + 273)*| +fghe(Tq -T2)+3.05X 10°[5733-6.99(M-W)-P,]
+0 .42(M-W-58.15)+1.7 X 10> X M (5867-P;)+0.0014M (34-T )} (6)

Kb MO AR (WIn?), W AARFTE AU (WIM ), fo A5 KTTRREL, Ta
N NARJEERREE CC), To AAKMAMRITREE CC), T, PSR (C), he WK E T2
) ()% SR A (WIM? « °C), Pa I NSRS R ) (P,

W=nM VP
fav Tas he HIEU R TREDE |

1 14>0.078, fy =1.05+ 0.645I (8)
21 14<0.078, fy =1.00 + 1.290I (9

Ty = 35.7-0.028(M-W)-14 {3.96 X 108 f X [(Ty+273)* (T, +273)"]+ fah(Ta-Ta)}  (10)
4 2.38(Ty—To)*?=12.1u°%,

he= 2.380(Ty—T)%% (11)
24 2.38(Ty—Ta) <12.1u°°,
h. =12.1u%° (12)

L 1y AARIRFBE (m? » TWD, u A< (mis).

PMV AN 7E-05~+05 Z [, LLEAKXT M, Te Try U, 1, Pa lg ENSECH CHSEL,
RV PMV-PPD fl. fESHRSEM I M, n, g ENE e &, K Eeg 2
A PMV-PPD ff, W LLEEA S Te T U, PIUNSECKILE]

3 PMV-PPD

LU PMV-PPD A7 AT I I5 1 148 «

D MAENETSH, e SN ENSHYA.

2) R R ENRETERIGO T, B sl s NS5 S, ST SRR .

BV ATE S AR IR, SRR A4 E . M=58W/m?, 14=0.08 m® + ‘C/W, u=0.2ms,
Ta=T, RHVFSEHURFETE, K PMV-PPD %51 T4 4.

4 PMV  PPD

230



SRR | HIRHIRE (%)
(Q(eD) fiks 40 45 50 55 60 65

PMV -0.791 -0.752 -0.713 0.673 -0.634 -0.594

2 PPD 18.204 16.909 15.618 14.52 13.426 124
PMV -0.414 -0.372 -0.332 -0.288 -0.246 -0.197

» PPD 8.571 7.881 7.266 6.726 6.259 5.807
o6 PMV -0.037 0.008 0.052 0.097 0.141 0.186
PPD 5.028 5.001 5.056 5.193 5412 5.714

07 PMV 0.339 0.386 0.433 0.481 0.528 0.575
PPD 7.391 8.106 8.917 9.823 10.824 11.922

PMV 0.715 0.765 0.815 0.865 0.915 0.965
28 PPD 15.76 17.333 19.021 20.82 22.685 24.674

1SO 7730 %} PMV-PPD $EFRIHELE N : PPD<<10%, PMV {7E-0.5~+0.5 2 i) . HRHE1Z%HELEAE
ML RTLLE H, ATESE N EARIN % I Bk S50k -

HEWNHE: 25~27C;

XS : = NI 27°C Y, L 40~60%.

IR 01, Ay A PAGRT 35 SR AT X A S AL I, AAAEARRIME S 8. B, ¥R 25
‘C, AHXSIESE 65%I, PMV i 4-0.197, - V-RBIANHE F 70808 5.807%; Wi/% 27°C, AHXHEEH
5500, PMV {4 0.481, P35 ANHE 113400 9.823%, B [FI R REME I A2 A0S 5 Py AR S5 1) 22
Ko MATRESIREH EE, N MBS R AR REA s ROV RIS HE S 1°C, ST K &, KAk
HHLRES

RIEORT PMV- PPD A5 5% . B 1 & A SR P8 30°C, XX % 50%, T3
BRI E 32°CHiAh, NAERAER E S (0.25cl0), HHABERFEE IR S I8 (8. Vi), HA
[7] KUE I [ PMV-PPD 14445 51 T4 5.

5 PMV- PPD
u=0.1m/s, u=0.3m/s, u=0.5m/s, u=1.0m/s,
T,=31.24°C T,=31.64C T,=3191C T,=32.41C
Al PMV 1.44 1.11 0.97 0.63
M=58W / m? PPD 47.64% 30.79% 24.87% 13.33%
K555 8)) PMV 1.77 1.64 1.58 1.44
M=92.8W/m? PPD 65.46% 58.52% 55.26% 47.65%

L5 RGN, NiEARI, HARE K& T (v=0.3m/s), PMV 4 1.11, PPD Jj 30.79%; 4% LA#L
BiGE X, V=0.3~0.5m/s,PMV 1[4 42 0.97, FINIF) PPD {64 24.8% . # 1 V=1.0m/s, PMV {4
F¥4 0.63. PPD & 13.33% ., HistAEH, nomi <, =] EEK PMV-PPD [MH, 5UFHIXGE=E N

PR,

231



S HUN e T RER R LR s HORBEARUE IR 1K, U 20 e AN Rl ARUE T 45 H 11
S EGE

(1) HSCHR[A1 T %N, A0S ET 45 IS I S H0E Il — e : 1,=25~29°C, & =40%~80%,
u=0.1~1.2m/s;

(2) FIHMEFIGIE TCl, A5 AR Pk DX P PRI RAGET I 11 4 /N4 PR U — o
t,=22~32°C, &=30%~65%, u=0.2~0.5m/s, T, =ty;

(3) RN F- I HEE PMV-PPD #5845, 4 PMV=-05~+0.5, PPD<10%, “*ifZS%ulH 2
t,=25~27°C; & =40~70%; u=0~0.2m/s, T, =t

PEAL, SCERISIET 4 H AR XA L F 255 NN 29.1°C~31.0°C. JRBKIE 29.7C~32.0
'C, FXHEE 76% ~80% . ‘% WKk 0.1~0.2m /s, AKIEJE 36.2°C~36.4°C, B AARIEGERH,
FHVEH A SCER[6]4R H: KILRIIET I KW AR5 B, "=k 28~30°CH, =
N2 30% M NI, (H4E K Z BN HOGEREAEAL b7 A IE 3 2R T

i bRk, S KBREEHE ERRE, B NAIEIRAR T E R AURME 256~30°C; AHX
J& 40~T75%; SIdE 0.1~0.5m/s, A 1.0m/s; ¥R SRS 25°C~33C, Fik, 2%
SRR /39 t=30C; & =75%; u=1m/s.

TR, AR ERR, PR R & 9 S TG AR E N 25~26°CHE
B 27~30°C, JEAEmR 2 K R EF IGO0k, i HoAT B e AW ERBE & N R g, b R
P AN 22 3 KT RS ) s RS S U, 38 Ty Do R I HLIN TR), s s R ReRE. TRl , fES I RS
A B E T2 M HANA T REE, W E E AFREEIEATIE I 420, 0 PRBE 4 AR IR AR A TG Al HH RN, 78

Iy KBS IRRE -

W\

a1

(1 &N HREPIENE T T NSRS REE . AMRIFABE ST BRI . 58N P28 %m S 2
A . TRREF LA R R YoE, KEEROAFLE, RN RN A
AEHME, WTIELRIERIRE R T, FRICAERE.

(2) %)% N IAETIE IFRFR B ORI AN [ 1 R T LAGS USRI R AR . e AR . 4
EPIEFREL TCL n] LLR ToPO BR 300 ER 22 AM ) 3 I AR EE,  PMV-PPD W AT LAZR& 2% 0L R 3k V-
= AR

(3) HEEHNHAETFAR T E N : SNSWE 25~30°C; % W B SAHEE 40~75%:; %P
IS 0.1~0.5m/s, KA 1.omis; & PP 5R S & 25C~33C.

(4) SEPLF PR GO0 Ja & IR R & sl A EALLL AR 77 QB A R BE 1
R AR IR DRI R A s S s AR S AR, R SRR ST BRI A ok
A&, EZEINE A, W] B G R AT AR AT AT RS 1 ARG TR P, RS RT RESR i XU, AT
P ZE N B, SEILS T RE

232



[T A - E- N- ( o). - : . 1994,

[2] . : 2001.
[3] . : 1994.4
[4]
2003
(5] . . 1999 29(6) 15 16
(6] : 2003. 3 :45-47.

EFRRKFERETRYEZIE (4’5 K FO2026)

TR IE . HE A BT AR S X AR 142 45 302 =, WR4w: 361021
Hi%: 0592-6183391

E-mail: xxdxue@jmu.edu.cn

233



1 1 1 1 1 2

1. 200030
2. 200032

Design of hybrid energy system of solar-powered air-conditioning and floor
heating in ecological building
By Zhai Xiaogiang®, Wang Ruzhu*, Dai Yanjun', Wu Jingyi®, Xu Yuxun®, Deng Lianghe?
(1. Ingtitute of Refrigeration & Cryogenics, Shanghai Jiao Tong University, Shanghai 200030, China
2. Ingtitute of Architectural science of Shanghai, Shanghai 200032, China)

Abstract Asanew design concept, ecological buildings have been emphasized all over the world,
and it has become an important subject in the building vocation. It is the end-result of ecological
buildings' energy systems to sufficiently use natural energy such as solar energy and wind energy
and therefore, reduce dissipation of fossil energy. In this paper, a hybrid system of heating and air
conditioning based on solar energy, which is designed for the ecological building of Shanghai
institute of architecture science, was introduced in detail. The design scheme, operation modes as
well as control strategies are discussed. In summer, two solar-powered adsorption air-conditioning
units are used to take on the sensible cooling load of the exhibition hall. In winter, a solar-powered
floor heating systemis utilized to supply heat for the exhibition hall.
Keywords Ecological building; Solar energy; Adsorption air conditioning; Floor heating; Design
of the system
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The Application and Development of Displacement Ventilation in Building

Energy Conservation Fields
Wang Lixia Li Yanfeng
(Cdleged Architedureand Gvil Enginering, Beijing Univarsity of Techndagy, Bejing, 100022)

Abstract The current situation of displacement ventilation application in the building energy conservation
fieldsisintroduced,in which suppling indoor superior air quality rather than cooling or heating loadsis the
major aim. Discusses research approaches of energy consumption analysis such as Energy Simulation
based on heat balance Energy conservation advantages of this system caused by air flow rate and fresh air
flow rate and supply air temperature are also analyzed.It is concluded that appropriate application of
displacement ventilation is of energy conservation

K ey wor ds displacement ventilation building  energy conservation energy consumption analysis

0
HVAC
1
Displacement Ventilation
, 025 / , 2 4
( ) 1
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Abstract Energy saving, clean, health and sustainable development are al necessary in ecological
building. To meet these requirements, a rational version is proposed in this paper. It is suggested that
solar-assisted heat pump (SAHP), water energy storage and liquid desiccant system (LDS) could be
integrated in this version. So, energy can be saved and used rationally when the heat pump system run in
heating condition in winter , cooling condition in summer and hot water supplying condition yearly.

Key words ecologica building, solar energy, heat pump, liquid desiccant, energy saving
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CFD

CFD
Abstract The thermal comfort and energy saving in large spaces mainly lie on the air supply of air
conditioning system. This paper studies the temperature and velocity distributions in alarge space under
three representative air supply methods with the numerical simulation by CFD technique and discusses the
results of energy saving. The results of this paper will provide afoundation for the air conditioning design
in large spaces.
Key words largespace; CFD; numerical smulation; energy saving
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The development of building integration of solar water heater

Luo Huilong Wang Ruzhu Dai Yanjun
(Institute of refrigeration and cryogenics, Shanghai Jiao Tong University, Shanghai 200030)
Abstract The history of building integration of solar water heater is introduced. After that, the
development of building integration of solar water heater in China is discussed, the development trend
and market potential of building integration of solar water heater are analyzed.
Keywords Solar energy; Water heater; Integration of building
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Analysis of solar heat collection factors and application of heating
By Chen Peng , Yu Guo Qing

Abstract On the basis of computing the total solar irradiation of aterrestrial surface of any orientation
and tlit with any incident angle., we analysis the collector form,specific location and others affect on

availiable solar energy and temperature variable in the storage tank. In the end , we evaluate the economy
effects on engineering applying.

Keywoeds solar energy, collection factors, heating , solar energy assurance
University of Shanghai for Science and Tecnology, China
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Tel 54719900-131 E-mail: kxqgiang@sjtu.edu.cn

The Benefit Analysis of Combined Cooling, Heating and

Power System Based on Stirling Engine
Kong Xianggiang, Wang Ruzhu, Huang Xinghua
(Institute of Refrigeration and Cryogenics, Shanghai Jiao Tong University, Shanghai, 200030)

Abstract Based on cooling load, heating load and power load of one typical five-storied house buildings
in Shanghai, the investigation calculates and compares the primary energy rate, annual net revenue and
payback period of a small scale trigeneration system for combined cooling, heating and power generation
(CCHP) with Stirling engine against contemporary conventional separate production, showing that a
CCHP system saves fuel resources and has the assurance of economic benefits. The result of anaysis
states that waste heat utilization ratio and energy price are the main factors that influence energy-saving
benefit and economic benefit of the CCHP system.

Keywords Stirling engine, Combined cooling, heating and power, Natural gas, Energy saving,
Economic benefit
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Air Conditioning Load Prediction Methods Competition

By HeDasi ,Zhang Xu and Li Yuandan

Abstract Accurate prediction of air conditioning load is not only very important to efficiency of thermal
storage technology, but also combined cooling heating and power technology. This paper selects three
typical prediction methods to carry out load prediction to a same objective building, which are linear
regression (LR), seasona exponential weight moving average (SEWMA), and artificial neural network
(ANN). And then, some conditions for comparison which are relative to prediction accuracy, complexity,
feasibility, as well as other specialties are put forward. The result of competition shows: ANN is most
accurate of the three methods., but SEWMA can be applied in projects most easily.

Keyword load prediction, linear regression, seasonal exponential weight moving average, artificial
neural network

Tongji university, Shanghai, China,

[2-6]
Line Regression (Exponential Weighted Moving Average) Artificial Neura
Network
1
1997 (SHASE)
Benchmark [78] 6
7 1996 8

291



(6)

24

Squared Difference Summation
DS = Z(Qi _Qi)2
i=1
Mean Relative Error
1& .
E Z (q| - qave)
MRE = —= x100%
qave
Plus Weighted Absolute Percentage Error

_N |qi_qi 5

PWAPE o nq" x 100%
=1 j _
2.4
1 n
Uave = H; q;
0 n
v) Xi

y:ﬂo+ﬂlX1+ﬂZX2+"'+ﬂpo+5
t+1 (6)

Yea = Bo + BiXipa + BaXop o+ prXp,Hl

BOHBl""IBp )

292

10



[9]

S=a fo +l-a)S, !

C - ﬂ§+ 1-A)C., 8

S :7§d8t' +(1_7/)Sl'

9
o, ﬂ, }/ St Ct é:d
S
S
3 Sq
Ld =a,+ ale,ave + aszZ,ave + a3Td3vaV9 10
Ld Td,ave ao’ai’az’ag
Sq
éd — d+1 11
Ld
Ld+1 Ld
Lo Lo 1 Ly

Ld +1

293



[10]

11x 10x 1 11
10 1 1
1
t ()
t-24 ()
t-168 ()
t-24 (kcal/h)
t-168 (kcal/h)
t

t (kcal/n?) ®
t-24 (kcal/m?)
t-168 (kcal/n?)
t AHU
t-24 AHU
t-168 AHU

6~7

Math Works Neural Network Toolbox
S Sigmoid
Purelin 13 Bayes
1
aV)= 12
#lav) 1+ exp(-av)
$(v)=av 13
6 7 8
8 1 24
8 2 31

294

12



LR SEWMA ANN
9.61E+11 3.21E+11 2.85E+11
-6.0% -2.5% -2.3%
19.4% 10.0% 8.9%
1.44E+11 4.23E+10 9.2E+10
0.908 0.994 0.989
10
-2.5

295

10



LR 11 9.61E+11
SEWMA 2 3.21E+11
ANN 11 2.85E+11
3
3 6
2
6
1978 11
200092

(021) 65894243

Email hedasi@sina.com

296




(1] . , . 1998, 27(5)

[2]Forrest, J.R. and W.JWepfer. Formulation of a load prediction algorithm for a large commercial building. ASHRAE
Transactions, 90(2B) 523-35, 1984

[3]Seem, JE. and JE.Braun. Adaptive Methods for Rea-time Forecasting of Building Electrical Demand. ASHRAE

Transactions, 97(1) 710-21, 1991

[3]Kreider, J.F. and X.A.Wang. Artificial neural networks demonstration for automated generation of energy use predictors for
commercial buildings. ASHRAE Transactions, 97(2) 775-79, 1991
[4]Minoru Kawashima, Charles E. Dorgan and John W. Mitchell Hourly thermal load prediction for the next 24 hours by

ARIMA, EWMA, LR and an artificial neural network. ASHRAE Transactions, 1994
[5]Ferrano.F.J. Prediction of the Thermal Storage Loads Using Neural Networks, ASHRAE Trans Vol 96, No 1,199

6] . . . 73 9 :1-6
(7 . . . 73 9 :37-42
8] . . 1986

[9] . , , , 2002

297



1.2.34. 5.6.7.

Independent humidity control air conditioning systemsin green building

By Zhu Weifeng, Deng Lianghe, Ye Qian, Chen Jianping
Jiang Yi, Li zhen, Liu Shuangiang

Abstract The problems of the traditional air conditioning systems are analyzed. On the basis, one
independent humidity control air conditioning systems is studied and used in one green building. Studies

the characteristic of the new air conditioning systems.
Keywords independent humidity control air conditioning system green building
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Progress of Building-Integrated photovoltaic

Yang Jinhuan, Tan Beiyu ,Ge Liang, Chen Zhonghua, Jiang Xiuli, Gao Lanxiang
(Shanghai Institute of Electric Power, Shanghai,200090)
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The Economy Analysis of aBuilding’'s WLHP Air-conditioning System

in Guangzhou
By longjibo pei gingging
College of Civil engineering, Guangzhou University, Guangzhou 510405.

Abstract Water Loop Heat Pump(WLHP) is a air-conditioning system with the character of heat
recycling, when some rooms need heating but some need cooling in the building, the WLHP can achieve a
good effect of saving energy. This article analyzed the WLHP system in Guangzhou where the buildings
only needs cooling in the air-conditioning season, compared with the system of concentrate refrigerating,
the WLHP system'’s first vast and running consume of energy is higher. This article also discussed the
WLHP system'’s application in Guangzhou and in hot summer and warm winter zone.

Keywords WLHP, air-conditioning system, saving energy.
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200092

13

The Energy Consumption of Evaporative Cooling System in Summer

Yang Jiankun Zhang Xu

Department of Thermal Engineering, Tongji University Shanghai, 200092
Abstract Using the established emulator, the whole summer consumption of one building in
Urumchi city is calculated. In order to compare the energy consumption of evaporative cooling
system with others, the air-cooled heat pump screw chiller is selected and used in the same building.
The whole summer energy consumption of air-cooled heat pump screw chiller is calculated. Through
comparing the two calculation results, it is proved that the energy consumption of evaporative
cooling system is about 1/3 that of air-cooled heat pump screw chiller at the same condition.
Keywords evaporative cooling, air-conditioning load, energy consumption, energy saving
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Development and performance of the gas-infrared hot water Boiler with high

efficiency and low pollution
Qiu Zhong-Zhu
(Shanghai university of electric power, shanghai 200032)
Li Peng, XuYing, Xu Ji-Huan

(Tongji university, shanghai 200092)
Abstract A new type of metal fiber gas infrared burner, which had low NOyx and CO emission, high
combustion efficiency and high combustion safety, was developed for the gas infrared hot water boiler.
Testing showed NOx concentration in the flue gas of the hot water boiler was generally less than 10 ppm,
and CO concentration was less than 30 ppm. The boiler efficiency was 5% higher than the conventional
ones. Through estimating, The boiler efficiency would be 10%~20% higher than the conventional ones if
the boiler was the condensing type. So the developed boiler was a new product, which was energy saving
and low pollution. It had remarkable advantages in energy efficiency and environment protection. It could
be used as the heating sources of the hot water supply and/or air conditioning (heating) system for the
hotel, shopping, residentia or school buildings.
Keywords gasinfrared, hot water boiler, development, performance
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Technical And Economical Performance Analysis of Central Water-Source

Divided Cooling/Heating on a Governmental Building Air condition system
LuLin LiuZehua
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Abstract This governmental building air condition system adopt water-source heat pump system which
is concentrated water-source divided cooling/heating, heating resistance is auxiliary heat source in
winter, Put forward two kinds of schemes of transforming to the question that the original system is too
high in energy consumption. Scheme one: The air-source heat pump replaces the electric heater as the
auxiliary heat source in winter, it adopt the form of " one pair of pumps " to heat to the building; Scheme
two:we find that difference between heat that absorbs in winter and heat that discharges in summer is too
great through calculating in detail(The heat that discharges in summer is far greater than winter). Adopt
the composite heat pump system cooling the return water at the same time in the deep well water and
cooling tower in summer. Compare them on the economy and technology when the systematic end does
not change,
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Promotion of Sustainable Building based on the Concept of
Eco-Efficiency

Shuzo Murakami
Professor, Keio University
Chair of the National Conference Board of SB5Tokyo

Abstract New assessment system for green buildings known as CASBEE (Comprehensive Assessment
System for Building Environmental Efficiency) have been developed by the JSBC (Japan Sustainable
Building Consortium), supported by the Ministry of Land, Infrastructure and Transport. In CASBEE,
two environmental aspectsi.e. environmenta load (L) and quality of building performance (Q) are set as
the major assessment targets. There are about 80 items to be assessed in CASBEE, which are categorized
into two groups of L and Q. BEE (Building Environmental Efficiency) is defined as Q/L, following the
concept of eco-efficiency. Thereby, it becomes possible in CASBEE to assess how much a building can
reduce the environmental load, with realizing the high environmental quality. This assessment structure
is the most unique point of CASBEE compared with existing assessment tools, in which the main concern
is the evaluation of the environmental load, and the aspect of realizing high quality is not expressed
clearly. With the increasing BEE value, total environmental performance of buildingsis labelled as any
of Class C (Poor), Class B- (fairly poor), Class B+ (good), Class A (very good), and Class S (Excellent).
CASBEE is going to provide four tools according to the lifecycle of a building, i.e. pre-design stage,
design stage and post-design stage.

CASBEE CASBEE
L Q 80 L Q
BEE QIL CASBEE
CASBEE
BEE
C B- B+ A S CASBEE

1. Thenotion of sustainable building under the paradigm of sustainable ecosystem

With globa environmental issues becoming more critical, terms such as ‘sustainable building’ and
‘sustainable city’ have come into widespread use since the principles for “sustainable development” was
proposed by the UN’s World Commission for Environment and Development (the so called ‘ Brundtland
Commission’) in 1987. Nowadays, these words have been used in many different ways, but because of the
Brundtland Commission background, the most natural and most basic interpretation is in association with

global environmental issues. Today, the largest point of discussion in global environmental issues is the
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issue of danger to the ecosystem that provides the basic support for our lives. Consequently, the definition
of sustainable building is “producing buildings whose loadings on the global environment are manageable
enough to maintain the sustainability of the ecosystem”. The eco-balance concept has been suggested as a
means of assessing the sustainability of the ecosystem, but because eco-balance is very complex and
comprehensive, it is difficult to define it accurately at present.

Current sustainable building assessments focus on such items as preventing globa warming, saving
energy and resources, and conserving the indoor and outdoor environment, etc. They are the major
elements that make up eco-balance, but by themselves, these are by no means considered to be sufficient
for assessing eco-balance. As the study of the eco-balance progresses, it is quite likely that items for
building assessment could be added and modified, and the assessment method itself could be changed.
2.Danger to the ecosystem, and the amount of time left for us

The fact that changes are occurring to the earth’s ecosystem that provides the basic support for human life
has aready been confirmed by a variety of evidence, particularly with regard to globa warming, and has
been described in detail in severa publications. For example, in well-known publications such as “The
Limits to Growth” (1972)Y, “Beyond the Limits’ (1992)?, “Factor 4" (1995)%, “Factor 10" (1994)?,
repeated warnings have been given by Meadows, Weizsacker and Schmidt-Bleek, etc. Their message is
that in order to avoid catastrophic changes to the earth’s ecosystem, the mass production and mass
consumption lifestyles of the developed countries of the North need to be reformed urgently and radically.
According to various predictions based on numerical models, the amount of time left for us to achieve that

is about 50 years. An example of the simulation that predicts this situation is shown in Figure 1. Drastic

The World’s Situation

Industrial output

Resources

| Population = ‘#. _ "

— e BT Pollution e

L.l‘l"'". --"". N ol e R

o o e £ P - = LT
1900 1990 2000 2100

Figurel Prediction of global environment by the standard run using the growth model?

This is the prediction result by the standard run of the simulation using the
growth model developed by Meadows, etc. Population and industrial output
continue to grow until environmental pollution and resource consumption
reach limits. Catastrophic changes will break out after that.

changes of various factors related to global environment in near future are clearly predicted. The
conference dogan for SBO5Tokyo (The 2005 World Sustainable Building Conference in Tokyo) is
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“Action for Sustainability,” a slogan chosen because the urgency of the situation requires action. The
building sector must reform its position to become properly aware of the critical nature of these urgent

global environmental requirements, and must take serious action to provide solutions.

T

I,

—
Extrapolated

greenhouse
gas emission

——
Reductions
need to

" stabilize the
_climate

Figure2 Prediction of energy demand and reduction®

Human beings are already directly facing the risky ‘Factor 4. In about 50
years time, emissions of greenhouse gases are expected to double.
Researchers warn that emissions need to be reduced unconditionally to half
thelevel.

3. Factor 4, Factor 10 and CASBEE
It is well-known that Weizsacker, Schmidt-Bleek and others are advocating concepts such as ‘Factor 4
and ‘Factor 10’ to proceed reform in the resource productivity of the developed countries, based on their
conclusions that the sustainability of the earth’s ecosystem cannot be maintained without an increase by a
factor of 4 or afactor of 10 in resource efficiency. An example of this approach applied to reduction of
greenhouse gas emissions (cuts in fossil fuels) is shownin Figure 2.
The principle of resource efficiency is expressed in the following formulg;
Resource Efficiency =
Asset and Service Production/Resource | nput
An index similar to resource efficiency is utilized by organizations such as the WBCSD (World Business
Council for Sustainable Development) and the OECD (Organisation for Economic Co-operation and
Development) based on the eco-€fficiency approach. Thisis defined as follows;
Eco-Efficiency =
Quality of Life/ Impact on the Environment
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These approaches are attempts to coordinate and unify the various and different aspects involved in
environmental assessment and express them in terms of efficiency. They are excellent approaches for the

remarkable clarity and simplicity of the principles.

: v =
"o |CASB EE

a

Figure3 Assessment toolsfor comprehensive building performance around theworld

In recent years, there has been a worldwide boom in attempts to assess the comprehensive environmental
performance of buildings from the perspective of global environmental issues, and a number of different
assessment tools have been developed with the aim of achieving this objective. Figure 3 shows the
comprehensive assessment tools for buildings available at present around the world. In Japan, a new
system called CASBEE (Comprehensive Assessment System for Building Environmental Efficiency) has
been developed with the support of the Ministry of Land, Infrastructure and Transport, and with the
participation of industry, government and academia. Figure 4 shows the covers of the manuas of
CASBEE for New Construction and CASBEE for Existing Buildings.

CASBEE is the first attempt in the world to apply the eco-efficiency approach to this sort of system.
Specifically, the eco-efficiency approach has been applied to issues of environmental assessment of
buildings, producing an index of Building Environmental Efficiency (BEE), defined by the following
equation;

Figure4 Coversof themanualsof CASBEE for New Construction and CASBEE for Existing Buildings
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BEE =
Q (Building Environmentd Quiity and Performance)
/ L (Building Environmental Load)

In order to define the terms Q and L used in the BEE definition, the new concept of hypothetical boundary
a the site boundary is introduced as shown in Figure 5. In Figure 5, Category “Q” is assessed as the
improvement of environmental quality within the virtual enclosed space. Category “L” is assessed as the
negative impact on the environment outside the virtual enclosed space. The method of labeling based on
BEE is shown in Figure 6. Trial applications of BEE on buildings constructed by a major company in
Japan areillustrated in Figure 7. Here, high-quality buildings are selected as the targets for the assessment.
The results of implementation of CASBEE Nagoya on buildings in Nagoya are shown in Figure 8. In this
case, common buildings in Nagoya city are assessed, thus almost all labelings belong to the classes of B-
and B+. CASBEE is based on the eco-efficiency approach, and its advantage over the many building
assessment systems  around the world is clear due to its excellent approach . CASBEE has attracted a
great deal of attention worldwide for its clear concept.

Cat_e_go_ry "Q” a Category "L”
as positive impact on as negative impact on

area inside the boundary area outside the boundary

(Neighboring
Building)

Q(Quality)
> L(Load)

Hypothetical Boundary Virtual Enclosed Space

defined at the site boundary

Figure5 Definitionsof Q, L and BEE based on virtual enclosed space

As can be seen from the various prediction results as shown in Figures 1 and 2, the Factor 4 and Factor 10
approaches advocated by Weizsacker and Schmidt-Bleek, etc. are extremely rational indices for the
objective of maintaining an ecosystem that provides the basic support for human life. CASBEE and BEE
are proposals in line with those principles, and the building sector is recommended to promote sustainable
building on the basis of this sort of assessment system.

4.Prospectsfor the building sector in the dematerialization paradigm in the 21st

Century
The paradigm of the 20th Century was mass production and mass consumption. As a result, we now have
the risk of the ecosystem collapsing, and face a situation where human existence is in danger. The natural
consequence of this is that the paradigm of the 21st Century needs to be dematerialization. In order to
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achieve dematerialization, there needs to be wide-reaching reform of the current economic systems, social
systems and political systems that are based on economic growth.

It goes without saying that dematerialization must also be promoted in the fields of building and urban
planning. When promoting dematerialization in the building sector, the BEE principle embedded in
CASBEE is a powerful tool. Because Factor 4 and Factor 10 are concepts to promote dematerialization,

100 BEE=3.0 BEE=1.5 BEE=1.0
Class S:

ClassS / A s BY

Q Excellent
= ; 4

=
% = Class A:
3 % B- Very Good
QD
> @D
83 50 | Beg=0.5 Class B+:
=3 m Good
2 ZF Class B-:
S Fairly Poor
= >
e

= c Class C:

= Poor

100

L (Environmental Load of Building) A Sample Building

Figure6 Environmental labeling of buildings utilizing BEE (Example)

and CASBEE is based on principles aligned with these concepts.

Here, several practical aspects that need to be taken into account when promoting dematerialization in the
building sector are presented. First one is the need to make efficient use of existing building stock. The
massive stock of buildingsis a symbolic accumulation of the materialistic civilization of the 20th Century.
This huge stock can function as a treasure chest of resources to support dematerialization in the 21st
Century.
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100
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AHotel
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. W Apartment
® Factory
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Figure7 Trial application of BEE on buildings constructed by a major construction company

370



Another practical issue is achieving high efficiency for the movement of materials and for logistics
systems. We know the saying of the 3-ton wedding ring; the eco-rucksack teaching that 3 tons of rock or
gravel need to be moved at the gold mine to obtain enough gold for a 10 g wedding ring. Recent research
into ecosystem has made it clear that the movement of massive amount of materials around the world in
the various processes of industry and agriculture is a big menace to the sustainability of the ecosystem. In
the building sector, too, the amount of the materials moved by constructions and logistics is estimated to
be huge. The implementation of new principles and the development of new technology are required to
achieve dematerialization in this area.

5.Barriersto promoting dematerialization and action aimed at overcoming them

In order to promote this dematerialization, there need to be wide-ranging links between the stakeholders,
including countries, regions, industries, etc. In practice, however, there is antagonism between approaches
at various levels — economic, political, cultural, etc. Many situations can be seen where we are till along

way from achieving cooperation for dematerialization. At the economic level there is fierce economic
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Figure8 Assessment result of BEE based on CASBEE-Nagoya

opposition between the North and the South, and it is not easy to promote sustainable policies on an
internationa basis. Even though Spaceship Earth looks in danger of being shipwrecked, the attitudes of
the stakeholders are still very strongly focused on pursuing short term profits, and it is difficult to achieve
a consensus for promoting dematerialization. The truth is that very large barriers still exist. In order to
make even a small amount of progress in removing these barriers, the SBO5Tokyo will be proposing an
Action Plan entitled “Bridging the gaps’, an effort to fill in the three most representative types of gaps
(differences of opinion). The first type is the gaps between regions (e.g. the North-South divide), the
second type is the gaps between environmental sustainability, social sustainability, and economic
sustainability. The third one is the gaps between specialists and non-specidists in industry, government,
academia, and the general public.

371



We must ensure that the movement to promote dematerialization is active on a broad basis, both
internationally and domestically, and between specialists and non-specialists in industry, government,
academia, and the general public. To achieve that, we must continue with our efforts to encourage dialogs
with the objective of filling in these gaps, and to nurture cooperative relationships. If SBO5Tokyo were
able to contribute in that process, it would be a great success.

6.Conclusion

The global environment, which represents our ecosystem, is facing areal risk of collapse. Principles such
as Factor 4, Factor 10, eco-efficiency, and CASBEE can be used to provide ways to overcome the
problem. This paper demonstrates the need to assess the sustainability of buildings based on the concept
of eco-efficiency, and suggests methods and prospects for achieving this by using CASBEE. Next, this
paper indicates a paradigm of dematerialization for the 21st Century. In order to make that a redity, this
paper describes the importance of filling in the gaps formed by differences of opinion, including the gap

of economic opposition between the North and South (devel oped and devel oping economies).
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Abstract Creating a healthy, comfortable and productive indoor environment is one of the most
important tasks in Eco-building. Generally indoor environment includes indoor air quality, thermal
comfort, indoor acoustic quality and indoor light quality. The paper discusses the important technical
Strategies that are applied for Eco- building during layout, design, construct, run and management phase.
Keywords Eco-building, Indoor Air Quality, Therma Comfort, Indoor Acoustic Quality, Indoor Light
Quality Predict technique
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Enriched Virtual Environment:

Application to Building and Environmental Project.

Jacques Martin

CSTB, 24 rue Joseph Fourier
38400 Saint Martin d' Héres
FRANCE

Abstract For the last several years, the French Scientific and Technical Centre of Building (CSTB)
started a transversal research strategy to group the skills available in various disciplines together inside
prediction and simulation tools using Virtual Reality. The main idea behind this strategy is to offer the
managers of a project the ability to evaluate the project through the perception (visual, audio...) of
physical valid displays. They will be able to study and test various choices from a perceptive point of
view in the field of materials, lighting, acoustics, safety, electromagnetism, thermology, environmental
issue as well as economic and sociology. As an example, an urban planning project will be evaluated by
navigating through a numerical 3D model of the site including the display of the associated urban
environment as perceived in reality. This can include a visual display (with lighting simulations), an audio
display (3D audio restitution of road traffic noise and other common urban noise sources), a
representation of air pollution due to road traffic noise and others pollutant emitters, a representation of
local climatic comfort (as related to the temperature, sun exposure, humidity or wind). The user will also
be able to evaluate using the same type of simulations the quality of a given building as perceived from
inside.

Focussed on both the lighting and acoustic fields, the presentation gives an overview on the advanced
modelling and restitution tools developed to provide realistic immersion for one or a small group of users.

In particular, specific 3D sound simulation techniques of indoor and outdoor environments are presented.
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Numerical models for building acoustics

Philippe JEAN

Building acoustics has to deal with a large range of problems. Such a list could include: ground-borne
vibrations for underground or surface trains, air-borne sound from external sources such as cars, trains or
airplanes. Indoor sources are also many: equipment (heating, elevators, piping,..) , heighbours, both
generating structure- or airborne sources.

Many models have been developed to deal with these problems ranging from very sophisticated precise
but usually time consuming up to very simplified, fast but cruder approaches. Some models developed at
CSTB will be exposed, based on Statistical Energy Analysis (SEA), moda analysis, Finite Elements
Methods (FEM), integral approaches, or ray tracing. Each approach has distinct advantages and
drawbacks; combining them can lead to interesting hybrid approaches. It must be stressed that the models
developed for building acoustics are often applicable or inspired from other fields such as transport noise.
Some examples will be showed related to railway vibrations, aircraft noise, traffic noise or laboratory

testing.

Philippe Jean

CSTB
SEA
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Study on the indoor environment by using multizone modeling

Sun Jinli  Zhou Ying
(College of Architecture and Civil Engineering, Beijing University of Technology, Beijing,100022)
LiuTianyu

(Ocean School of Yantai University, Yantai,Shandong,264005)
Abstract Multizone modeling used to study airflow and contaminant transport in building, was
described. Assumptions and basic theory were also introduced and indoor contaminant transport in
different conditions were analyzed. A tall building was modeled by using multizone method in order to
develop different airflow paths. The results show that interior airflow rates and contaminant concentration
are related to wind direction, wind speed, indoor-outdoor temperatures differences and various ventilation
strategies. Effects of different seasons and side window states would influence the contaminant
concentration. Furthermore, When outdoor wind speed is constant and the indoor-outdoor temperatures
differences are variable, the effect of mechanical exhaust would affect the pollutant concentration.
Keyword multizone model, indoor air quality, neutral pressure plane, stack effect
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The maintenance of the residence inside air quality

Zhou zhiping, Pei gingging
College of Civil Engineering, Guangzhou University, Guangzhou 510405, China
Abstract Quoting the definition of World Health Organization, aim that point out the health residence
lives in for the sake of people who make among them the winning is happy with the peace and hedlth;
Analyzing to result in the main reasons of the air pollution in the house are the distribution of the
contaminated sources and deficient ventilation; introducing five basic control strategies.
Keywords disease by air-condition  healthy residence, indoor air quality, control strategy
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Abstract Indoor air quality becomes the focus problem of indoor environment at present. Ventilation is
one important method to improve indoor air quality. However increasing the outdoor air flow rate
increases the energy consumption. The paper discusses the economic loss due to indoor air quality and
energy consumption due to fresh air. Based on the viewpoint of economical benefit, the paper clarifies the
important significance of reasonable ventilation and put forwards the method to determine the outdoor air
flow rate and the factors which affect the fresh air flow rate.

Keywords Indoor Air Quality, outdoor air flow rate, ventilation efficiency
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Impact of a personalized ventilation system on local thermal
and air quality improvement
Jianrong Yang, Arsen Mélikov, Jihong Han, Jingguang Li
Abstract Measurements were conducted to study the influence of a personalized ventilation system on
the air velocity, temperature and contaminant concentration in the microenvironment. The air parameters
in the human breathing zone were analyzed using a breathing therma manikin together with tracer gas
measurement. Results show that the flexible control of this system creates a more comfortable indoor
environment by improving local thermal comfort and air quality. It's also observed that the degree of air

quality improvements is closely related with the airflow rate, air blowing distance and thermal plume
around human body.

Keywords personalized ventilation, thermal environment, air quality, tracer gas, thermal manikin

[2

[3-5]

(el

[7. 8

15L/s [9, 10]

403



[11, 12]

1
0.05 m/s 58 / + 0.1°C
SFs
Manikin
Manikin
6 Manikin 23
36.5 °C
12,13 Manikin 05clo 1clo=0.155m?- °C/W
Manikin
Manikin

INNOVA Multi-gas Monitor 1302 Manikin

Thermobead sensor series BO7

3
31
2
30~40cm 3L/s
15L/s 1.0m/s ASHRAE
0.6~1.0 m/s

10Hz

0.2 m/s

8~15 L/s.person'”!



1.2

40%

¢3l/s m5Ll/s
A10L/s x15L/s
30% -
o 0.8
€
0.4 -
M 10% A ——3Ll/s —m—5L/s
g - s . . ——10L/s —%—15L/s
0.0 T \ 0% : :
0 20 40 60 0 20 40 60
(cm) (cm)
2
3.2
Manikin 60
O
50 | =
4 26 °C ”E 20 L
10L/s 40cm  Manikin @ S 4 |
20
10
Manikin 0
4 Manikin
3.2
Fang [14] 5
Manikin 3
23°C Manikin 27
25 °C
_.26
&
25 4
Manikin
24
7 8 9 10 11 12
()
5 Manikin
Manikin 23°C 26°C)

405



26 °C Manikin
Manikin
33
1 [
Cr - Cin (1)
g =
g Cr - CPV
gp Cr Cin
100% 0
6 26°C Manikin
3L/s 0.2 m/s Manikin
Manikin Manikin
Manikin
5L/s
;
40cm 20cm 38% 55
60% 60%
—e—3L/s, Manikin
—&—3L/s, Manikin
—m—5L/s, Manikin
40% A 5L/s, Manikin 40% H
20% - 20% -
O% T T T T 0% T T T T
15 25 35 45 55 0 5 10 15 20 25
(cm) (L/s)
6 7
4
Manikin

406



[1]Mélikov A K, Nielsen JB. Local thermal comfort due to draft and vertical temperature difference in rooms with
displacement ventilation. ASHRAE Transactions, 1989, 95: 1050-1057

[2]Stymne H, Sandberg M, Mattsson M. Dispersion patter of contaminants in a displacement ventilation room. Proceedings
of the 12" AIVC Conference, 1991

[3]Heinemeier K E, Schiller G E, Benton C C. Task conditioning for the workplace: issues and challenges. ASHRAE
Transactions, 1993, 96: 678-689

[4]Fanger P O, Human requirements in future air conditioned environments: a search for excellence. Proceedings of the 3
ISHVAC, Vol. 1, pp. 86-92, Shenzhen, China, 1999

[5] , . . , 2003, 33(3): 52-56

(6] : : : , 2003

[7]Faulkner D, Fisk W J, Sullivan D P. Indoor Airflow and pollutant removal in aroom with desktop ventilation. ASHRAE
Transactions, 1993, 99(2): 750-758

[8]Bauman FS, Zhang H, ArensE A, et al. Localized comfort control with a desktop task conditioning system: Laboratory
and field measurements. ASHRAE Transactions, 1993, 99(2): 733-749

[9]ASHRAE standard. Ventilation for acceptable indoor air quality (62-1989). American Society of Heating, Ventilating and
Air Conditioning Engineers (ASHRAE), 1989

[10]CEN CR-1752. Ventilation for buildings - Design criteriafor the indoor environment. European committee for
standardization, 1998

[11]Zuo H G Niu, JL, Chan W T. Experimental study of facial air supply method for the reduction of pollutant exposure.
Proceedings of Indoor Air’ 2002, 2002, pp. 1090-1095

[12]Melikov A K, Cermak R, Mayer M. Personalized ventilation: evaluation of different air terminal devices. Energy and
Buildings, 2002, 34 (8): 829-836

[13]Tanabe S., Zhang H, Arens E A. Evaluating thermal environments by using athermal manikin with controlled skin
surface temperature. ASHRAE Transactions, 1994, 100 (1): 39-48

[14]Fang L., Clausen G, Fanger P O. Impact of temperature and humidity on the perception of indoor air quality during

immediate and longer whole-body exposures. Indoor Air, 1998, 10: 68-73

407



INDOOR ENVIRONMENTAL DESIGN CRITERIA AND
CONTROL STRATEGIESIN ECO-BUILDING

Jing.Yuan Jianjun.YeJ.GLi Xiaodong Xie

Abstract The paper will illustrate our approach to design eco-building criteria such as GB50325-2001.
At the same time, to demonstrate the applicability of the advanced technology approach, an indoor air
quality (IAQ) comprehensive assessment software tool named IAQ-SRIBS of the eco-building has been
undertaken. It includes the assessment of comprehensive environmental impacts and the database of
Shanghai local meteorology, building materials and construction properties. The simulation results have
been compared with in-situ measurements monitored in the building. The IAQ will be controlled through
strategic planting. Some environmental control strategies such as material sourcing control are aso
implemented.

Key words Design criteria; Indoor air quality (IAQ); IAQ-SRIBS software tool; environmental control
strategies,

1 Introduction

It isacommon consensus within the “ eco-building” activities that indoor-environment issue has to be an
essential part of the global sustainability. Asia's economic development asks for sustainable devel opment.
The sustainable development of buildings is a key part of the sustainable Development strategy in cities
and the whole country. And what are design criteria to develop an eco-building and how to fulfill the
eco-building is our impending task in china now.

2 Dedign criteria

The main objectives of eco-buildings are to provide a comfort and health indoor environment whilst
minimize the reliance on conventional mechanical equipment to achieve it. So the approach eco-building
criteria is as the followings :(1) trying to use the healthier green building materials, creating a higher
standard of air quality. (2) Increasing the "energy efficiency” of their home, reducing the carbon dioxide
emissions, control its emission concentration under 1000ppm. 3 Control the concentration of Particul ates
under0.15mg/m°. (4) The humidity would cause mold and growth, and the rains would eventually enter
the structure and cause problems. So Design the ventilation system to maintain the indoor relative
humidity between 40% and 70%; temperature should be controlled between 17-27°C,and different
standard in winter from in summer; Medium efficiency pleated air filter with minimum 10% ASHRAE
average dust spot test. 5 noiseiscontrolled under 50dB. 6 When the sun shines, you take advantage
of it; otherwise, the added insulation will only make the house more efficient in both cooling and heating.
So sun shines/per day isabove 3 hours. 7 having sufficient lighting apparatus.

Among these seven items, the most important item is the first one. Referring to how to use the healthier
green building materias, creating a higher standard of air quality, the Ministry of Construction and the
China State Quality Supervision-Inspection-Quarantine Administration (SQSIQA) have promulgated and

enacted the code for indoor environmental pollution control of civil building engineering (GB
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50325-2001). When we design an eco-building in China. The indoor pollutants such as Radon, benzene,
ammonia, TVOC and so on should meet standards listed in table 1.

Tablel Concentration limitsof indoor pollutantsfor civil building engineering

Pollutant Civil Building Engineering Group | a | Civil Building Engineering Group Il b
Radon (Bg/m®) ¢ < 200d < 400
Releasedformgldehyde < 0.08 <012
(mg/ m°)
Benzene (mg/ m®) < 0.09 < 0.09
Ammonia (mg/ m®) <02 <05
TVOC (mg/ m®) e <05 < 06

Note: a. Group | - residential apartments and houses, hospitals, old age homes, kindergartens, schools and,
b. Group Il - office buildings, shops, hotels, entertainment halls, bookstores, libraries, galleries,
gymnasiums, public transportation waiting rooms, restaurants, barber shops. c. Bg (becquerel): One Bq
corresponds to one disintegration per second. d. Except for radon, background concentration of the other
outdoor air pollutants shall be measured. e. TVOC: total volatile organic compounds.
The other Chemical pollutants such as CO, CO,, O3, PM 10 and Microorganism pollutant: total bacterium
counter (cfu) should be 100% up to the standard GB/T18883-2002, which listed in table 2:

Table2 Concentration limitsfor indoor air pollutants (GB/T 18883-2002)

Name of Pollutant Unit Concentration Remark a
Sulfur dioxide (SO,) mg/m® 0.5 Hourly average
Nitrogen dioxide (NO,) mg/m® 0.24 Hourly average
Carbon monoxide (CO) mg/m® 10 Hourly average
Carbon dioxide (CO,) ppm 1000
Ozone mg/m® 0.16 Hourly average
Inhalable particul ate matter mg/m® 0.15
Bacterial total cfulm® 2500

Note: a. Daily concentrationsif not specified otherwise.

About the item 4, that is, Physica pollutants is also important, temperature, RH, air velocity in
eco-building design should be according to the criteriain the following table 3:

Table3 Parametersfor air-conditioned or heated indoor environment

Temperature Winter 16-24

) Summer 22-28

. . Winter 30-60
Relative humidity (%) a

Summer 40-80

Air velocity (m/s) <0.3

Note: a No limits for the humidity of the sites without air conditioners.

The last but not the least is to control the indoor acoustics under 50 dB. Controlling the indoor lighting
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above 300 lux. The following we mainly talk about the indoor environment pollutant.

3 Srategies

Under the guidance of the design criteria, we should find control strategies to fulfill the eco-building. The
most important strategy is using the comprehensive assessment software tool to evaluate the main
influence factors and its impact on human health, comfort and productivity in indoor environment, to
predict the concentration and exposure rules in certain times, to conduct a performance analysis about
how efficient its pollutants emission control, how efficient the control and improve measurements are. If
we find the assessment result isn’t as good as we wanted. We will find another important strategy, which
is source control to fulfill the eco-building.

3.1 Mode Control

We use indoor air quality (IAQ) comprehensive assessment software tool named IAQ-SRIBS of the
eco-building to analyze whether abuilding is areal eco-building or not. It includes the assessment of
comprehensive environmental impacts and the database of Shanghai local meteorology, building materials
and construction properties, as shown in Fig.1. This mode control strategies combines the use of
round-predict and improve measurements, as shown in Fig.2.
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In the software tool, we also consider eco-building's loca cite, the climate and meteorological, basic
characteristic description of the building (build age, building scale, building direction, materials of
construction, the numbers of the room or office, ventilation system and maintenance, hygienic facility,
heating and cooling system, outside environmental condition around the building) and high and the use of
environmental design principles. The Assessment Result Sheet mainly displays the result of the

assessment of a eco-building using IAQ-SRIBS software tool, as shown in Fig.3.
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Fig-3 Themeteorological Database and the building materials s database and result sheet

If the assessment result isn’t obey the standard, we will do some improving measurement and assess again
until its got a high score.

3.2 source control

However from a rational perspective, contaminant source control is the most effective general means to
improve |AQ. Aswe known, many building

Material such as wood-based panel and finishing products, solvent coatings for woodenware, interior
architectural coatings, adhesives, wood based furniture, wallpapers, polyvinyl chloride floor coverings,
carpets, carpet cushions and adhesives, concrete admixtures, and radio nuclides are al having harmful
substances, TVOC, HCHO and so on. Now SQSIQA(Ministry of Construction and the China State
Quality Supervision Inspection Quarantine Administration enacted compulsory national standards for
limiting harmful substances in those ten kinds of indoor decorative materials(GB18580 18588- 2001,
GB6566-2001). So we can control contaminant source according to those standard.

3.3 Other control strategic

Above is the most efficient ways to fulfill the eco-building. There is some other control strategic. The
following is some of them:

e Developing environment functional materia and technology. We can use some environment

411



functional materials and technology such as electromagnetic shielding materias, green electronic
joining materials, eco-building materials etc.

e Medium efficiency pleated air filter with minimum 10% ASHRAE average dust spot test.

e Control building's humidity and temperature. Walls need to be protected by wide eaves, foundations
need to be high and dry, and the walls should be breathable so they don't gain moisture and hold it.
Incorporates as much thermal mass material (tile, brick, rock, etc.) as possible inside the house to help
stabilize temperatures.

e Natural ventilation. We'd like to build using those figures to capture as much wind as | can to flow
through the house. Wind catching towers can be employed, to direct the wind into the house.

e Balance the amount of sunlight that is allowed to enter the house and be stored in the thermal mass
with the particular climate where you are. Orient the house to catch some of the winter sun, but with
shades to exclude the summer sun.

4 Conclusions

When we want to design a eco-building, especially we want to fulfill the high quality of indoor

environment, to decrease indoor pollutant’ simpact on human health, to improve comfort and productivity,

it's very important for us to choose the materials according to our enacted related criteria , such as

GB/T18883-2002,GB50325-2001, GB18580 18588- 2001, GB6566-2001 and so on. The most

important thing is we should chose a software tool such as IAQ-SRIBS to evaluate the whole situation of

the eco-building pre-construction, constructing and after-construction, in order to modify the design and
material choosing at any moment, of course, we should consider local climate and meteorological, basic

characteristic description of the building into software.

REFERENCES

[1]GB 50325-2001, Code for Indoor Environmental Pollution Control of Civil Building Engineering

[2]GB/T 18883-2002, Indoor air quality standard,

[3]GB 18580-2001, Indoor Decorating and Refurbishing Materials- Limit of Formaldehyde Emission of Wood-Based Panel
and Finishing Products

[4]GB 18581-2001, Indoor Decorating and Refurbishing Materials- Limit of Harmful Substances of Solvent Coatings for
Woodenware

[5]GB 18582-2001, Indoor Decorating and Refurbishing Materials — Limit of Harmful Substances of Interior Architectural
Coatings

[6]GB 18583-2001, Indoor Decorating and Refurbishing Materials - Limit of Harmful Substances of Adhesives

[7]1GB 18584-2001, Indoor Decorating and Refurbishing Materials - Limit of Harmful Substances of Wood Based Furniture
[8]GB 18585-2001, Indoor Decorating and Refurbishing Materials - Limit of Harmful Substances of Wallpapers

[9]GB 18586-2001, Indoor Decorating and Refurbishing Materials — Limit of Harmful Substances of Polyvinyl Chloride
Floor Coverings

[10]GB 18587-2001, Indoor Decorating and Refurbishing Materials - Limitations of Harmful Substances Emitted from
Carpets, Carpet Cushions and Adhesives

[11]GB 18588-2001, Limit of Ammonia Emitted from the Concrete Admixtures

[12]GB 6566-2001, Limit of Radio nuclidesin Building Materials

[13]China Sustainable Development Report (1997)

[14]Nie, M.S. Qin, Y.G Jiang, Y. (2001) China Ecological House Assessment Guide

412



IAQ-SRIBS

IAQ-SRIBS

413



*1 2 1 1

1 200032 2 200092

ABC
Abstract Controlling the acoustic environment in an eco-building is a life cycle strategy from the site
selection to the usage of the building. Different strategies were used in the first demonstration
eco-building in Shanghai to improve indoor acoustic environment quality, including the outdoor noise
attenuation, indoor noise insulation, equipment noise control and functional acoustic design.
Key words Eco-building, Building Acoustic Environment, Natural Ventilation, ABC Rule.
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Research on Assessment Method of Environmental Performance of Building Systems

Yu Likui, Zhang Guogiang and Yang Lina
(College of Civil Engineering, Hunan University)

Abstract The assessment is the basis of improvement of environmental performance of building systems,
and is akey procedure in the implementation of green building from theory to practice. As an assessment
should be carried out in certain range and on certain basis, this paper proposed an assessment method
which is based on actual development level of building technology, and defined an objective concept of
Environment Index (EI), which can figure the comparative performance of environmental performance of
building systems. Compared with traditional assessment methods, this method expresses the status of
environmental performance of building systems more precisely, needs not rectify the benchmark
frequently in different situations, and is more suitable for the research of building sustainable
development.

Keywords building system, environmental performance, assessment method, assessment based on
development status, environmental performance index
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Analysis and Study of Indoor and Outdoor

Air Pollutants beside the Trunk Road
ZHANG-Daofang, HUANG-Xiaojing, YANG-Xiaoyan, LIU-Jianbing,
WENG-Jun, SHI-Xuefei, WEI-Yu
(Department of Environmental Engineering, University of Shanghai for Science and Technology, 516
Jun-Gong road, Shanghai 200093, China)
Abstract Theindoor and outdoor air pollutant concentrations beside two trunk roads in Shanghai were
measured in this paper. The air pollutants measured were TSP, PMo, CO, CO,, NO,, formaldehyde
(HCHO), benzene, toluene and xylene. The indoor and outdoor air pollutants and the correlation
between them were analyzed. Then study on the diurnal cycles of outdoor and indoor concentrations. It
is shown that: the level of indoor pollution beside the trunk road lies on the flow and the type of
vehicles.
Keywords thetrunk road; indoor/ outdoor (1/O); air pollutants
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Biomarkers and Application for Health | AQ Assessment

Abstract At present biomarker detecting is one of the most popular prevention and
diagnoses methods for detecting the factors that affect the health. This paper introduces the
methods to determine the main pollutant indicators for indoor air, and the research proceed
of the representative biomarkers, such as formaldehyde, benzene and Radon. Also the paper
discusses biomarkers application for indoor air quality health risk assessment.

Keywords biomarker, indoor air quality, health, effect,
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200032

Research on the Indoor Lighting and Acoustic Quality in the Ecological
Residential Buildings
——indoor lighting and acoustic requirements analysis according to the “Ecological Residential
Buildings Guidance manual of Shanghai”
(Shanghai Research Institute of Building Sciences, 200032)
Abstract The construction and assessment of ecological residential buildings are new topics for the

researchers in related fields. So we should renew or amend this guidance manual with the developing of
our research work.

Key Words indoor lighting environment; indoor acoustic environment; ecological residential buildings
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Research on Modeling Method of Environmental Performance of Building Systems

Zhang Guogiang Yu Likui and Liu Tingting
(College of Civil Engineering, Hunan University)

Abstract Environmental performance modeling is essential to research and assessment of environmental
performance of building systems. After reviewing the existing modeling methods, a new method, which
defines the weights of various environment impacts basing on experts questionnaire and Analytic
Hierarchy Process (AHP) method, were proposed. Equivalence of various impacts were calculated basing
on global and national emission gross of different pollutants and the weights calculated. All the
influencing factors were unified to a general basic environmenta influencing unit, “black point”, which
expresses the environmental performance of building system directly and precisely and makes the
integration of building system’s environmental performance smoothly.

Keywords Building systems, environmental performance, modeling method, direct integration, Analytic
Hierarchy Process (AHP)
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1. INTRODUCTION

Sustainable buildings can contribute to deliberate lives that are less demanding on the earth’s resources.
However, environmental and energy conservation should not be the only issue that is to be considered.
Instead, it involves interrelated issues including social, psychological, economical, technical, ecological
and cultural. These issues should be addressed at al stages of a building development, starting from
design to demolition stages, which aimed to improve environmental and building performance through
good designs, construction, maintenance and management. Use of sustainable building assessment tools
could evauate the performance of buildings across a broad range of considerations and provide guidance
on making the decisions. Adoption of sustainability assessment tools help bring sustainability into practice,
and can inform designers and clients at all stages of design and development, including comparison of
project options. At the end, aesthetic, innovative, harmonised and sustainabl e buildings are created.

This paper describes the key features of the current building assessment schemes and their merits or
deficits as viewed by the scheme users. Case study in China is also presented to highlight the
achievements and benefits bring for adopting the building assessment scheme in rea projects.

2. EVOLUTION OF BUILDING ASSESSMENT SCHEMES

The building industry will be increasingly scrutinized and required to develop approaches and practices,
which address immediate environmental concerns and adhere to the emerging principles and dictates of
sustainability. Within this context, it will become increasingly important to understand how well or
poorly buildings are performing, to be able to communicate this performance to building users and to
benchmark progress in improving performance. Building environmental assessment methods have
emerged as a way to evaluate the performance of buildings across a broad range of environmental
considerations against an explicit set of criteria.
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Until the release of the Building Research Establishment Environmental Assessment Method (BREEAM)

in 1990 little, if any, attempt had been made to establish an objective and comprehensive means of

simultaneously assessing a broad range of environmental considerations against explicitly declared

criteria and aso offering a summary of overal performance. Before then building environmental

performance was largely discussed in terms of alimited number of individual criteria such as energy use,

thermal comfort or lighting conditions.

The field building environmental assessment has matured remarkably quickly since the introduction of

BREEAM, and the past twelve years has witnessed a rapid increase in the number of building

environmental assessment methods in use world-wide. Many countries either have, or are in the process of

developing domestic assessment methods. These methods reflect a combination of:

e The interests and priorities of the agencies/stakeholders responsible for the sponsorship and
development of the method.

e The collective level of understanding about environmental issues a the time of method's
development.

e The capahilities of the building design and development community at whom the method is directed.

With the exception of the initial version of the Building Research Establishment Environmental

Assessment Method (BREEAM) for New Office Buildings released in 1990, existing methods have drawn

on the collective knowledge and experience of other systems. Some, such as the Hong Kong Building

Environmental Assessment Method (HK-BEAM) and BREEAM-Canada, have adopted the scope and

structure of BREEAM but customised the performance criteria for the new regional context. Others, such

as the proposed Comprehensive Assessment System for Building Environmental Efficiency (CASBEE) in

Japan have drawn selectively from GBTool and other systems, yet are set within a conceptually different

framework.

Whereas the term assessment “method” relates to a tool designed to assess the environmental merits of a

building, an assessment “scheme” or “program” relates to a suite of tools/versions covering different

building types and support materials. BREEAM in the UK, HKBEAM in Hong Kong and the Leadership

in Energy and Environmental Design (LEED™) program in the US, have now matured into schemes that

offer assessments for a variety of building types operating under the same “brand” name.

Review has been conducted to examine several existing building environmental assessment methods. The

primary objective is to evaluate the characteristics of these methods/schemes and identify their key

characterigtics, strengths and weaknesses, which help to determine the key elements for the success of an

assessment scheme.

2.1 General Characteristics of an Assessment Method

An assessment method consists of three major components:

o A declared set of environmental performance criteria organised in alogical fashion.

o Theassignment of a number of possible points or credits for each performance issue that can be
earned by meeting a given level of performance.
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¢ A means of showing the overall score of the environmental performance of a building or facility.
This can be a profile, asingle aggregate score, or both.

2.2 Characteristics of existing Building Assessment Schemes

Each building assessment method has its own characteristics and serves for different purposes. The

following summarized the strengths and weaknesses including criticisms and limitations of those

assessment methods reviewed. Since some of these assessment methods are still at their early stages of

development, it is not possible to review all the methods to the same level of extent.

GHEM China [1]

The scheme relates to Chinese performance standards and to a set of design guidelines; stringent

requirements for pre-requisites; and it uses simple rating system that without explicit weighting system.

It is too early to ascertain the success of the program. However, it only relates to residential projects;

doubtful credibility since the developers are the sponsors for the assessment and labelling; and there is not

clear definition for the degree of severeness for unsatisfied prerequisite requirements.

BREEAM (UK) [2]

BREEAM was the first and remains to be the most long-lasting amongst all existing building

environmental assessment methods; From now on, there are more than 25% of new office buildings have

been assessed, as claimed by BRE; It has become a distinct and important “brand name” within the UK

building industry, which receive enormous and widespread coverage both in the UK and internationally;

However, the take-up of BREEAM for assessing existing buildings is considerably less popular than for

new projects and there is no public registry or disclosure of the projects that have had a BREEAM

assessment. As aresult, there is criticism that BREEAM acts as a barrier for their application in practice

since it often require a well-advanced project design to be assessed.

LEED™(USA) [3]

LEED™ has very simple and straightforward structure; It is very transparent as it operated by the USGBC;

It gains sheer volume of interest and support from the architectural and engineering design community.

LEED™ draws on and involves input from the diverse membership of the US Green Building Council and

its success derives from support that educates the building industry on environmental issues and

encourages acceptance in private development/design industry. Over the past three years, more than 1,000

projects were registered under LEED and there are few hundredsin the process of certification.

However, there are concerns that some credits are shaped too much by industry interests; It is not easy to

understand the basis upon which the points allocation and The assessment mixes construction process,

management issues and design performance issues. Further, it is expensive, time-consuming process.

NABERS (Australia) [4]

It uses simplified self-administered questionnaire approach carried out annualy with or without the need

to hire independent assessors; and It provides performance assessment results as early as possible. The

most important, there are government initiative to support the industry;

Though it is too early in the development and implementation to fully gauge NABERS's success, severd

concerns regarding the framework and implementation issues have been raised by the Property Council of
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Australia: It is not sufficiently tuned and not flexible enough to respond and adjust to other regional
intricacies in Australia; It heavily loaded to factors dependent on the lifestyle choices of the building
occupants; and it provides little or no encouragement for building designers, builders and/or owners to
improve that part of the built environment that they do have control over.

GBTool (Canada) [5]

GBTool has the most comprehensive framework. It uses a consistent measurement scale for al criteria; It
has introduced absolute performance indicators to complement the relative scores;It normalises some of
the key environmental measures for both area and occupancy; It is good basis for further international
developments as it represents a relatively good consensus between 14 countries.

GBTool was not designed as a market place assessment tool and would have to be changed considerably
to make it so. In its desire to provide a comprehensive assessment more than 90 individual performance
assessments are necessary — requiring time and effort on the part of the assessment team and the four
levels of weighting necessary to summarise the performance results significantly compromises confidence
in the overall result; It assesses only “potential” performance and assessment principles for many of the
individual criteria are quite subjective. Sensitivity analysis has shown that assessment results are
extremely sensitive to changes in the weighting system; The most important There is lack of
documentation.

CASBEE(Japan) [6]

CASBEE introduces the concept of Building Environmental Efficiency as the means of summarising
overall building performance. This approach provides a conceptualy different way of describing
performance and sets the discussion within the notion of “efficiency”; CASBEE is planned as a
coordinated suite of tools directed at providing design guidance and performance assessment; the
assessment is organised as a staged approach; and it uses a variety of different output formats, providing
the opportunity to tell different “stories” about a building’ s performance.

It is too early in the development and implementation to fully gauge CASBEE'’s success or how it will
handle different building types. Although the notion of building environmental efficiency represents a
powerful conceptua shift, it is unclear at this stage if the wider public will be able to make sense of the
performance results presented in this way.

EMGB (Taiwan) [7]

EMGB assesses the least number of performance criteria - the most recent version of the program assesses
9 environmental criteria; the scheme only assesses the well-established performance criteria that are
guantifiable which somehow help effective administration; and there is support from the Government.

It istoo new to ascertain success and whether it is comprehensive enough. However, it is a single version
of assessment for all buildings over Taiwan, which may not be able to reflect regiona differences. It only
assesses the well-established and quantifiable performance criteria, the non-quantifiable issues like social
and economic issues had been intentionally been omitted which will lead to some gapsin coverage
Eco-Quantum (Netherlands) [8]
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EcoQuantum is the only method that is explicitly and comprehensively based on Life-Cycle Assessment;
It assesses the environmental burden of a complete building on the basis of LCA; It is easy to use and has
extensive database with the most commonly used materials and products.

EcoQuantum is qualitatively different from the other assessment tools in that it is not a comprehensive
assessment method; It is only applicable to single residential buildings.

SPeAR® [9]

SPeAR® is the only existing assessment method that attempts to characterise the performance from the
perspective of sustainability; SPeAR® uses a “rose-diagram” graphic output, it assesses both positive and
negative impacts; and it is a universal tool that appliesto all types of buildings

SPeAR® can make assessments of sustainability because it does not deal with comparing the performance
against other projects; It has only been used within the context of Arup’s and has not been presented or
scrutinized by the wider community; and It required a trained assessor to develop an assessment method
to address the issues.

HK-BEAM [10]

HK-BEAM has provided evidence of issues associated with the environmental improvement of buildings
in Hong Kong; It relates to local standards and requirements, HK-BEAM was initiated by the private
sector and has the support of the Real Estate Development Association (REDA). HK-BEAM is aso
supported by bodies representative of industry including the Provisional Construction Industry
Coordination Board and the Construction Industry Task Force. HK-BEAM has also gained support from
areas of Government over time. Government remains the biggest single user of HK-BEAM
(commissioning over 25% of assessments), with HK-BEAM requirements included in the development,
design and construction briefs of many of the projects assessed. Until now, 89 premises (covering over 50
million ft2 of floor space) have so far adopted HK-BEAM. 40% of these are existing buildings (the
application of other schemes reviewed to mainly new buildings is rightly considered a weakness in the
report). HK-BEAM isalso exceptional in assessing new buildings “as built” rather than “as designed”.
Despite having a fairly long presence, relatively few buildings have been assessed using HK-BEAM and
criticisms suggest that it places too great an emphasis on building systems performance. The assessment
process is not transparent; and It addresses items for which there is good evidence of the environmental
problems they cause, and for which effective performance criteria can be define, which the non-
guantifiable issues like social and economic issues had been deliberately

2.3 Key element to success

Based on the international scheme review conducted, it found out that the status of development for the
building environmental assessment methods varies in a great extent. The mgjority of assessment methods
reviewed only have a few years of development history, with BREEAM being the most long-lasting
building environmental assessment method. Some of the assessment methods, like the CASBEE and the
China's Assessment Handbook for Ecological Residential Building, are still at their early stages of
development. The longevity of the assessment scheme in the market may indirectly demonstrate its

acceptance.
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The findings of the review suggest that there are some key elements that could lead to the success of a
building assessment scheme. Simplicity, practicality and cost in terms of both undertaking an assessment
and maintaining the system are considered critical requirements for successful market-based schemes.
2.3.1 Support from al parties

From the experience of BREEAM and LEED, it is found that support from all parties is vital for the
success of an assessment scheme. Government, developers, designers and all other building professiona
should be involved. Education and awareness raising is considered as one of the important steps for
gaining supports from all parties.

2.3.2 Public recognition

Publicity places an important part in leading to the success of an assessment scheme, which can be proven
by comparing the adoption rate of BREEAM and LEED relatively to HK-BEAM. If the scheme or the
certification achieved is recognizable by the professionals locally and internationally or even by the
general public, it could be used as a marketing tool as well as a decision-making tools for building users.
It could also serve as an educational tool to promote the need for green / sustainable buildings.

A well-publicized scheme should be a system that enables the designer/ developer to express design
objectives and expedite their design process and let the users know how their buildings will function over
time. In addition, the building labelling scheme can be made use by the building purchasers, renters or
users to know the building environmental performance explicitly. The current building price setting
method is wholly controlled by the developers, bankers and real estate professionals. The small flat
owners or users do not have the real capacity to set their property price, but is controlled by the controlled
market price. The price of a building is mainly restricted by several physical and subjective factors,
which are building age, view, decorating materials, facilities provided, etc. Genuine building
environmental performance is an important factor that affecting the performance of buildings and users,
but currently not considered in the price of a building. The building purchasers, renters and users are
inevitably sacrificed for having a genuine improvement of building environment, and the associated
sustainability benefits. What the building purchasers, renters and users received are mainly on short-term
benefits only. Long-term benefit is not secured by the current practices.

2.3.3 Affordable assessment cost

It has been emphasised that the cost of assessment would be an influential factor for the success of an
assessment scheme. The cost of assessment would, indirectly, determine its scale of adoption since
only large developers would be financially capable to undertake the assessment if its cost is high. If
the assessment cost is too high, it is just an example of how the small firm is being squeezed. The
cost and time involved in obtaining a certified designer is usually a luxury reserved for the larger
firms.

2.3.4 Credibility of administrators

Most of assessment methods are mainly implemented and operated by the scheme developers, which are
usually privately owned. Accreditation for the buildings were by the privately owned organization and
some of them accredited their assessors by providing training courses. Only the Evaluation Manual for
Green Buildings in Taiwan and the NABERS are operated or implemented by the Government. Mgjority

of the existing assessment methods are voluntary and market-based schemes, which make them with no
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authority power and may limit the wider adoption of the scheme. Indeed, it is important to have a
creditable administrator to encourage wider adoption and effective use of the assessment scheme.

2.3.5 Objective of schemes

Origins and intents for various assessment schemes for buildings differ from tools intended for use at the
design stage to post occupancy evaluation tools. Very few systems make a clear distinction between
environmental performance based on inherent properties of the building and performance resulting from
the operation of the building [11]. Scheme with clear objective is more receptive to the market.

2.4 Building Assessment Schemesin Hong Kong

Building environmental assessment methods are typically designed, either implicitly or explicitly, for the
particular context that they will operate. The unique high rise, high density built environment in Hong
Kong made it a necessity for a tailor-made assessment scheme for determining the environmental
performance of buildings locally. The introduction of HK-BEAM and SPeAR® in Hong Kong have
provided some evidence of issues associated with the environmental improvement of buildings within the
market-orientated building industry. The on-going Study initiated by the Buildings Department (BD) of
the Hong Kong Specia Administrative Region in 2001 to draft a Comprehensive Environmental
Performance Assessment Scheme (CEPAYS) for buildings in Hong Kong is targeted to serve as a unified
yardstick for a common, comprehensive assessment scheme for buildings in Hong Kong. The ultimate
goal for developing CEPAS is to raise the environmental standard for buildingsin Hong Kong.

3 CASE STUDY: APPLICATION OF ASSESSMENT SCHEME IN CHINA

It is important that the benefits of adopting or complying with building environmental assessment
schemes be clearly articulated and communicated to the various stakeholder groups. As a project with
high commitment to sustainable design, the Xihu Tiandi in Hangzhou, China has been undergoing the
process of gaining the LEED (Leadership in Energy and Environmental Design) Rating.

Hangzhou Xihu Tiandi is a retail development composed of new and refurnished buildings with a semi-
opened courtyard. The development is situated on the south-side of West Lake, which is famous for its
historic culture and natural beauty. Accommodating sustainability is one of the profoundly notions for the
development. The project is about cherishing the old, embracing the new, and the sustainable
development of Hangzhou's three key assets: its Culture, Nature and West Lake. Sustainable system
designs such as earth ventilation system, radiant cooling and heating system, photovoltaic system and
exhaust heat recovery system have been applied. It has also been accepted as the pilot project for the
newly released LEED™ Core and Shell Scheme. As a pilot project, Hangzhou Xihu Tiandi will be in the
vanguard of not only Chinese building projects but also international building projects. It is hoping that
the project’s exceptional performance and continued leadership in the Chinese marketplace could act as
the catalysis to bolster the demand for green buildings, especially for commercial buildings, in China. By
undertaking LEED as the assessment, improvements and benefits has been demonstrated via:

e Identifying success at meeting an expected level of building performance in a number of declared

environmental criteria.
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e Providing clear guidance on the environmental strengths or deficiencies of a building that can offer
feedback to an evolving new design or be used by building owners to identify priorities for future
administration measures, building retrofits, etc., which can help keep a property current within a
changing marketplace.

e Providing building owners a means to communicate to prospective tenants the inherent environmental
qualities of the building they are leasing and, in a more general sense, provide a valuable tool for
improving public awareness of these important matters.

The integration of the energy saving and innovative features require the coordination among all parties,

including design architect, architect, engineers, project management team, contractors and other related

parties. It is important to ‘educate’ the whole project team and respective parties for the LEED concept
before commencement of work. Efforts have also been placed in resolving the cultural and code
implications.

Continued improvement on the sustainability performance of the development has been conducted.

Design strategies are refined through the whole process of design stage and the scoring form and project

history are being updated periodicaly to reflect the situation. The strategies and requirements are

identified and included in the construction documents and specifications and be incorporated in design

development.
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Figure 1 Schematic Diagram for the Conceptual design for sustainable system in Xihu Tiandi

By creating a unique attraction around Culture, Nature and the West Lake, and by embracing Sustainable
Development as a unifying theme, Xihu Tiandi will help Hangzhou secure its place in the global tourism
market. In the process, it is the project team’'s aim to demonstrate that society can maintain a balance
between human habitat and natural habitat, preserve the past while embracing the future.

4 CONCLUSION

As designers, developers, and place makers, we have a responsibility to future generations to keep this
planet alive long after we are gone. Environmentally responsible site planning, building design,
construction, and operation is fundamental to and indivisible from conserving the finite life sustaining
resources of this planet. Social sustainability is all about considering the impact of a project on society,
communities and ‘users' that enhances the quality of lives. Some areas of relevance to a sustainable future
from an economic perspective economic perspective including Whole Life Cycle assessments,

environmental evaluation, green accounting, sources of funding and etc. Building assessment schemes not
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only help to justify the sustainability performance of buildings by providing a standard for measurement,
but also promote the practices of green or sustainable building designs within the building industry. There
are al'so on-going researches demonstrating building assessment schemes could facilitate positive results
for the environment, occupant health and especially the financial return [12]. It is essential for everyone to

act and transforming the marketpl ace!
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The Preparation and Application of Reclaimed Aggregate material Concrete
Shi zhong Yi, Li  Yang
(Shanghai Research Institute of Building Sciences)

Abstract Dueto the urban renewal, a great of waste building materials from the pulled down old houses
polluted the environment serioudly. This paper approached the technology of reclaimed aggregate material
as the replacement for the natural aggregate and the mixture as the replacement for the cement to prepare
the reclaimed aggregate material concrete(RAM concrete). This paper aso introduced the application of
the RAM concrete.

K eywor ds reclaimed aggregate material ; mixture; reclaimed aggregate material concrete(RAM concrete);
abandoned concrete block

1
30%~40%
4000 t
80%
1t 0.25t
CO, SO, NOx 1t
1 2

3
2
21

1
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(MPa) (MPa)
(h:min) (mm) (%) (%) 3d 28d 3d 28d
P 0425 218 331 0.8 6.2 23.8 214 | 471 48 8.9
2.2
2
2
%
(g/cm®) (m?/kg) 7d 28d %
S95 29 432 83 120 104
2.3
3
3
% %
105 105
2.4
80%
4
4
% % (g/lem®) (glem?) % % %
5~20 2.2 34 2380 1170 50.5 6.4 17.2
GB/T14685 <1.0 <15 >2500 >1350 <47 <20
18.4 2326 1293 444 11.9
GB/T14684 <3.0 >2500 >1350 <47
9.5mm GB/T14685 3.0% 1.25mm
12%
4
25
W=2.6
5 20mm
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2.6

HL-2A LEX-9H
3
5
5 (kg/m?®)
MPa
mm R7 R28 R60
GROO1 | 158 748 0 1033 0 6.6 195 411 | 603 | 66.9
GRO02 | 174 748 0 517 517 6.6 195 350 | 479 | 536
GRO03 | 186 748 0 0 1033 6.6 175 310 | 406 | 446
GRO04 | 208 374 374 1033 0 6.6 190 296 | 410 | 410
GROO05 | 211 374 374 517 517 6.6 170 262 | 422 | 453
GRO06 | 213 374 374 0 1033 6.6 170 265 | 317 | 331
GROO7 | 191 0 748 1033 0 6.6 40 285 333 384
GR0O08 | 236 0 748 517 517 5.76 77 28.0 30.8 38.6
GR0O09 | 236 0 748 0 1033 5.76 0 229 28.3 30.6
176 kg/m® 185 kg/m® 79 kg/m®
5
1 180+ 10mm
2 50
10.1% 28 20.6%
17.7% 28 32.7%
3 50
31.6% 28 32.0%
20.9% 40mm
28 44.8%
4
5 GRO0O03
175mm 28 40.6 MPa
440 kg/m® C20~C30
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4.1
6 (kg/m®)
HL 2A mm
JK-20 Cc20 192 90 146 62 865 1016 2.38 160
JK-30 C30 185 159 167 72 726 924 557 150
6
1 54 -56%
2 60
3 3R 56 -57%
4.2
C20 C30 63m°> 325m° C20
28 C30 12 C20
160 mm 140 mm C30 150 mm
120 mm
4.3
43.1
7 (28 )
MPa MPa MPa MPa MPa
JK-20 26.4 14.4 2.14 39 1.60x 10* P4 443x 10
JK-30 34.8 315 3.32 4.2 2.96% 10* P8 335x 10
432
C30 C30
8 C30 C30
kg/m® mm MPa MPa MPa
C30 185 160 34.8 315 2.96x 10
C30 173 155 43.0 35.8 3.46x 10
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52

(1]
(2]

a A W0 N B

12 kg/m® 6.9

28 19.0
12.0
144
50%
2002 4
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TECECO CEMENTS - Carbonation = Sequestration — Waste Utilization = Resource

A John W Harrison, B.Sc. B.Ec. FCPA.

Abstract Around 26 billion tonnes of CO, are released to the atmosphere annually, around 20 billion
metric tonnes of which is from the burning of fossil fuels and a significant 2 billion tonnes from the
production of Portland cement. Given the huge size of the built environment, tec-eco and enviro-cements
represent a novel new method of reducing emissions or sequestering large amounts of CO; as calcium and
magnesium carbonates in bricks, blocks, pavers, mortars and other building materials.

Over two tonnes of concrete are produced per person on the planet per annum, representing and enormous
opportunity to not only do a lot about global warming but to also utilize solid wastes for their physical
property rather than chemical composition in cementitious composites with improved properties.

This paper discusses the potential impact on sustainability of the new tec and eco-cement technologies.
Keywords Abatement, sustainable, sustainability, sequestration, CO,, brucite (Mg(OH),), durability,
reactive magnesium oxide, materials, nesquehonite (MgCO3.3H20), lansfordite (MgCO;.5H20),
magnesian, magnesia, reactive magnesia (MgO), magnesite (MgCO;), hydromagnesite
(Mgs(CO3)4(0OH),-4H,0), fly ash, pozzolan, hydraulic cement, Portland cement, concrete, process energy,
embodied energy, lifetime energy, durability, shrinkage, cracking, extract, extraction, permeability,

rheology, emissions, flow, matter, materials, substances, wastes, reduce, reducing, reuse, re-using, recycle,

recycling,.
260 CO, 200 20
( )
CO,
2
CO, (Mg(OH),)
3 (MgCO0s.3H,0) 5 (MgCO05.5H,0)

John Harrison has degrees in science and economics and is managing director and chairman of TecEco
Pty. Ltd. John is best known for the impact on sustainability of tec, eco and enviro-cements. John is an
authority on sustainable materials for the built environment and was a founder of the Association for the
Advancement of Sustainable Materials in Construction. He has been the keynote speaker at many

conferences and is committed to finding ways of improving the sustainability of the built environment.
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Introduction

Eco-cements became known to the world mainly through an article on them in New
Scientists Magazine and a program shown by Discovery Channel (Pearce 2002). There have
been several reasons for the intense interest — the potential lower embodied energy, the
ability of the material to benignly encapsulate a wide range of wastes and the potential for
reduced emissions (tec-cements) and CO, sequestration on a massive scale (eco-cements).
The ability of tec and eco-cements to reduce net carbon dioxide emissions and utilise wastes
are the main subject matter for this paper.

The built environment is our footprint on the globe and probably accounts for around 70% of
all materials flows and of this “Buildings account for 40 percent of the materials and about a
third of the energy consumed by the world economy. Combined with eco-city design
principles, green building technologies therefore have the potential to make an enormous
contribution to a required 50% reduction in the energy and material intensity of consumption
in the post-modern world.” (Rees 1999) Current cement production is over two billion
tonnes per annum which is used to make over two tonnes of concrete per person on the
planet per annum. (USGS 2004)

Global carbon dioxide flows in tonnes CO2 are (Haughton 2004 converted from tonnes C):

.. B Emissions from Fossil Net emissions from  Oceanic Missing
Atmospheric increase = + . - - carbon
fuels changes in land use uptake sink
12.07 (£0.73) = 20.152 (+0.1.83) + 5.86 (£2.56) - 7.32(£2.93) - (6451939)

Unless we want to face climate change on a massive and global scale we must sequester around 6 billion
tonnes of CO, per annum. As we are unlikely to kick the fossil fuel habit until it kicks us the need is
urgent. Now Russia has joined the Kyoto treaty it has come into affect and countries that do not make an
effort to sequester carbon will in due course face sanctions. What better way to sequester carbon than in
our own built environment? TecEco cements mimic nature by sequestering large amounts of carbon
dioxide or reducing output of the gas with the added benefit of utilising wastes.
Basic Chemistry

TecEco cements include in their formulation reactive magnesia, a hydraulic cement such as Portland
cement and usually a pozzolan. The Portlandite released during the curing of the Portland cement
component is consumed by the pozzolan to produce more calcium silicate hydrate, a strength giving
mineral or in eco-cements can also carbonate.

When reactive magnesia is substituted for OPC the first noticeable affect is an improvement in the
rheology; blocks go through block machines with fewer failures, mortars spread more easily and stick
better, concretes are easier to place. There are several reasons for this. Principal amongst them are the
fineness of the reactive magnesia which affects particle packing and lubrication and the high surface

charge density of the magnesium ion in solution which attracts layers of orientated water molecules.
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Water is consumed by the hydrating brucite reducing shrinkage, and decreasing the voids paste ratio
increasing strength. A higher short term pH may also contribute to more affective pozzolanic reactions.
More wastes can be included mainly because of the lower long term pH.
TecEco Tec-cements generally contain less than 10% MgO and are more sustainable because they require
less cement for the same strength. In concretes made using them, as for ordinary pc concretes, carbonation
only proceeds to a relatively shallow depth as the formation of magnesium carbonates also results in
greater density and the blockage of pores, which impedes further absorption of CO; into the cement. The
main difference in the longer term is that the equilibrium pH controlled by brucite and CSH is much lower,
reducing alkali silica reaction (ASR) problems but still sufficiently high to maintain the passive oxide
layer around steel rebar deep in the substrate. Durability is improved mainly because of the pore filling
affect, lower pH and lower solubility of Brucite compared to Portlandite.
In the presence of carbon dioxide and moisture inside an eco-cement block or mortar that is reasonably
porous brucite (Mg(OH), carbonates forming hydrated magnesium carbonates such as nesquehonite and
lansfordite and possibly an amorphous phase at room temperatures. Although theories abound it is thought
that there is a gradual desiccation with lansfordite loosing water forming nesquehonite and so on,
particularly in relation to the formation of magnesite which Deelman claims to have solved (Deelman
2003). Significantly, both magnesium and calcium appear to carbonate more readily in porous concretes
made using TecEco eco-cements containing magnesia that in concretes containing only Portland cement
(PC) as the binder.
The silicification reactions of Portland cement are relatively well known and not discussed in this short
paper. Carbonation of both Portlandite and brucite adds strength to eco-cement concretes used for blocks,
mortars and renders and is encouraged for this and sequestration reasons. Calcium carbonates seem to at
least obey Ostwalds law in the sequence of vaterite=>aragonite=>calcite carbonates formed however this
is not the case for magnesium which forms a big range of basic and hydrated carbonates. There are a
number of chemical pathways in which they can form and what favours the more important pathways is
still being determined. The thermodynamics predicts hydromagnesite but more recent work has
demonstrated that for kinetic reasons hydrated carbonates are formed.

Sustainability
Reducing Net Emissions and Utilizing Wastes
“In 1999, construction activities contributed over 35% of total global CO, emissions - more than any other
industrial activity. Mitigating and reducing the impacts contributed by these activities is a significant
challenge for urban planners, designers, architects and the construction industry, especially in the context
of population and urban growth, and the associated requirement for houses, offices, shops, factories and
roads.” (UNEP 2001)
According to the Human Settlements Theme Report, State of the Environment Australia 2001 (CSIRO
2001), “Carbon dioxide (CO,) emissions are highly correlated with the energy consumed in
manufacturing building materials. “On average, 0.098 tonnes of CO, are produced per gigajoule of

embodied energy of materials used in construction. The energy embodied in the existing building stock

467



in Australia is equivalent to approximately 10 years of the total energy consumption for the entire nation.
Choices of materials and design principles have a significant impact on the energy required to construct a
building. However, this energy content of materials has been little considered in design until recently,
despite such impacts being recognized for over 20 years.”
Tec cements reduce emissions by requiring less CO, emitting cement and utilizing a higher proportion of
pozzolans for the same strength development whilst eco-cements set by absorbing carbon dioxide from
the air.
Both tec and eco-cements provide a benign environment in which significant quantities of waste can be
utilised. The shear thinning properties tend to prevent segregation of materials like plastics which is a
problem with Portland cements and the lower pH prevent internal reactions from occuring.
Changing the Economic Paradigm — Converting Waste to Resource.
The widely held view is that sustainable strategies for construction are complex to devise and politically
difficult to introduce. Currently it is more expensive to reuse and recycle than to use newly extracted
resources. There would be a rapid improvement in sustainability if this hurdle could be overcome so that
it was not only cheaper to reduce, reuse or recycle, but the process resulted in superior properties.
The problem is the costs involved. Sorting waste streams and then transporting sorted recyclable materials
back to a location in which they can be used is expensive and tends to make recycled inputs more
expensive than raw materials. Disorder is prevalent for two main reasons; things are made with mixed
materials and the waste collection process tends to mix them up even more.
The current technical paradigm for the recycling process generates separate outputs based on chemical
composition rather than class of property. Costs are incurred and waste generated in separating what is
required from the balance of materials and then transporting to factories that can only use specific waste
inputs.
The TecEco cement technologies provide an inherently more economic process as they change the
technology paradigm redefining wastes as resources (Pilzer 1990). TecEco cements are benign low long
term pH binders that can utilise waste more on their class of property rather than chemical composition,
and therefore reduce sorting problems and costs associated with recycling.
Carbon taxes give the production of CO2 a cost. TecEco cements either reduce emissions or sequester the
gas and should be eligible for credits in a fair system.

Carbonation of Eco-cement Bricks, Blocks, Pavers and Mortars
In TecEco tec-cements carbonation is not desirable if reinforced with steel but desirable otherwise. It is
therefore generally appropriate that tec - cements are dense so carbonation is not driven by loss of water
or access by CO,. With formulations such as eco-cements, carbonation is desirable and is encouraged by
the porous nature of these products. After hydration environments with a high relative humidity and wet -
dry atmosphere seems best with humidity not dropping below 50-60%.
Eco-cements were the first TecEco cements to become known because they carbonate readily and
therefore sequester CO,. With the inclusion of wastes containing carbon such as sawdust or plastics they

are net carbon sinks.
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TOTAL CALCINING ENERGY

(Relative to MgCO3) - Representative of other
Theoretical = 1480 kJ.Kg™ Magnesite* mineral carbonates
With inefficiencies = 1948 including an amorphous
kJ.Kg™! 5§ Nesquehonite phase and lansfordite
Thermal decomposition Carbonation
MgCO3; — MgO + CO» Mg(OH), + CO; + 2H,0— MgCO3.3 H,0
AH = 118.28 kJ.mol”" AH = -175.59 kJ.mol’
AG =65.92 kJ.mol”" AG = -38.73 kJ.mol”
Magnesia Brucig‘
Reactive Hydration &

phase MgO + H;0 — Mg(OH),
AH = -81.24 kJ.mol”'
AG =-35.74 kJ.mol” An alkaline
environment in which
silicates form

Figurel TheMagnesium Thermodynamic Cycle

In porous eco-cement concretes magnesia first hydrates forming brucite and this then carbonates forming
hydrated magnesium carbonates including an amorphous phase, lansfordite and nesquehonite. A
simplified thermodynamic cycle is depicted in Figure 1 but is in reality more complex.

The high charge density of Mg explains why in water polar molecules of H,O appear to line up in layers
around the Mg ion making carbonation other than via a hydrated carbonate difficult if not impossible.
The more important carbonates of calcium and magnesium are listed in Appendix 1 — Calcium and
Magnesium Carbonates on page 475

The XRD traces for a simple block formulation using sand as an aggregate are shown before and after
treatment with HCL used to remove carbonates in Figure2 and are clear evidence that the binder in eco-
cements is a mixture of calcite, lansfordite and nesquehonite, not calcite, hydromagnesite and magnesite
as the author originally thought.

The XRD does not show an amorphous form but semi quantitative XRD indicates a possible shortfall
which may be expressing as the amorphous from commented on by Deelman (Deelman 2003) or have
insufficient lattice order to show up. Further work will include quantitative acid neutralisation to try and
prove this.

The rate of carbonation of both calcium and magnesium compounds depends on the dissolution rate of
Ca®" and Mg”" and partial pressure and transport of CO,. These in turn are influenced by the mix design,
affect of aggregates on porosity and setting atmospheric conditions. Dry mixes as in masonry unit
formulations appear essential and wet dry cycles appear to promote carbonation providing alternatively
transport and reaction media. Well graded aggregates including a coarse fraction are essential. Ideal
carbonation conditions are still being considered, presently 50 — 70% relative humidity and exposure
although wet dry is thought to work best.

The observed products of carbonation in eco-cement blocks are calcite, possibly vaterite, lansfordite and
nesquehonite and all have strength giving properties. In the case of the magnesium carbonates this is
considered to be mostly microstructural due to their shape and interactions with other matrix minerals.

Of the calcium minerals aragonite is the strongest with a hardness of 3.5 — 4. Both calcite and vaterite are
relatively soft with a hardness of 3. Nesquehonite or lansfordite contribute to strength and the reason is

thought to be microstructural as they are not particularly strong with a hardness of 2.5.
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Of the calcium carbonates only vaterite and rarely aragonite are fibrous. Most of the carbonates and
hydrated carbonates of magnesium can be fibrous or otherwise elongated. For example nesquehonite is
prismatic and generally forms star like clusters thought to be a possible source of microstructural strength.
Fibrous and needle like crystal growths add more microstructural strength than more rounded or tabular
crystals such as calcite because of the 3D structures formed.

Calcium silicate hydrates can form elongated growths but commonly have a more granular or tabular
habit. All are harder than Brucite or the carbonates of calcium or magnesium. Harder minerals that form
more quickly tend to have the physical effect of forcing the growth of slower growing softer minerals into
interstitial spaces. It is also possible that the more reformation processes that occur, the more crystals
interlock with each other adding to strength and that the hydroxides and carbonates of magnesium are
compressed adding to strength. According to CANMET, compressed brucite is, for example, as strong as
CSH (Beaudoin J. J. 1977).

The micro tensile strength of the various carbonate minerals in the system are not generally considered
and not known. It is essential this work is done as micro tensile strength is known to have a big impact on
dental cement strengths. The strength development in tec-cements could well be a result of micro tensile
strength in amorphous and crystalline Mg hydrated carbonates acting somewhat like a glue between
stronger minerals that provide the bulk strength.

Lansfordite and nesquehonite are more soluble than magnesite and hydromagnesite which are virtually
insoluble (both with a solubility of approximately .001 g L), however both are more soluble than Brucite
with a solubility of .000154 g L' (Ky, = 1.8 x 10™"") which is virtually insoluble. (See Appendix 1 —
Calcium and Magnesium Carbonates on page 475).

Carbonation starts at the surface and works inwards and can be accelerated by exposure to the weather. It
is generally accepted medium to high humidity is best. Simple experiments performed by the author have
also demonstrated that the presence of accelerators such as iron salts and triethanolamine may accelerate
carbonation. The use of CO2 producing organics such as carbonic acid, EGDA or propylene carbonate are
considered uneconomic and of academic interest only. The use of carbonated steam, carbon dioxide foam
and other substance which release CO, is also being considered.

Masonry units are usually made hollow and due to the manufacturing process they are porous and the
presence of air voids clearly speeds up carbonation. The maximum depth is less that 40 — 50 mm and
averages more like 25 or 30 mm. If a porous aggregate such as bottom ash, scoria or pumice is also added

an even higher internal surface area results further speeding up carbonation.

Reactive magnesia fly ash eco-cements carbonate more rapidly than similar formulations with just
Portland cement. Portland eco-cements carbonate better than Sorel cements. In all cases, carbonation
occurs rapidly only in porous dry mix materials.

Other magnesium cements such as magnesium oxychloride and magnesium oxysulfate take a long time to
carbonate and as reported by Cole and Demediuk (Cole and Demediuk 1955) tend to remain as unstable
oxy compounds, but do eventually carbonate.

Carbonation Volume Changes

Consider the volume changes that occur when Portlandite carbonates to calcite:
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Ca(OH), + CO, — CaCO;

74.08 +44.01 < 100 molar mass

33.22 + gas <> 36.93 molar volumes

Slight expansion. But shrinkage from surface water loss

Consider the volume changes that occur when Brucite carbonates to nesquehonite:

Mg(OH), + CO, + H,0 - MgCO0;3H,;0 + H,O

243+ (g) > 74.77 + (1) molar volumes'

Significant expansion.

The water lost by Portland cement as it shrinks is used by reactive magnesia as it hydrates
negating or eliminating shrinkage.
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Figure2 XRD Showing Carbonates Before and Minerals Remaining after their Removal with HCI in a Simple Mix
(70Kg PC, 70 Kg MgO, colouring oxide .5K g, sand unwashed 1105 K g)

The Extent and Potential of Carbonation in Portland compared to Eco-Cement Concretes

The amount of CO; concretes absorb is dependent on a number of factors.

Porosity is the main factor. Mortars like old fashioned lime mortars must be porous. For this a graded
sand containing coarser particles is essential. Concrete masonry units tend to be more porous as they are
mixed dry. It is important to note that porosity does not necessarily infer inferior quality. There is much to

be said for mortars and concrete masonry units that “breathe”.

" The molar volume is equal to the molar mass of atoms or molar mass of molecules divided by the density.
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Thickness is another key factor - only the outer 35-50 mm (1 %2 to 2") of poured Portland cement and
somewhat less for TecEco tec-cement concretes will absorb CO,. Concrete masonry units and mortars are
on the other hand more porous and not very thick in cross section and will generally absorb CO,
throughout.

Eco-cements contain a high proportion of reactive magnesia. In masonry products such as mortars and
blocks made using TecEco eco-cement, there is a much greater proportion of materials such as reactive
magnesia (and thus Brucite) in the cement component that carbonate and carbonation proceeds to
completion and much more CO; is reabsorbed. A typical eco-cement formulation for masonry products
for example would contain 50 - 85% readily carbonated material in the cement component compared to
20-25% in the cement component of ordinary CMU’s containing Portland cement only. There is therefore
approximately 50 % more carbonation in an eco-cement block compared to an ordinary concrete block.
The carbonation of a typical block formulation containing 15% cement is depicted in Figure 3  The

Carbonation of a Typical Eco-Cement Block on page 472.

On the basis of the volume of building materials
produced the figures are even better!

Portland No Capture | | Capture CO, | | Capture CO,,
Cements 11.25% mass% 11.25% mass% Fly and
Eco-cements in 15 mass% reactive magnesia, reactive magnesia, Bottom Ash
0 3.75 mass% 3.75 mass%
porous prOdUCtS ggi:ggg;emem' Portland cement, Portland cement, 85 11.25% mass% reactive
(] 0 0 ) .
absorb carbon aggregate gg;:;;é’_ mass% aggregate. ?c?r%gisdliesr::nzn%sss%
dioxide from the Emissions Emissions Emissions mass% aggregat‘e.
atmosphere. .25 tonnes to the .
B it P i32 tonr:f:ts to the .37 tonnes to the tonne. After Emissions
A catoraion. | | Emcrien | | Somerimaly a0 | | 225 ommes o hetome
i ation. : Aft bonation.
Carblonates gggrt?)xnlgnea:gl%/he approximately .241 tonne to the tonne. Ap;;;zg]gtg?yl?fm
formmg tonne. tonne to the tonne. tonne to the tonne.
hydromagnesite
and magnesite, s
completing the Greater Sustainability
thermodynamic
cycle. U 299 > 241 >.140 >113
Aggregates Bricks, blocks, pavers, mortars and pavement made
15 wt% using eco-cement, fly and bottom ash (with capture of
Cement CO, during manufacture of reactive magnesia) have 2.65
times less emissions than if they were made with

Portland cement.
Figure3 The Carbonation of a Typical Eco-Cement Block

The calculations do not take into account the use of sustainable energy to produce eco-cements or the
capture of CO; at source as planned by TecEco.

Sustainability Other Than by Carbonation
Superior Strength Development with Less cement and Blended Pozzolans
There are many ways in which sustainability can be improved. It has been demonstrated that tec-cements
which contain a much lower proportion of reactive magnesia develop strength more rapidly from day 0

and continue to develop strength in a straight line at least for 90 days, even with a significant proportion
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of added pozzolans. Increased strength for the same amount of cement is no different to the same strength
for less cement.
Durability
The less often something is replaced the less energy and emissions used to replace it. TecEco cements
have been demonstrated to be much more durable than their Portland cement counter parts.
Waste Utilization

Apart from global warming, the other biggest problem on the planet today is the disposal of waste. The
answer is to convert waste to resource and TecEco have developed cementitious composites that provide a
benign environment suitable for waste immobilization.
Many wastes such as fly ash, sawdust, shredded plastics etc. can improve a property or properties of the
cementitious composite based on their physical property rather than chemical composition.
If wastes cannot directly be used then if they are not immobile they should be immobilized. TecEco
cementitious composites represent a cost affective option for both use and immobilization.
TecEco waste inclusion technology is more suitable than any other means of incorporating large volumes
of wastes. Durability and many other problems are overcome. Reasons include:

e Lower reactivity (less water, lower pH)

e Reduced solubility of heavy metals (lower pH)

e  Greater durability

e Dense, impermeable and

e Homogenous.

e No bleed water

e Are not attacked by salts in ground or sea water

e Are dimensionally more stable with less cracking

10% | Pb(OH) Cr(OH) 3
1 Zn(OH)
100 | Ag(OH)
Cu(OH) 2
) Ni(OH)2
1024 \/ Cd(OH) ,

Equilibrium pH of brucite
is 10.52 (more ideal)*

10-6 ] ] ] ] ] ] ] ]

6 7 8 9 10 11

Concentration of Dissolved Metal, (mg/L)
|
1

*Equilibrium
pH’s in pure
water, no
other ions
present. The
solubility of
toxic metal
hydroxides is
generally less
at around pH
10.52 than at
higher pH’s.

121_13 14
Equilibrium pH of

Portlandite is 12.35*
Figure4 TheLow pH regime of TecEco cements Minimisesthe Solubility of Heavy Metals

Immobilisation Mechanism

473



In a Portland cement-brucite matrix OPC

Layers of takes up lead, some zinc and germanium.
electronically

; The magnesium mineral is mainly brucite
neutral brucite

suitable for although hydrotalcite may form under
trapping some conditions. are both excellent hosts
bal.anced / for toxic and hazardous wastes. Heavy
cations and y Salts and
anions as well other toxic metals not taken up in the structure of
as other \ y and Portland cement minerals or trapped
substances haéardous within the brucite layers end up as
substances
/ hydroxides with minimal solubility. The
. between the - 3
lavers minimum solubility of most heavy metal
/ y y y
[
/ hydroxides is in the pH range governed by
(
/ brucite, not in the pH range governed by
(

Portlandite. There is a 10* advantage.

Figure5 ThelLayersof Brucite Trap Toxic Wastes

The brucite in TecEco cements has a structure comprising electronically neutral layers and is able to
accommodate a wide variety of extraneous substances between the layers and cations of similar size
substituting for magnesium within the layers and is known to be very suitable for toxic and hazardous
waste immobilisation.
Summary

The late great H.F.W. Taylor, perhaps the most pre-eminent cement chemist ever, predicted a need to do
something about global warming and wastes in regard to cement and concrete publicly at least as far back
as 1990 in his address to a Conference on Advances in Cementitious Materials (Taylor 1990) forecast
many changes not only in the way cements are made but in their composition, particularly in relation to
the incorporation of wastes.

TecEco cements are a new innovation that offers sustainability in our own back yards. Tec-cements
promise greater durability than ever achieved before and stronger materials with lower embodied energies
and associated emissions whilst eco-cements are the first construction materials that successfully uses
carbon dioxide and wastes.

As stated by Fred Pearce in the article on eco-cements that was published in the New Scientist “There is a
way to make our city streets as green as the Amazon Forest. Almost every aspect of the built environment
from bridges to factories to tower blocks, and from roads to sea walls, could be turned into structures that
soak up carbon dioxide — the main greenhouse gas behind global warming. All we need to do it change

the way we make cement.”
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Appendix 1 — Calcium and Magnesium Carbonates

Numerous magnesium carbonates, hydrated magnesium carbonates and hydroxide carbonates exist. Mixed Mg-Ca, Mg-Fe Mg-Na etc. carbonates not shown but

numerous. For a list of carbonates see http://mineral.galleries.com/minerals/carbonat/class.htm. For detail see http://webmineral.com

Basic Magnesium Carbonates

Numerous magnesium hydroxide carbonates exist.

Mineral Formula XRD (By Intensity I/Io) | Molecular Hardness Density Solubility AH° reaction | AG® reaction | Comment
Weight MI',  cold | from from
water) hydroxide hydroxide
(kJ.mol™) (kJ.mol™)
Artinite Mg,CO;(OH),.3H, | 2.736(1), 5.34(0.65), | 198.68 2.5 2.02 -194.4 -49.81 Hydrated basic
(0] 3.69(0.5) magnesium carbonate
Hydro Mgs(CO3)4(OH),.4 | 5.79(1),  2.899(0.82), | 365.31 3.5 2.16 .001095 -318.12 -119.14 Hydrated basic
magnesite H,O 9.2(0.39) magnesium carbonate
Dypingite Mg5(CO3)4(0OH)2 | 10.6(1), 5.86(0.9), | 485.65 2.15 Hydrated basic
.SH20 6.34(0.6) magnesium carbonate
Giorgiosite Mg5(C0O3)4(0OH)2 | 11.8(1), 3.28(0.7), | 485.65 2.17 Hydrated basic
.SH20 3.38(0.7) magnesium carbonate
Nesquehonite Mg(HCO3)(OH)-2( | 6.5(1), 3.86(0.9), | 138.36 2.5 1.85 .012937 -175.59 -38.73 Commonly formed at
H,0) or | 2.61(0.7) room temperature and
MgCO;-3(H,0) from Lansfordite
Pokrovskite Mg,(CO3)(OH),-0. | 2.6(1), 2.17(0.9), | 151.64 3 2.51 Alteration product
5(H,0) 6.1(0.7),
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Carbonates and Hydrated Carbonates

Mineral Formula XRD Molecular Hardness Density Solubility AH° reaction | AG® reaction | Comment
Weight M1, cold | from from
water) hydroxide hydroxide
(kJ.mol™") (kJ.mol ™)
Vaterite CaCO;, 2.73(1), 3.3(1), 3.58(1) 100.09 3 2.54 -61.33 Polymorph of calcite
and aragonite
Calcite CaCO;, 3.035(1), 2.095(0.18), | 100.09 3 2.71 .0001399 -69.58 -64.63 Polymorph of vaterite
2.285(0.18), and aragonite
Aragonite CaCO;, 3.396(1), 1.977(0.65), | 100.09 3.5-4 2.93 .00015 Polymorph of vaterite
3.273(0.52), and calcite
Ikaite CaC0;.6H,0 5.17(1), 2.64(0.9), | 208.18 1.78 Forms in cold saline
2.63(0.7),2.8(0.5), marine waters
2.46(0.3), 2.61(0.3),
4.16(0.3), 5.85(0.3),
4.16(0.3),
Monohydrocalci | CaCO;.H,O 4.33(1), 3.08(0.8), | 118.10 2-3 2.38
te 1.931(0.6),2.17(0.6),
2.83(0.5), 2.38(0.4),
2.28(0.4), 1.945(0.3),
Magnesite MgCO; 2.742(1), 2.102(0.45), | 84.31 4 3.009 .001257 -19.55 The most stable form
1.7(0.35) but difficult to make.
Amorphous MgCO;,nH,0 Amorphous Exists in nature and
the lab
Magnesium MgCO;-H,O Does not exist in
carbonate nature
monohydrate
Barringtonite MgCO;-2(H,0) 2.936(1), 3.093(1), | 120.34 2.83 Rare form
8.682(1)
Lansfordite MgCO;-5(H,0) 3.85(1), 4.16(1), 5.8(0.8) 174.39 2.5 1.73 .01009 Commonly forms at

room temperature
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Mixed Carbonates and Hydrated Carbonates of Calcium and Magnesium

Mineral Formula XRD Molecular Hardness Density Solubility AH° reaction | AG® reaction | Comment
Weight M1, cold | from from
water) hydroxide hydroxide
(kJ.mol™") (kJ.mol™")
Dolomite CaMg(C03)2 2.883(1), 1.785(0.6), | 184.4 3.5-4 2.84 insoluble Massive.
2.191(0.5)
Huntite CaMg3(CO3)4 2.833(1), 1.972(0.3), | 353.03 1-2 2.696 Rel. Rare
2.888(0.2) insoluble
Sergeevite Ca2Mgl1(CO3) | 2.82(1), 1.965(0.3), | 1,307.78 3.5 2.27 insoluble Very rare
9(HCO3)4(OH)4 | 2.87(0.3),3.58(0.3),
-6(H20) 7.14(0.3), 1.755(0.2),

3.37(0.2), 2.68(0.1)

Source thermodynamic data for calculation AH® and AG® and reaction from hydroxide: Robie, Richard A., Hemingway, Bruce S., and Fisher, James R.

Thermodynamic Properties of Minerals & Related Substances at 298.15K and 1 Bar (105 Pascals) Pressure and at Higher Temperatures. U.S. Geological

Survey Bulletin 1452. Washington: United States Government Printing Office, 1978.

Source Solubility Data: Data extracted from CRC Handbook of Chemistry and Physics, 74th Edition, 1993-1994 and from Chemistry Web Server at California State
University at http://155.135.31.26/oliver/chemdata/data-ksp.htm valid 01/11/2003
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Polycarbonate Panel

Application and Economic Analysis of Polycarbonate Panel

Wang Xuezhu', Li Yulin? , Zhu Bin', Liao Xiaoyu' and Zheng Shanshan’

(1. College of Architecture and Civil Engineering, Beijing University of Technology, Beijing, 100022,

2. College of Mechanical Engineering & Applied Electronics Technology, Luoyang University, Henan Province,

471023)

Abstract Polycarbonate panel which is called PC panel has been used increasing widely in architecture
engineering in China because polycarbonate panel has advantages of high transmissivity, strong
anti-impact ability and excellent heat insulation, In this paper the applications of the PC panel in building
and modern agricultural greenhouses of China are mainly analyzed. Economic and high energy
conservation effect are illustrated by the example that PC panel is used as a kind of greenhouse-covering
material. By the meantime, It is pointed out that the research on PC panel is still in the preliminary phase
in China, and there are many technologies and performance such as thermalphysical characteristic needed
to be investigated in the future.
Keywords Building technology, Polycarbonate Panel, Greenhouse Energy conservation
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Honeycomb Hollow Panel Multi-wall Panel Corrugated Panel
Film U
2

479



480

°
2.4kg? 1
(]
°
-40 +120 -90 +135
[3l
() 80%
() 630
° 3-4dB
° 175
(]
1
% N/m? W/m.K
89 2940 2.8( ) S
80%
80 10780 0.2
3-4dB
3
PC
[4
PE




10

PMMA PvC PC
PC
10mm PC 1.7 20 / 4mm
PC 20mm
PC 20mm
PC
PC
2
120
80
PvVC 60
10
8 10 10
70%
PC
2
3
89 92
84 85
10mmPC 79 81
10 150 240
6 50
DIN4701 0.1W/m2°C

481

10.0



1.18

1
4
10000m?
5
10mmPC
25
10mm 16mm
_dKx SxT xdt
nxH
K (W -m?- °C
dK K (W -m? °C)
S= m?
T= h
dt= °C
n= 0.5-0.8 0.7
H= kJ kg
10000 m?
6
/m?
[kw] [ ]
3356.4 100 200-300
60-70
3225.1 9 200-300
10mm PC 60-70
2692.8 80 200-300
10mm PC 60-70
10mm PC 2075.6 62 60-70
10mm PC

482




(1]
(2]
(3]
[4]
(9]
6]

6
DIN4701

75
1000

26

2001

12

50

(€]

PC 10
0.1W/m?C 1.18
GE
2000 25500
4 [5]

, 2003, N0.10, pp22-23.
1996,N0.6,ppl5
.,2001.No.1,pp18-19
.2001.No.001, pp20-23
,2001N0.2,pp10-11

,2000.N0.3,pp292-295

483



27.6

2003
3000 5% 1%

GB 11944-2002

A W N P

50-60% 20-25%

25-30%

90%



15mm

U 3W/m?-K U 6W/m-K
50%
1
1
W/m- K
0.84
160
0.024
1
2
W/m- K

LOW-E 0.1-0.2

LOW-E 0.1
0.016
0.168

25%
36%
U 1.6 W/m?- K,
44% 3
3
U

W/m?- K W/m?- K %

1.8 2.1 25%

1.8 1.9 36%

1.6 1.6 44%

2004

485



160 W/m- K 6667 160 1
1990 85%
15% 2000 20%
80%
1 TPS
2
3
4
PPG U TPS
PPG U
1 NFRC
U 0.01 SIGMA
U U 0.01~0.02
SIGMA TR-140-96
2 NFRC
U 0.02
SIGMA U 0.03~0.04
SIGMA TR-140-96
3 NFRC

486



U 0.03 SIGMA
U U 0.04~0.05
SIGMA TR-140-96

100
10 100

487



P1 60°C 140°F
r.h.100% 2500W/cm?
P1 10°F
5
80°F 1
90°F 2
100°F 4
110°F 8
120°F 16
130°F 3?2
140°F 64
P1
/ 24
2
/ 3
6-8
/ 12-18
15-20
25 +
40 +
100 +
6
2-8 12 100

95%

488

20




6
i
i
80%
MVTR
.
MVTR
50
19
12.4
2.25
MVTR 25°C
60°C
60°C MVTR
MVTR 20
/
MVTR
500 600C 60
8

489



% %
3-10 2-6
15 12
50 30
1
> 2 MVTR
iii
U
-40°c
9
/A
3A
4A 4
13X 8.5
20-300
9 3A
3A
4A
75% 3A 25% 13X
3A 4A 3A
4A 3A

90% 80%
1

490




20 80
3A
100
1
2
MVTR

3A

491

P1

,MVTR



2002

20-30

2004

1994

G04

5-15

5%

492

2004

7-10

10



493

10

P1



1. 200032
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Cd Pb Cr

SEM  XRD
ICP

/
Research on valid utilization of Municipal Solid Wastes Incineration Fly Ash as

akind of sustainable resource
YuePeng®  Shi Huisheng?
Shanghai Research Institute of Building Sciences, Shanghai 200032
Institute of Materials Science and Engineering Tongji University Shanghai, 200092

Abstract Disposal of Municipa Solid Wastes (MSW) has become an urgent problem due to the
dramatically increasing amount of MSW accompanying the rapid development of economy and the more
and more crowded large cities in China. The incineration technology of MSW has some distinct
advantages, such as reducing MSW in the volume and weight, and recycling heat energy as well. MSWI
Fly Ash, the product of the incineration, the main components of it are same to that of limestone and clay
in the common cement, however, hazard heavy metals, such as Cd, Pb and Cr which would pollute soil
and groundwater, are aso found in the MSWI Fly Ash. Based on the assume of harmless-disposal and
utilization of MSWI Fly Ash, and by means of research technologies such as SEM, XRD and ICR,
addition with the macro-properties experimental results, the chemical properties of MSWI fly ash were
analyzed; the effects of MSWI Fly Ash on the properties of cement and its use in the cement-based
materials were investigated; the leaching of heavy metals from harden cement pastes were also studied
and discussed. Research showed that MSWI Fly Ash could be immobilized within the hydration phases
and disposed harmlessly by Portland cement. According to its good cementitious activity, MSWI Fly Ash
was predicted to develop into a new cement-based material in construction engineering to realize
utilization of this kind of sustainable resource.

Key words MSWI fly ash; Heavy metal; Solidification/Stabilization; Cementitious activity; Leaching
toxicity; Sustainable resource
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ICAST 1] PLC
Delphi
CJT 95-2000

PLC CJT 95-2000
X703 A

Test investigation of automatic running and monitoring water quality in the

device of water reuse
ZHANG Dao-fang®, WEI Yu ?, LI Jia', SHI-Xuefei, Yu Chong?, HU Jun?
(1. College of Urban Construction and Environmental Engineering, University of Shanghai for science
and technology, Shanghai 200093,China; 2. School of Environmental Science & Engineering, Tongji
University, Shanghai 200092,China)

Abstract This article is based on the device of ICAST (Intermittent or Cyclic Activated Sludge
Technology). It uses two levels of structure between the Programmable Logic Controller (PLC) and the
computer, and several on-line measuring instruments. With the Delphi language, dynamic monitor routine
is established on the sewage treatment system. Automatically modifying the running parameters during
each technical phase according to the index of water quality, the quality of effluent can meet the National
Water Reuse Standard CJ/T 95-2000 , and then the automating of the water reusing treatment and the
water quality monitoring can be realized economically safely and reliably.

Key Words PLC; automatic running and monitoring the water quality; dynamic monitor routine;
National Water Reuse Standard CJ/T 95-2000
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Design investigation on the system of ICAST

In reusing ecological building's wastewater
ZHANG-Daofang", SHI-Xuefei*, WEI-Yu*, Huang-Xiaojing", Gong-Tiejun?
(1:Department of Environmental Engineering, University of Shangha for Science and Technology
(USST), 516 Jun-Gong road, Shanghai 200093, China; 2: Shanghai GA Green Environmental Science
and Technology Co., Ltd, 255 East Nandan road, Shanghai 200093, China)

Abstract From aspects of sewage treatment device and auto controlling and monitoring system, sizes
of each parts of system, functions, choice of running parameters, equipment selection, characters of
process, realization of high-level auto controlling and monitoring are stated in this article. And a
system of ICAST (Intermittent or Cyclic Activated Sludge Technology) treatment device in reusing
ecological building's wastewater combined of rain water and living sewage is designed. With the actual
running result, it shows that pollutants in wastewater combined of rain water and living sewage can be
effectively removed to achieving the water reusing standard (CJ¥T 95 2000, China) with such a
system.

Key words |CAST; reusing treatment system; automatic controlling and monitoring; computer
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The guidance of microorganism in the living sewage reusing treatment
ZHANG-Daofang, WEI-Yu, SHI-Xuefei, HUANG-Xiaojing,

(Department of Environmental Engineering, University of Shanghai for Science and Technology, 516
Jun-Gong road, Shanghai 200093, China)
Abstract By the long-term microscopy, the respective dominant microorganism is summarized in the
device of ICAST™ for the reusing treatment of residential quarter’s living sewage, and the variation of
microbial trait is analyzed when the change of working conditions. It is shown that microorganism and
protozoa can give the guidance to the economical and effective operation of the device.
Key words |CAST; microorganism; directive function
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1 200231 2. 100071

TU986

Extensive Roof Garden — the Oasis in the Desert of Architectures

Hu yonghong*, Zhao Yuting?
1 Shanghai Botanical Garden 200231
2 Beijing Fengtai District Municipal Bureau of Park 100071

Abstract: The article gave the definition and characters of the extensive roof greening. By comparison,
extensive roof greening costs less to build than intensive roof greening. Extensive roof greening is more
suitable for spreading in more roofs include slope roofs. The structure and the plants selection are the
main points for attention when green the roof. The extensive roof greening can save energy for the
building, raise the greening ratio of the city, and improving the architecture landscape.

Key words. extensive roof garden roof meadow
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1. 200032
2. 200030

Abstract The purpose of this paper is to make people pay more attention to the economy of sustainable

building. Considered life-cycle costing, the economical analysis of sustainable building covers the model
of some economical targets, and associated with the integrated assessment in some fields, such as

environment and society. This article is to provide an approach of economical analysis for sustainable
building’ s development in the future.

Key words sustainable building energy-saving for building economical analysis
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Developing Life Cycle Assessment Tool for Buildingsin Hong Kong

Raymond Yau & Vincent Cheng
Ove Arup & Partners Hong Kong Limited

Abstract Life Cycle Assessment (LCA) in many ways is a methodology which building industry is looking
towards to give the answers on how to assess sustainability of buildings. In Hong Kong, like many other
countries, its application is limited by the availability of credible assessment tools in the market. This paper
provides the details on the processes and findings of a comprehensive study initiated by the Government to
derive a LCA tool for the use of the local building industry, addressing on researches that are needed to

really make LCA part of the answer to sustainability assessment.

1.0 INTRODUCTION

1.1 Global Perspective of Sustainability and Life Cycle Assessment

Global recognition of the need to strive for sustainable development began with the 1987 Report of the
World Commission on Environment and Development: “Our Common Future’, and subsequently
manifested by the 1988 United Nations Environment Programme (UNEP), the 1992 Earth Summit a Rio
de Janeiro, the 1997 Kyoto Protocol and the 2002 Earth Summit at Johannesburg. The Rio Earth Summit
has led to the emergence of Agenda 21, the action plan for achieving sustainable development. The
Malmo Declaration emphasised the importance of the life cycle economy as the overall objective for the
development of cleaner and more resource efficient technologies. LCA isidentified as a quantitative tool
to support decision making for a sustainable devel opment.

1.2 WhatisLifeCycle Assessment (LCA)?

LCA can be used both as atool for assessments and a concept in discussions and evaluations. As a tool,
LCA makes it possible to study which raw materials and energy types are used in producing products or
providing services; to identify which discharges arise from a specific source to air, water and soil; and to
assess the environmental impact of the identified discharges. As a concept, it represents away of thinking
about and looking at products and materials from cradle to grave, to categorise problems and assign
prioritiesin finding a solution, and to foster consensus and international co-operation.

The multi-criteria study done in 1969 for Coca-Cola on the choice between glass and plastic bottling is
believed to be the first LCA study ever conducted (Ecobilan, 2003). As a topic in environmenta
management, the history of LCA dates back to the early 70's (Guinee, 2002). However, active
development and application of LCA has only a relatively short history. It is not until recently that a
standardized LCA framework was established by SO Standard 14040. The procedures involved are
summarized in the following diagram.
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Figure 1 Framework of LCA study.

1.3 Scopeof LCA

A product system comprises a collection of unit processes, each of which performs one or more defined
functions, connected by flows of intermediate products, as depicted in Figure 2. The system boundary
defines the unit processes to be included in the system to be modelled, which is to be determined taking
into account the intended application, assumptions made, cut-off criteria, data and cost constraints, and the
intended audience. As an LCA is meant to be a cradle-to-grave analysis, the original sources of raw
materials; distribution and transportation processes; use and maintenance of products; process wastes; and
product reuse, recycling, energy recovery and product disposal are processes and flows that should be
included in the LCA.

To beaccumulated
_/\
-
Natural Products Natural Products Natural Products
materials & energy materials & energy materials & energy
Unit Product Unit Product S Unit Final Product
process process process
By- W astes and By- W astes and By- W astes and
products emissions products emissions products emissions
__/
N
To he acciimulated

Figure2 Scopeof LCA analysis
The type of inputs and outputs that an LCA should embrace, and data for which should be collected,
include:
o Energy inputs, raw material inputs, ancillary inputs, other physical inputs;
a Products; and
a Emissionsto air, water and land, and other environmental aspects.
The inputs and outputs of a process may also be classified into economic flows and environmenta
interventions, as depicted in Figure 3.

The criteriaused in LCA practice to decide which inputs and outputs are to be studied include:
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@ Mass - All inputs/outputs that cumulatively contribute more than a defined percentage to the mass
input /output of the product system

o Energy - Those inputs/outputs that cumulatively contribute more than a defined percentage of the
product system’ s energy input/output

o Environmental relevance - Inputs/ outputs that contribute more than an additiona percentage to the

estimation quantity of each individual data category (e.g. sulphur oxides) of the product system.

Inputs Outputs
~ _Produ<_:ts, Goods,
|nc|3d|ng —> — services,
Economic goodas, materials,
flows S Services, ™ — energy
materials, —» > \waste
\_ energy Unit
Process/
~ Abiotic and Product Chemicalsto
biotic | VM thedir, water
Environmental | [ESOUrces, . and soil,
interventions ) lad trans- redionuclides,
formation N —> sound, heat,
and casualties, etc.
- occupation

Figure3 LCA process
1.4 Importance of Loca Database
Due to the vast amount of data and processes involved, LCA practitioners need to be equipped with an
appropriate calculation and data management tool for conducting LCA studies. The LCA tool should have
access to databases that provide data for relevant systems and processes such that a model can be
conveniently assembled for the product system under concern, and the inventory data made available for
the impact assessment and interpretation of results. Expert knowledge is required for gathering inventory
data and quantification of impacts. It embraces a diverse range of subject areas, such as environmental
science, ecology, organic and inorganic chemistry, medical sciences, construction, economics,
mathematics, mechanical, electrical, manufacturing and chemical engineering, etc. Even an LCA
practitioner would need to be equipped with relevant and accurate inventory and cost data for all the
materials and products involved, and an adequate LCA calculation tool, for conducting an LCA study.
The current study, initiated by EMSD of HKSAR, was conducted with this background.
20 METHODOLOGY OF LCA TOOL FOR HONG KONG
To illustrate the essential features required of the LCA model to be developed in this study, abuilding is
regarded as a product and the product life cycle is divided into the following phases (USEPA, 2003):
o Cradletoentry gate
o Entry gate to exit gate
o  Exit gateto grave
The cradle to entry gate phase starts from extraction of raw materials and embraces all the processes for
producing the construction materials and components required and bringing them to the site for

constructing the building. The inventory data required include al the economic flows which embrace, in
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addition to the raw materias, any recycled and reused materials, intermediate products, and the energy
and ancillary inputs required for the production and transportation of the construction materials and
components. All the impacts (emissions or releases) incurred in these processes, which are the
environmental interventions, are another essentia part of the inventory data.

The entry gate to exit gate phase corresponds to the construction phase of a building. During this phase,
materials and energy are consumed and construction wastes generated, which add to the inventory.
However, data relevant to the local construction industry are at present lacking. Survey studies would,
therefore, need to be conducted to collect data specific to local construction activities (see later
descriptions on survey methods devised for data collection). To facilitate comparison studies on
alternative designs or material uses, the material and energy use during the construction phase would need

to be broken down into those incurred by individual types of materials and components.

| Raw materials | Exit gate
acquisition Entry gate to to grave
exit gate
—

Product Construction Operation and
manufacture [ and fittingout ™| use
¥

Cradle to Renovation
and demolition

entry gate
>
Inventory data Further adjustments to
from established inventory data to account for
databases with flows due to local construction,
appropriate operation and demolition and
adjustments waste disposal

Figure4 Stages of Building Life Cycle.
To address the need for an efficient tool for predicting the recurrent energy use in commercial buildingsin

Hong Kong for use in LCA assessments, a novel building energy prediction model will be developed for
predicting the annual energy use for air-conditioning in buildings. Al alternative model will retain the
theoretical rigour required for accurate prediction of building cooling load and plant energy use, but seeks
to substantially enhance the computational efficiency such that prediction of the annual energy use can be
accomplished within much shorter time than what would be required if a conventional detailed building
energy simulation program was used. Figure 5 compares the calculation methods used in a conventional
detailed simulation program and in the alternative method.

Building and system designs
and material use of a specific
commercial building

Alternative building and

system designs and material LCA Model
use of the building

Calculates and Compares:

HK LCIA Database
e Recurrent energy use

e Life cycle energy use

e Aggregate environmental
impacts

e Life cycle cost

e Overall LCA Scores

’ LCIA Datafor Material A

’ LCIA Datafor Material Z

’ LCIA Datafor ProcessA

’ LCIA Datafor Process Z

Figure 5 Model of L CA for Buildingsin Hong Kong
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The results of these studies will alow a database that contains the LCI data (the economic and
environmental flows) for the major building materials and components, and building services equipment
and materials to be established. Calculation routines will be developed for performing the classification,
characterisation, normalisation and weighting processes.
3.0 PROCESSES OF DEVELOPING LCA TOOLS
3.1 Survey of Building Materias and Servicesin Hong Kong
A LCA model relies on a life cycle inventory (LCI) database to provide data about the
economic flows and environmental interventions that would be incurred by consumption of
materials and energy for construction, operation and demolition of buildings. A sample of
representative commercial buildings has been selected as a basis for identification of the
most commonly used building and building services components and materials among
commercia buildings in Hong Kong. To ensure the obtained data would be representative of
the current local building construction practices and reasonably comprehensive, the sample
buildings are selected from a random list of commercia buildings on the basis of the
following criteria

(i) The selected buildings must be either completed within the past ten years or are under
construction at the moment for completion. This is to forecast a meaningful indication of
potential impacts for future buildings form latest devel opment;

(i)Information and details for any selected building should be complete, readily
available and accessible;

(iii) The sample must represent a wide range of built forms, scale, grades, designs and
specifications,

(iv)The sample must embrace buildings equipped with different types of building
services systems.
Four Government office buildings have also been included in the survey for comparison of different
purpose-built office buildings. In total, the building samples include 28 buildings, among which there are
16 private office buildings, 4 government office buildings, 4 retail centres and 4 hotels.
In thisinventory study, four private commercia buildings of medium to small scale were selected in order
to obtain an indicative picture about the potential outcomes and refine the methodology. In general, the
major sources of information are the priced bills of quantities for the successful bids, technical
specifications, tender documents and relevant materials submitted by the contractors in their tenders.
Given that LCI data relevant to Hong Kong are basically unavailable, supplementary questionnaire
surveys and interviews will have to be conducted with material suppliers, design consultants, contractors
and building management companies to find out the countries of origin of the materials, components and
equipments; the means used for their transportation to Hong Kong; and the common local practices of
using material, equipment and systems in buildings, including for the maintenance and refurbishment
work during the occupied stage.
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3.2 Survey of Building Servicesin Hong Kong

This part of the Study aims to enable the impacts of services systems in commercia buildings to be
estimated at the design stage to facilitate comparisons of aternative designs. The life cycle impacts to be
evaluated should include the impacts of using resources for the production, transportation and installation
of services systems and equipment, the total operating energy use of services systems and equipment
during the occupied stage of a building, and the impacts of demolition and disposal of egquipment and
materials.

At the stage of building design where aternative services system designs are being considered, details of
the system designs would not have been made available. For an instance, when a designer is considering
using either fan coil systems or VAV systems for the office floors in a commercial building, the exact
guantities, dimensions and capacities of air ducts, fan coil units or air-handling units and VAV boxes
would not have been determined. Therefore, figures based on best engineering design would need to be
established as default values for use in an LCA study to facilitate design decision-making. Nonetheless,
the LCA software should allow the user to change the default values to better reflect the system designs
under concern.

Similar to building components and materias for constructing buildings, a statistical analysis of design
information pertaining to existing building development projects should be conducted to find out the types,
guantities and key characteristics of services systems and equipment that are in common use in
commercia buildings in Hong Kong. The study should proceed with identification of commonly used
types of services systems and equipment in commercial buildings in Hong Kong, based on all buildingsin
the sample, to unveil the relation between building/premises types and choices of system designs. The
study should identify also special system/equipment being used for enhancing environmental performance
or energy efficiency of basic services systems, e.g. PV panels, air-to-air heat recovery wheels, light pipes
etc. A list of common services systems that can often be found in commercial buildings in Hong Kong is
shownin Table 1.

3.3 Adjustment for local and on-site construction processes

For ascertaining the energy uses and the local environmental impacts that are incurred during the
construction stage, the survey will include interviews with and data collection from main contractors and
sub-contractors of building projects, and companies providing local transportation services for materias
and components. The survey will also cover companies responsible for off-site work, e.g. production of
ready-mix concrete and pre-fabricated components. Although it would be difficult to obtain
comprehensive and accurate data from such surveys, it should be possible to obtain estimates for various
major construction processes that take place at different phases of the construction project by conducting
necessary work studies to collect critical information, e.g. number of truck-loads, travel distances and data
on fuel use per km for trucks, and the types and patterns of use of mgor construction equipment, for

estimating the environmental impacts associated with different onsite construction processes.
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Tablel List of common building services systems and equipment

Basic installations:

Heating, ventilating and air-conditioning (HVAC) installations

Lighting installations

Power distribution systems (Electrical installations), including essential power supply systems
Vertical transportation (lift and escalator) installations

Plumbing and drainage systems

Fire detection and protection systems

Automatic refuse collection systems

Grey water recycling systems

HVAC systems:

Air-side systems: All air systems, including:
- Constant air volume systems
- Variable air volume systems with and without variable speed drives
- Dual conduit systems (CAV/VAV systems)
- Dual duct systems (with mixing VAV terminals)
Air-water systems, basically primary air fan coil systems

Water-side systems: Heat rejection methods, including:
- Direct air-cooled systems
- Indirect air-cooled systems (water cooled chillers with radiators)
- Direct seawater-cooled systems
- Indirect seawater-cooled systems (with seawater/fresh water heat exchangers)
- Evaporative cooling (water cooled chillers with cooling towers)
Chilled water pumping systems, including:
- Single-loop pumping systems
- Two-loop pumping systems with and without variable speed secondary pumps
Space/water heating systems, including:
- Electric duct heaters
- Electric water heaters
- Reclaimed condenser heat (for space heating or water pre-hesating)
- Air and water-source heat pumps (for space heating or water pre-heating)

Lighting installations:

Various types of lamps, including T8 and T5 fluorescent lamps with and without electronic

ballast, compact fluorescent lamps, GL S lamps, tungsten halogen lamps, LED lighting, etc.
Additional devices: Dimming control using light sensors and/or occupancy sensors

On/off timer control (discrete or through building management system)

Zonal wiring

Light pipes

Electrical installations:

Major equipment, including transformers, switch boards, cables, bushars, wiring, conduits,
sockets etc.

Standby generators

Power factor improvement devices

Power quality control devices

Renewable sources, e.g. photovoltaic cells

4.0 LOCAL DATA OF BUILDING MATERIALSAND SERVICESSYSTEMS
4.1 Building Material Usage

According to the survey findings, concrete, rebar, plaster, render & screed together would contribute more
than 83% of the total weight of building materials used in these buildings. Concrete alone would aready

contribute more than 70% of the total weight of building material in a building; rebar would contribute 6-

7%, and plaster and render 5-6% of the total weight of a building. Other materials, including structural

stedl and bricks and blocks together, would only contribute up to 17% of the total building weight in all

types of buildings (Table 2).

576



Table2 Summary of Quantity Factorsby Material Group for the Selected Buildings

Range
Construction Floor Area (CFA) From To
Total Weight of Building Materials Used per m? CFA 1,903 kg/m? 3,313 kg/m?
Material Group
Acoustic Insulation 0.04 kg/m? 6.61 kg/m?
Aluminium 5.65 kg/m? 12.85 kg/m?
Asphalt and Bitumen 0.00 kg/m? 3.22 kg/m?
Bricks and Blocks 9.74 kg/m? 37.60 kg/m?
Concrete 1,358.38 kg/m®>  2,650.90 kg/m?
Formwork 3.13 m2/m? 4.21 m2/m?
Galvanised Steel 3.37 kg/m? 23.59 kg/m?
Glass 10.82 kg/m? 14.67 kg/m®
Paint 1.08 kg/m? 2.59 m2/m?
Plaster, Render and Screed 9345kg/m?>  151.34 kg/m?
Plastic Laminate 0.05 kg/m? 0.42 kg/m?
Plywood 0.16 kg/m? 0.79 kg/m?
Reinforcing Bar 101.76 kg/m?>  255.95 kg/m?
Stainless Steel 1.19 kg/m? 15.99 kg/m?
Stones 0.33 kg/m? 36.77 kg/m?
Structural Steel 49.04kg/m>  102.77 kg/m?
Thermal Insulation 0.12 kg/m? 1.16 kg/m?
Tiles 3.12 kg/m? 38.36 kg/m?
Vinyl Tiles/ Vinyl Sheet 0.00 kg/m? 0.03 kg/m?
Acoustic Tiles 0.00 kg/m? 0.11 kg/m?
Calcium Silicate Board / Fibre Reinforced Calcium Silicate Board 0.00 kg/m? 0.26 kg/m?
Firestop Insulation 0.00 kg/m? 0.38 kg/m?
Plasterboard 0.00 kg/m? 2.18 kg/m?
Plastic, Rubber, Polymer 0.09 kg/m? 4.17 kg/m?
Solid Surfacing Material 0.00 kg/m? 0.04 kg/m?
Cement Board 0.00 kg/m? 1.08 kg/m?
Durastesl 0.00 kg/m? 0.25 kg/m?
Specia Aggregates (Dynagrip; in non-skid finish) 0.00 kg/m? 0.15 kg/m?
Access Floor Panel (Chipboard Core & Galvanised Steel) 0.00 kg/m? 13.39 kg/m?
Fireproofing Coating / Paint on Structural Steel 0.00 kg/m? 0.00 kg/m?
Photovoltaic System 0.00 m2/m? 0.01 m2/m?

The impacts in respect of the embodied energy, CO,, SO, and dust emissions per square meter of CFA
contributed by the building materials of the studied buildings were also determined. The embodied energy
content per square meter of CFA for a building ranges from 9,448-10,907 MJm?; the corresponding
ranges of CO,, SO, and dust emissions are respectively 639.96-783.22 kg/m?, 0.89-1.22 kg/m?, and 43.8-
45.27 kg/m?. The differences in the overall values of the four types of impacts among the four buildings
arerelatively small, generally less than 13% from their means.

4.2 Building Material Usage

Figures 6 shows the embodied energy content, CO,, SO, and dust emission impacts of various building
services systems installed in the four buildings. The HVAC systems contribute the greatest impacts,

followed by electrical services and fire services systems.
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Figure 6 Impacts of various building services systemsinstalled in buildings

From the survey of the different components within the Electrical Services, Fire Services,
HVAC, and Plumbing and Drainage Systems, the main and submain cables in conjunction
with lighting and power system contributed to majority of the impacts (76% of overall CO;
emission impact; 83% of overal SO, emission; 79% of overall dust emission); pipes of the Fire Services
Systems contributed to the majority of the impacts (97% for CO,; 80% for SO,; 97% for dust); water side
piping together with air side ductwork aso contributed to the majority of the impacts (66% for CO,; 59%
for SO,; 90% for dust); while pipes also contribute 85% of overall CO, emission impact; 83% of overall
SO, emission; 61% of overall dust emission.

5.0 Conclusions

Developing a LCA modéd for the use of the building industry is a complicated process. Reliable database
on the usage of material and services in buildings as well as the LCI inventory of the materials used are
the pre-requisite of its succeed. Extensive localization processes as discussed in this paper are necessary.
The final LCA model developed can be used as a design tool for optimizing building design or a decision
tool that assesses the sustainability of the buildings.
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The Influence of Doping Materialsto the Thermal Conductivity
of Shape-stabilized Phase Change M aterial

Ding Jianhong, Zhang Yinping , Wang Xin, Yang Rui', Lin Kunping
( Department of Building Science, Tsinghua University, Beijing 100084, China )
(1 Department of Chemical Engineering, Tsinghua University, Beijing, 100084, China)

Abstract This paper investigates the influence of doping material on the thermal conductivity of
shape-stabilized phase change material(PCM). The thermal conductivities of the shape-stabilized PCM
samples were measured by a thermal probe. The experimental results show that different additives have
different influence on the thermal conductivities. Adding graphite can improve the thermal conductivity of
shape-stabilized PCM obviously. The empirical correlation between the mass fraction of doping graphite
and the effective thermal conductivity of the shape-stabilized PCM doped was obtained.

Keywords thermal probe, shape-stabilized PCM, thermal conductivity, additive
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Sustai nable Architecture

The article discusses sustainable principles in architecture

SB—Sustainable Building Building Architecture
Architecture Sustainable Architecture
Sustainable Building
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NEW LEXAN® SOLAR CONTROL SINGLE AND MULTILAYER SHEET

GE Advanced Materias has recently introduced a new family of transparent, solar-control glazing
productsin solid and multi-wall polycarbonate sheet that can significantly reduce solar transmission while
simultaneoudly offering high levels of light transmission, which could help to save energy costs for
cooling and lighting buildings.

The near Infrared region of the light carries the largest part of the solar heat. LEXAN® Solar Control IR
sheet contains a proprietary additive which selectively absorbs this part of the light spectrum while
keeping the visible part to a high level. By absorbing a large part of the near Infrared region, LEXAN®
Solar Control IR sheet can significantly reduce the solar heat build-up underneath and help to maintain
comfortable interior temperatures which can reduce air conditioning cost during hot days. This useful
shielding property can aso help to prevent discoloration of sensitive materials such as fabrics or other
organic materials and help to improve comfort sensation in, for example, factory warehouses, museums or
shopping centers.

Both solid and multi-wall products can offer alternative as a glazing material that combines design
freedom, light weight, high levels of light, while helping to keep excess heat to a minimum and helping to
reduce energy savings, making them excellent candidates for roof domes, skylights, walkways,
conservatories, and other buildings. Additionally, the solid sheet may be used for public transportation

applications, such as various train and bus glazing.
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GE Advanced Materials ' new heat--management glazing makes use of a new and innovative technology
platform. Instead of being translucent or opague as previous products, the LEXAN® Solar Control IR
sheet materials are transparent with a light green tint, which blocks near-infrared heat but lets in high
levels of light. Proprietary resin additives are used to manage heat instead of expensive and fragile
coatings, which can be damaged during handling and installation. Because the additive technology, solar
control properties are enduring and sheets are UV protected on both sides, which can help installers
reduce losses due to installation errors.
GE Advanced Materials ° model--scale* energy
consumption studies at the Welch Technology Center in H
India show that by using LEXAN® Solar Control IR H n
sheet, interior heat build up can be reduced | | ' .
significantly, which could result in 25%-40%energy = .
savings in a temperature controlled environment. The
relative annual energy consumption to maintain room
temperature between 20 and 27 °C is shown for several
materials. LEXAN® Solar Control IR sheet shows the
lowest energy consumption compared to other glazing
solutions.
The result can vary with building design, climate, and heating/cooling equipment. Therefore GE
Advanced Materials has developed a calculation tool to estimate energy savings as a function of several of
those variables (Please contact GE Advanced Materials development engineers to get a personalized
estimate of potential savings for your project).
This new heat-management glazing material range by GE Advanced Materials, offers new [or be
specific as to which environmental regulations this is compliant with] solutions to architects in an era
where energy savings are key.

HHH
LEXAN isregistered trademark of General Electric Company.
* GE Advanced Materials conducted a climate simulation on amodel building (8 m x 6 m x 2,7 m)with an
12 m2 window (looking at north) and 48m2 roof glazing surface. ASHRAE case 600 roof-glazing
model.

For further information, contact:

GE Advanced Materias
Tel: 86-21-62881088, 62882035

E-mail: peter.lu@ge.com; ernest.zhou@ge.com

601



LEXAN® ™ IR

GE
LEXAN®
LEXAN THERMOCLEAR® IR
LEXAN
GE
uv ,
GE
LEXAN® ™ IR
27°C , 25%-40%.
LEXAN EXCELL® D
THERMOCLEAR® IR
GE
GE 12m?  ( ) 48m?

™MEXELL® IR
: 20 °C
IR , LEXAN
(8m x 6m x 2.7m)

LEXAN, THERMOCLEAR and LEXAN EXELL are registered trademark of General Electric Company.
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