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Preface 
J m  T. Bmsell 
Trine DJTSEEI~ Pettersen 
Norwegian Building Research Institute 
Norway 

International Energy Agency 
The ZntemationaI Energy Agency (IEA) was established in 1974 within the hamework of the 
Organisation for Economic Cooperation and Development (OECD) to implement an 
International Energy Programme. A basic aim ofthe TEA is to foster cooperation m o n g  the 
21 IEA participation countries to increase energy security through energy conservation 
development of alternative energy sources and energy research, development and 
demonstration (RD&D). This is achieved in part through a programme of collaborative 
W & D  consisting of 42 implementing Agreements, containing a total of over eighty separate 
energy RD&D projects. 

Future Buildings Forum 
The Future Buildings Forum (FBF) was officially started in June 1 99 1 under the "Energy 
Conservation in Building and Community Systems Programme" of the International Energy 
Agency. It h the aim to contribute to a sustainable society by means of enriching 
international building energy research with topics which will be of importance during the next 
century. Today's research work focuses on existing needs. Many research proposals are just 
an extension of ongoing research projects. 

The FBF tries to investigate the future situation which will influence the needs of the building 
stock. Et will address energy, environment, economic, and technical issues. To do this, the 
FBF has established a workshop programme, deaIing with selected topics which seem to be of 
great importance for the future. Until now it has been arranged three such Think Tank 
workshops. The third Think Tank was in Norway this year. 

3d Think Tank 
The major sin of the 3td Think Tank was to 

* clarify the major forces and trends in the building sector the next 25 years 
discuss the resulting impacts and opportunities based on the forces and trends 
recommend research and development needs 

both in new and existing buildings. 
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27 of the 38 participants at the Think Tank in the sunshine outside the conference room. 
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Executive Summary 
Fred Morse 
Morse Associates h c  
USA 

On 8-1 1 May 2001,36 representatives from 15 countries plus the E A  Secretariat met in Oslo, 
Norway to discuss the built environment in the year 2025 and to identify high priority R&D 
work that should be initiated now by the seven IEA building-related Programs. Attachment A 
and B present the agenda and participant list. 

After a welcome reception on May 8, the Forum began on Wednesday morning, May 9,2001, 
with a welcome and opening presentation. It continued with a series of invited presentations 
that set the stage for discussions on the second day. 

The objective of the first series of presentations was to present the major forces that will 
shape the buildings of the future. The speakers in this session were: 

m 0ystein Dahle, Head of World Watch Institute, Scandinavia 
Clas-Otto Wene, E A  Secretariat, Paris 

* Margrethe Aune, SINTEF, Norway 
* Sverre Tiltnes, GRIP Center for Sustainable Production and Consumption, 

Norway 
* Mark Zimermann, EMPA ZEN, Switzerland 

Poul Eric JSristensen, Denmark 

The objective of the second series of presentations was to present the implications of those 
forces on the built environment. The speakers in this second session were: 

Bertil Petterson, Swedish Ministry of Environment, Sweden 
Tony Rgg, UIA Architectme & Energy Work P r o m e ,  Israel 

* Leigh Breslau, Design Partner, SOM, United States 
Richard Karney, Department of Energy, United States 
Asger S. Kjeldsen, Encon Electrical Utility, Denmark 

On Thursday, after the day of invited presentations, the Forum participants were divided into 
three groups of about 10-1 5 people each to allow the participants to identify and rank the 
research and development needs for the built environment to be responsive to the market 
forces and trends to make the buildings of the future as sustainable and comfortable as 
possible, The members of each of the discussion groups were determined prior to the meeting, 
based on the need to have each group be relatively well balanced geographically and among 
the different skiIIs represented. 

There were three groups, covering one of the following areas: 
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New Buildings 
Existing Buildings 
Energy Systems in BuiIdings 

Each group discussed the five following topics: 

m Additional presentations and discussions 
Clarification of the major forces and trends in the building sector 
Resulting Impacts and Opportunities 
Research and Development Needs 
Conclusions and Recommendations 

The reports from these three discussion groups are shown as Attachments C, D and E 
respectively, On the last day of the Forum, the participants reviewed the 32 proposed R&D 
activities, agreed on a way to combine some and structure the remaining into four groups: 

* Community Aspects 
Buildings 

m Components 
Market Aspects 

After omitting one activity (Using Mixed Hydrogen-Natural Gas Heating Systems in Existing 
Buildings), the final set of 23 proposed R&D activities were distributed among these four 
groups as follows: 

Community Aspects 

a Urban Environment Building Interactions 
m Building Renovation (Decision Criteria, Impact of Clustering, Assessment 

Methodologies and Tools, Reference Data and I n s m e n t s  for AnaEyzing, 
Promoting and Carrying out the Renovation Process) 
Comprehensive Building Sector Energy Systems Analysis 
Downsizing District H & C Systems 

Buildings 

Buildings as Service Suppliers 
Buildings as Energy Suppliers 
Reference Energy Consumption and Indoor Climate Data for Existing 
Buildings (and Urban Energy Consumption in Comparison to Suburban 
Situations) 

+ Achievable Factor X for BniIding Renovation 
Concepts for Renewable Energy Use in Heritage Buildings (m expansion 
of Better Roof Integrated Solar Collectors for Heritage Buildings) 
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Components - MechanicaI Systems 

Optimal Reduced Ventilation 
Lower Temperature Systems (Low Tempemme Systems Analysis and 
Product development and Conversion of Existing High Temperature to 
Low Temperature Heating Systems in Retrofitted BuiIdings) 
Plug and Play Mechanical Systems (Integrated Comfort and Service Plug 
and Play Systems and Energy Efficient Plug and Play Systems for Retrofit 
and Integrated Mechanical Systems in Existing Buildings) 
Wnste Heat Utilization 
Advanced Air Conditioning 
Room HVAC Systems with Ground-CoupIed Heat Pumps ( Room Sized 
Energy Systems and Ground Coupled Combined Heating ancl Cooling for 
Existing Buildings) 
Innovative Efficient Lighting Systems (for Existing Buildings) 
Integrated Control and Information Systems (for Existing Buildings) 

Components - Building Envelope 

Advanced Envelope Insulation 
Transforming Existing Facades into Intelligent Facades 

Market 

Marke': Entry Strategy 
m Behavioral Aspects of Load Management 

Design Competition 

Descriptions of these proposed R&D activities can be found in the three discussion group 
reports, Attachments C, D and E. I f  a proposed R&D activity is a combination of one or more 
activities described in those Attachments, the titles of those activities are shown in brackets in 
the above list. 

The next step will be to send this set of proposed R&D needs to the seven TEA Building- 
related Implementing Agreements for their review. It is hoped that work on most of these 
proposed R&D projects will be initiated by one or more of the IEA Programs. Typically this 
will involve a workshop of experts to define the specific work to be done. It may be that one 
topic could result in several Tasks or conversely that severaI topics could be integrated into 
one Task. 
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Workshop presentations 
Plenary Session 
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Global challenges 

0 y  stein Dahle 
Nordic Chairman of Head of the World Watch Insti 
Vice-president World Watch Institute International 
Professor II ved CICERO 
Former Vice Director in Esso Norway 

tute 

The following presentation was presented at a Norwegian-German energy conference in 
Hannover November 2000 and covers most of the issues that Dahle presented at the Think 
Tank 2001. 

European Energy; How much is enough? 

Three years ago the chairman of Gerling Akademie flir Risikoforschung in SwiterIand, Rolf 
Gerling, made a speech in Nonvay under the title "Taking the environment into account". I 
am quoting from my notes covering thzt presentation his emphasis on the need to change the 
corporate mindset. To master the h m e ,  according to Gerling, we have to change things not 
onIy on the material level, but on top we have to change our attitudes, our perspective and we 
have to undertake a paradigm shift, that in its center is spiritual. The word "spiritual" will 
normally not be welcomed in a business context, but Maurice Strong, the Canadian 
environmentd pioneer whose name most of you probably wiIl recognize urged that word to 
be used even in business surroundings. As we know from corporate practice, corporations 
with a vision in general do much better than corporations ethout. By definition a vision 
gives direction, leads the way to a goal that is often beyond accountability. The vision these 
days must include sustainability as a conceptual challenge. At the society Ievel there are in 
fact three challenges related to sustainability: 

Development of understanding, a framework for thinking 
Policy development with existing and new instruments and 
Technology development 

It is not at all s u e s i n g  that it is the insurance companies who have been most sensitive to the 
mstainabiIity challenge, but even OECD has introduced ideas on this demanding arena 
beyond expectation from that direction. If we (the industrialized world] cannot deliver on the 
climate issue, the credibility on the sustainability challenge will erode according to OECD. 
However, we do know that government policy most often is developed in reaction to a 
problem and only very seldom in anticipation of a problem. Our institutions therefore need to 
rethink the tools we are equipped with to work the problems confronting us. 

Even before the concept of environmental problems emerged in the public debate, one of our 
history's most admired scientists, Albert Einstein, shared with those who liked to listen to him 
an assessment worth reminding us on: "The world we have created through our way of 
thinking", said professor Einstein, "has huge problems which cannot be solved by continuing 
to think the same way as when we created the problems". 
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In all its simplicity, and all its complexity, the chdlenge of sustainability is to recognize and 
internalize the obvious fact that the world is a closed system and our economic behaviour 
must be adjusted accordingly, The nature of the environmenta1 challenge can only be 
understood in a solidarity perspective in time and space. To limit our fieedom of action today 
will be required to provide some freedom of action for those generations coming later. 

These introductory comments go well beyond the field of energy, but the energy challenge 
can only be described in the context of sustainability. 

A sustainable energy system is a necessary, aIthough not sufficient, requirement for 
sustainable development. It is therefore of considerable interest when Gus Speth (at the time 
heading the United Nations Development Program (UNDP) ) in his introduction to the report 
"Energy after Riol"o -1- 5) said the following: The cwrent patterns of energy production 
and use which shape the development process Internationally, are unsustainable, - and have 
become more so since Rio (end quote). In other words; Not only do we have a problem, but 
the problem is increasing. We are moving in the wsong direction, and there is no sense of 
urgency. 

In another, - and more recent report GEO 2000 by W P  the magnitude of the challenge is 
bluntly described: the industriaIized countries will have to reduce their resource 
consumption, including fossil energy, to one tenth of current consumption level over the next 
few decades in order to maintain a resource base for a responsible development of the poor 
countries. It is in such a context that the heated debate spreading over Europe as a brush fire 
on motorfuel prices is becoming ridiculous, with 1.2 billion people having to survive on a 
daily basis with an amount of money equivalent to the price of one liter motorfuel. 

UNEP is establishing an ambition Ievel described by a factor 10 in resource productivity. 
OECD has net quantified the ambition level but in its report "Guiding the transition to 
sustainable development" a critical role for OECD is accepted and according to OECD it is 
now time for the organization to concentrate on increasing resource productivity with the 
same effectiveness it applied to labour productivity." What is required to motivate for at 
commitment to improve resource productivity? The economic motivation wilI come provided 
the pricing of natural resources is reflecting the eeologicaI realities. Again the OECD has 
made an attempt to assess how the ecology impacts on the economy as follows " - - the 
environment provides economic goods and services - not formally accounted for - at least as 
valuabIe as, and probably much more valuable than those provided by markets". What is of 
particular interest is OECD1s willingness to accept a criticism to the dominant accounting 
system for progress using GNP as a key indicator. This could be an early indication that 
classicd economic thinking is inspired by the pioneers of ecological economics. 

The cruciaI question in the field of energy is if there is a factor I 0 productivity improvement 
potential. In some sectors the potential is probably in the order of magnitude factor I Q with 
only minor further advancements to existing front technology. With emphasis on technology 
development prioritizing resome productivity, further improvements should be expected as 
is clearly demonstrated in a number of fields. 

The transportation sector is of great importance in determining our energy future and a 
number of new technologies are moving from the laboratories through prototype 
demonshation to market realities. Fuel cells are of particular interest. Although large cost- 
and technical hurdles remain, the fuel cells development is pursued with an unprecedented 
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cambination of resources and commitment. We will hear more about these opportunities in a 
later presenmtion. 

Another very exciting development with high impact potential on the energy system is the 
introduction of a decentralized distributed power concept. The simpIe version of this concept 
is that the small energy consumers are offered dual roles as also occasional energy suppliers, 
The feasibility of the concept is dependant on a reliable, accurate monitoring device for 
electric power, measuring power in both directions. Supplying to the grid from for instance 
roof based photo voltaic systems in periods where the household requirements are at a low 
leveI has been demonshated. Wind power and photo electricity are realistic components in 
such a system. The large scale introduction of distributed power may still be some years 
away, but we should remind ourselves on how fast the transition in the field of information 
technology acmdly developed from catrdized to decentraIized solutions, from the 
n a i h e  to the PC, - and against high odds. 

Another potential conceptual breakthrough in this small cluster of selected opportunities is the 
eco-efficiency concept. It offers a new way ofthinking in the productiodservice economy 
and a number of corporations have developed eco-efficiency strategies for their operations. 
These are corporations committed to environmental improvement and stimulated by other 
companies and the Business Council for Sustainable Development. With support and 
encouragement from Governments and with a policy framework stimulating resource 
effectiveness, a rapid stabilization of energy needs in the industrialized countries and a 
subsequent accelerating reduction in energy needs i s  not unrealistic. 

A case study could be the energy poIicy challenge in Nomay. Due to its abundant power 
supplies based on hydro electricity, there has never developed a sense of energy scarcity in 
the country. The issue of energy quality has therefore never emerged and electric power has 
been used for purposes not at all requiring this energy quality (like heating). The current base 
case, - although wasteful or rather due to the fact that it is wasteful-, now offers the country a 
substantid potential for improvement by introducing a 1 arge scale heat pump program. The 
potential release of electric power could be in the order of magnitude 15-20 Twh or equivalent 
to 6-7 fossil fired power plants. Huge investments can be justified to make this happen. 

Obviously large scale suppIies of fossil energy will still be required for many years, and 
gradual substitution of higher carbon content fuels with gas will be a prefesred strategy on the 
supply side. However, the biggest challenge in the field of energy is to manage the demand 
and ensure a non-growing energy system in the industrialized countries, and preferably 
worldwide. 

The transition challenge to non-fossil alternatives offers a dynamic challenge hardly 
recognized in the energy debate today. In order for the renewable energy alternatives to be 
positioned to contribute: significant quantities of energy when oiI and gas resources are in 
worldwide decline, Ithe alternatives need to have completed their initial growth period. This 
growth period is quite time consuming. Bringing any energy alternative from a contribution 
of 1 mill tonsJyear to l billion tonslyear will require a 1000-fold increase. With 23% annual 
growth, 3 years will be required to double the output. Starting with 1 it will take 10 doubling3 
to expand the output toI000. Thus if starting with I mill tJys equivalent capacity it will take 
30 years to reach 1 billion tlyr equivalent capacity with a 23% annual growth right, and that 
will cover only some 56% of expected worldwide energy needs at that time. The real 
problem, however, is that the contribution to cover the societies energy needs is the 
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determined by net energy supply rather than gross energy supply, i.e. corrected for the amount 
of energy required to develop the energy system. 

Since large amounts of energy are required to expand a new energy system, f ie  net 
contribution is for some important energy alternatives Iike photo electricity significantly less 
than the gross contribution. With high growth rates the net contribution may not wen be 
positive in the growth period. This is not an entirely new problem- During the 10-15 years 
expansion of the French nuclear capacity, there was no net contribution to the French energy 
system. The energy required to expand the system exceeded the output from the reactors, 
until the growth rate was slowed down. 

This could also happen with the photo voltaic system and delay to 40 years to reach the 1 
billion t,yr contribution from this source. Windpower is less energy intensive to develop and 
thus could be expanded faster and still maintaining a positive contribution to the energy 
system. 

The purpose of introducing this system dynamic challenge is twofold. First it is more time 
consuming to introduce alternatives in meaningful quantities than even energy experts tend to 
think. We therefore have to start early. Second, it is therefore of even greater importance to 
limit the absolute magnitude of the problem of substitution. This can only be achieved by 
putting higher priority on the resource productivity side. It is essential that the energy system 
is not growing further in size. 

Demand side management is very difierent from supply side management. It is an 
organizational chdIenge more than a technical challenge, and the experience of large scale 
demand side management is limited. 

"There are hundreds of millions of them" according to IEA's new book on the link between 
energy and human activity: households and car drivers; millions of truckers; hundreds of 
thousands of building operators; fanners and factory managers. These are the people, the 
armies of discrete individuals, who make the decisions that govern energy use and C02 
emissions. 

Each day they make billions of energy choices to achieve their manifold goals, few of which 
have much to do with energy itself. What they are interested in is producing goods, rendering 
services, heating houses, driving too work, and hauling freight to name just a few. Some 
energy applications generate output and income. Others provide convenience and comfort, or 
simply facilitate the business of life. Energy sewes as a means to these ends. The ends 
themselves define the proper study of how and why people burn hydrocarbons and ultimateIy 
release carbon dioxide into the atmosphere. Energy consumption has its roots in the ways 
economies and societies work, 

A sustainable world will require a sustainable energy system! A sustainable energy system 
will have to become significantly more effective than cwrent levels. This is a priority no 1. 
We have hardly started, ifs a Iong way to go and fortunately the potentia1 to succeed is these. 
I wit l respond to the question on how much energy is enough for Europe by concluding that 
Europe should limit itself to the cwrent level and strive for substantial reductions. It is 
techicdly possible but will require political will and courage. 
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The Energy Situation in 2025 and 
Beyond: 
Two Views on the Energy 
Technology Paths to the Future 

CIas-Otto Wene 
E A  Secretariat, Paris 

Illustrating two Em-cost technology paths 
for the global electric system Breakaway Path 
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Trends in Lifestyles 
Marpethe Aune 
Sintef, T ~ c I I o I Q ~ ~  and Management, IFIM 
Nonvay 

Trends indicating an increasing 
The "comfort society" 

energy consumption: 

Growing number of 
detached houses (in 
Norway today, about 
60% of private 
houses) 

m Increasing living 
space in homes 

m Presentable homes 

r Space and light 

P 
W Technology for work - <  

and leisure 

4 
m High quality leisure i 

time (big cettages) 

What is private energy 
"It's always raining here" a $..3z3.+ P' - .  

consumption? 

m The =ss to 9 The resent'power 
'unlimited" amounts &is" may result in 
of pollution free and inaeased attention 
cheap hydro power on energy supply 
has created a and use among 
special Norwegian people in general 
energy culture 

m A way of achieving some important 
goals: 
-cornfort 
- mobility 
- cosiness 
-identity 

m However, energy policy seem to be 
addressing the rational consumer. This 
is a problem S 

Energy lifestyles 
%&.\*At3 

m The "self-indulgent" 
> 

m 
n b g 

1 he "soberly indulgent" 

U The "environmentalists" 

The "self-indulgents' 

m Do not reflect on Ideal: detached 
energy consumption house 

m Everyday life W Are interested in 
activities direct their retrofitting 
consumption pattern 

W 'My home is my 
project" - towards 
cosiness and 

The "hesitant environmentalists" 

I 6 



IEA Future Building Forum 
3rd FBF Think Tank Workshop 

The "soberly indulgent" Energ, at any cost? 
1 

W Have no thoughts m Represent a low m In our hausehold we W We are used to an 
about energy use consumption pattern are willing to pay the unlimited access to a mainly caused by ; necessary costs in heat, hot water and 

m 'My home is my small apartments. order to have a cooking, and energy 

castle" - Cosiness is comfortable indoor conservation should 

important temperature in all not be taken so far 
rooms. Agree: 56% that any of this is 

taken from us: 
I Acrree: 68% 

The "environmentalists 

environment in 

A* 
B Concerned about m 'A home is a p l a e  

for people and 
general activitf 

f 
H Conscious about m Retrofitting for the 

their energy use and case of increased 
try to use little comfort (visually or 

m Avoid car-use practically) is not 
irnpwtant 

The "hesitant environmentaIists" 

W Concerned about m Not interested in 
environmental modernising in 
questions general but keep the 

m This is not reflected house In good 
in the every-day life rnmdltion 
Lie  in big houses R "A home a haven" 

m One or two cars 

How do we reach the customer? 
a 

Communicate with a Competitive prices 
the "COmfOrt society" , Visibility 

m m Technological 
development in E dialog with the users- 
Available 
technologylsolsrtions 

m 

The 'pmblm7' of attihlds: 
& :a K Attitudes does not U A better solution: 

aiways reflect Changing behaviour 
behaviour. b e f m  attitudes? 

m Changing attitudes 

changing behaviour 

m 
I3 
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Factor 4 - l 0  in the Building 
and Real Estate Sector 
Sverre Tiltnes 
GRIP Center for Sustainable Production and Consumption 
Norway 

THE DESIGN AND 
CONSTRUCTION PROCESS 

I I l 

j 

new settrng In each project 

F r  coadlnatlon and co-operation 
tight time schedules 

' planning is underestlrnatd * 
, need for mon time and better co-ordlnablon 

, * more responsibifii on designem and contractors - 

FACTOR 4/90 IN THE BUILDlMG 
AND 

I R€AL ESTATE SECTOR 

Large houses 

Building stock 

Buf ding and construction account far 70 
per cent of all real financial assets in 

ENERGY CONSUMTION AND USE 
OF FLOOR SPACE 

I 

l Norway 

i 1 = Current building stock totals ca. 325 
CASE STUDY MADE BY ! million m2. 

GRTP SENTRE 
NORWAY I Accounts for 20 per cent of Norwegian 

I GNP 

- - - E n W  rPnwrnptkr 
per Mnirg. Normy 

- k m m  N W  
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ENERGY 
(INCREASE ENERGY EFFICIENCY) 

1 
i reduce the energy consumption 
4 - m m  elf cl& use d space 
! - eneqy-Mtiem design 
1 
I - ermqy+fiiaem manament 

I - m h a b r l s  

reduce environmental bad per energy unit / - U- me-e mrg mwms 

i - ngM enurgy d i t y  fw h right w e  

Raw materials 

The World Watch hstitute (WVVI) 
reckons that 440 per cent of all the raw 
stone, gravel and sand used every year, 
and 25 per cent of virgin wood, are used 
in building and construction. 

Key measures Hazardous chemicals 

re-use of existing buildings I 
I - About 50 000 different products are 

increased flexibility I currently in use in the building and real 
more efficient use of floor space / estate sector. - waste minimization I 

more extensive re-use and recycling of materials , 

and prducts I 

reduce environmental load per used material I 

1 HAZARDOUS SUBSTANCES 
(DETOXIFICATION) 

! 
I 

more knowledge and control in the 
I mnsurnption of materials 

gradually stop using priotitised hazardous 
chemicals ask for documentation 

include less toxic chemicals in a dosed lie 
cycle promote re-use and recycling 

-@ 

Waste 

Noway Sweden DsnmaR 

Environmental potential in the 
sectot 

I - reduced energy consumption. 5 M over ten years end 6 E  ! 
TWh in 20 years (ca IQ% of wlled~e energy wnsmprim in I 

Ihe sedar ! 
wnverson h oillekcb-iclty 10 local ranewab!e enwgy: 4-6 i 
TWh over ten ywrs and &l0 fWh over 20 years (ca. 12% of ! consumption in the seaor) - efficiwrt use of space: res~dential:fmm 49 nWperson to 39 : 

I rn2lperson over l0 years I 
I office hlldings: from 35 r n z l e r n p m  l0 20 m2lempwe ovm I 
I 10 years - wastage on ssrte: from 55 kg/ m2 to 20 kg1 m2 built - recychng of construction and demolit~on W: from 10% to 

70% In 5 years - 

Important measures 

- changes in the official framework 
changed attitudes in the sector 

m education, information and training in 
the sector 
cooperation within the industry and 
between the industry and the official 
sector 
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RECOMMENDATIONS TO THE 

GOVERNMENT 

taxes and regulations are necessary 
m-operation b e w e n  the sector and the 
aulhorities 

a focus on: defining aims and monitoring 
results 

W 2he sector itself have to chose technology 

clear and predictable measures - 

Official framework 
l 

/ mmusaingantand m e  enen~y rpu&catrons in Iha butlding 
I W a b a n s  

i 
smaer a n l ~ m t  al pmdud IabaR~ng 
regrlalron at mr@ haz-us and loxlc subslams and 
rnalenals, pEaOwlasly mere safer anernabves sxlst 
mmpulscq envlronmentar asssssmenl and ussr I n m d o n s  In 1 new- - hgher pnws for e l m  8nd 1-T b l s  ' m ~ c ~ p p r t f ~ r ~ o f n m w n e w a M e m r g r  

' sm&argas on m e  hazmecus -lances and marmials 

THE INDUSTRY 

9 many small and medlumslze enterprises 

low pcofltabllity 

1 !Me wlltingness to take risks 

i n m  foeus on l i f v c l e  eDst 

Estate *pant Y i c,v*;t 

Building 
and real 

I estate 
sector 

I 
I 
I THE INDUSTRY ITSELF Industry 

1 interdisciplinary mllaboration 1 Training 
I I =Tools 

increased focus on the early planning-phase : Cooperation 
olcutating life cycle costs 

I 

increased environmental skills I 

Think long and think big" I The real challenge 

The appropriate environmental solution 
is often so far removed from current 

I practice that we get bogg6.d down in 
' detail, focusing on relatively simple 

probFems which are sadly also relatively 
unimportant. ! 

m it is not technology but 
a Iack of will and an iMexible apprnach 
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Challenges in BuiIding Energy 
Efficiency in Warmer Climates 
Poul E. Kristensen 
MECM Energy Efficient BuiIding 
Denmark 

Inttrnational Energy A p c y  /"& h*rt Buildbp Forum TLinLTank200I -- 
!Vorkshop Programme 

9-  11 M ~ S O O S  
Holmen Fjordhottl, Oslo. Karwuy 

Challenges in Building Energy 
EEciency in Warmer CIimates 

Poul E. Kristensen 
Chief Technical Adviser 

MECM Energy Efficient Building 
Puhxjaya Malaysia 

m XtXdml  B u W m  in TzqiLJClimmIF 
IU FururaMdb*FonaOl l r  09-11 May lOPl 

,$ MECM demonstration project ;?% 
.-' ..-. 

-Minjstry m f  Energy Conmunimtion and = "  

Multimedia In Malaysia 

*besign of a 26.000 m2 showcase building in 
Putrajaya : Supported by DANCED 
.The Danish Apsnry for Cmpmtian In Enw~milmcnt 4nd Dcvelwmcnt 

emsent  the design development of the 
MECM bulldlng 

-Present challenges for RBD in tropical 
climates 

rm3CM Malaysian Architecture 
i %% a new builing in Putrajaya 
L -- 

m OaTECTrVES 
-U 

Integrated sun shad 

-An Energy Eificient, Intelligent Showcase 
Building Without Compromising User 
Camf ort 

-A Study and Research Oppartranity for 
Professionals and Academies 

*A  ema an strati on of the Feasibility of the 
New Building Code Energy Standards 

-235 kWh/m2year versus 250 - 300 kWh/rnlyear 

Malsyrhn Architecture @ ,,+\ Mesiniaga Buiiding 
/' %h - .' S**., Suhan~  Java 
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Securities Commission Building 
Kuala Lumpnr 

.mFI 

Encrp_- Fmdrnt Boildtncs in T m p i d  Clirnr:c 
15A Fulum Building Famm 0310 m- l I Msy;Ml 

EGCO Tower 
Bangkok 

EGCO Tower 
Entrance 

,' X?.- - 

-- Competence in Energy Management 
-4 

E a r r p  Emdcnl Bmildinpr io Tropiul O:matc 
IW Forrrrp Building Forum Chlo m - 11 hla? lh?l 

, ,L& NEFW Ofice Building 
Ranvknk 

Encrp;. Etlidm~Bddim@im TmpitdClimn. 
tEA FutnmBoilding Forum OsloC9 - 11 MnvIW1 

, NEPO OfIiee Building 
, . Bangkok 

. - - - -- - ,,,P" 

.-- 

L\ NEPO Office Building p& @B 
-M 

1EA Fulmrer Building Forum Oslo [rr - I I M m )  2W1 
E r c m  EWtumt Boildinp~m T m p i u l  CIirnatc 

E A  F u t a m  Bu11dln.l: Forum Ollo 09 - 11 h l i r  3M1 
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NEPO Office Building 
Bangkok 

$1 NEPO OIfiee Building .: X*! -.- Bangkok 
"ICY 

Eecm Ellidcet Buildinn in Tropipl O i r n a t r  
IEA Frtum B~ildiaeFumm Ollo  P?- 11 hla?. 10oI 

EE- EliiFimt Bmildin g in T m p i d  Oimmr 
=A Fnrrrn Building Fomm MO W - 11 Mm, :o01 

NEPO Office Building 
> 2  Bangkok 

W?'---' - "- 
m 

q- 2 2> 

EDLW Emtimt Bui ldimpin Tropid Clirnnlr 
E A  Fmlura Bai ld ia~  Fomm Oslo IIP - l1 MS) IDm 

\ Swainable Building Design ::-+. .- Requires an Integrated Approach m - 

..&-W 

Landscape 
EfAcient AJr-condftion 

v Building Envelop 

li -. .-. >. 

Equipment E new 
OfAce Equipment Management 

Evro EIXriml Bul ldim8 ia Trodrrl Clirnatc 

Malrysian Architecture SoIar 3 Irradiation on Vertical Surfaces 

March 

Energy EffScient Buildings 
in Malarsia 

3W 

L ss0 

*m 
5 

130 
LY T E loo  
E 50 
E 

DEDP Energy Efficient Building 
- Bangkok 

E" 

rra&aea.rda- 7 

Natural cooling from Y m ,  - 
???TA'? + 4; . ;;*: 

-. Solar Protection 
of Facades and Roof  

Building Orientation North - South 
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3 Luminous Efficacy Energy Emdent QRia Equipment 
- Demonstration 

h tegmted energy design 
--m 

MECM EE Building ENERGY 10 Simulation 

-- - < 

=Insuiatlcn of walls and mof 
*Exterior shndlns of W n d ~  

Computer Modelling 

mdL ENERGY 10 from NREL VS 

First Cost Estimate 
,/&El? mearures in new MECM building m. MECM demonsmtion project 

; First Phase Results 

.Initial feasibility studies on Energy 
Efficiency : 

-Investments : RM 3.9 mil. 
-Net Savings : RM 0.60 mil. /year 
* Pay-back : 9 years 
-Equipment rife : 15+ years 
=Building life : 50+ years 

g Use of proven technologies 

@No impact on project time schedule 

MECM demonstration project 
L First Phase Results 

,$khallenges in Building Ererw Efficiency 
,. 9 1 

. in Tropical Birnates 

-Significant Energy Savings (60%) can be 
achieved using cost-effective solutions Mty gmwt?~ Is substantial In the Tropical part of the worM : 

Mexico City 
Shanghai 

Bangkok 

Manilla 
Jakarta 

Singapore 

*Intelligent building design 

* - .  
-Intelligent energy installations + 

cY. 

-Intelligent building management 

.E E- EITiclmI LIaOdlnphn Tmplcll Uric 
ICA F m t m m  BoJdimg Forum W. 09 - l l Ahy ?U11 
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Challenges In Building Energy Efti'eiency 
in Tropical Climates 

W C "  

Factors contrlbvtlng to rapidly ln~reased 
consumption of foss11 fuels In these c i t i ~  

-Adoption of building designs 
from ternpemte and subtropical regions 

-.Adoption of "Western" levels of comfort 

.Increased cooling load in cjtles 
due Za Heat Island Effeet 

-.Poor qualiky of new building cunstsuetions 

=.Environment are law prlwfty 

m t  RaMbm im T+ Lllmuc 
E 4  B u l ~ r a  Ebildinp P m  Orlo OP - 11 May m 

.&Chllen)er in Euildlng Energy Emdency 
L in Tropi~al Climates 

m 

Irnplernmtatlon, of already k n m  techmbgles 

Efnclent pumps and fans 

themar solar energy 

m Advanced glazfng technologies 

- Energy management s y s t e m  

Challenges in BuFldlng Energy Efficiency 
L. . 

in Tropical Climates 
-W 

What can be done : 

Demonstrate the lnk between fossil fuel 
wnsumptionand environment 

Good showcase buildings 

Develop building design solutions specik 
to tropical wnditions 

,t&Chaflcngcr in Building Energy ERiciency 
1 in Tropical Climates 

R&D on Desrgn Solutions Specific to Tropical 
Conditions 

Solat driven codng aystems 

* Solar driven dissleant cooIing~ehurnldifying 

-&Anvent cllmatlc responsive bulldlng design 

Utlllsation of daylight and sunlightforMghting 

Sealed flee bulldlngs wfth cllrnate control 

Develop zero emission bulldiags 
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Building End-Use Working Party 
Perspective 
BertiP Pettersen 
Swedish Minishy of the Environment, 
Sweden 

A. Are there "white spots" in the RD&D programmes of the IEA 
Residential, and Commercial Sector Implementing Agreements? 

More priority driven programmes 
CERT noted in its recent IA review that all programmes should be more prior@ driven, 
i. e. ,  more strafegically responsive. A "top down" approach should preferably be added 
without unsettling or downsizing the very efficient and proven "bottom up" approach that 
remains a major strength of the IEA collaborative programmes. New strategies mean that 
gaps md overlaps can change. To stimulate and facilitate discussions, this paper outlines 
some possible actions to identify and cover "white spots". It is based on the ongoing 
revision of strategies in EUWP and IAs including technology research, development, 
deployment and information dissemination to Member and Non-Member ceunn5es. A Iot of 
analytical work has already been done by &e ZAs and by EUWP. Many adequate ideas 
exist. Looking at the whole Residential and Commercial Sector and not only at specific 
technology areas creates a better top-down strategic overview. Energy end-use technologies 
for buildings are integrated in renewabIe and infrastructure technologies such as 
photovoltaic, combined heat and power, energy storage, biornass pelleting or gasification, 
district heating and cooling and different energy carrier networks (gas, biofuels, electricity), 
waste and water systems, etc. The growing demand for energy, e.g., electricity, in the 
building sector i s  a crucial issue. 

The importance of sustainability and system integration issues 
The U s  and the EUWP have already in their strategic developments addressed the 
importance of taking a wider look at susfirinability andsystem integration issues, including 
sustainable city planning and national resource management. In workshop discussions with 
EUWF and L4 e.g., a representative of the Europan Commission has highlighted the 
importance of development and demonstration of technologies for safe, economic, clean, 
effective and sustainable preservation, recovery, renovation, construction, dismantling and 
demolition of the built environment, in particular for large groups of buildings. 

Balancing near- and long-term objectives are important 
CERT also encourages the IEA programmes to develop a new generation of technologies 
that are sustainable and innovative, On a long term, the needs for "$actor I U" targets are 
underscored both by some IAs and "top down" reviews. Buildings and their infrastructures 
have long life cycles and balancing near- and long-term objectives are important. The key 
strategic drivers following energy security are the rapid increases of emissions and resource 
usage in the "business as usual '' scenarios presented by the E A  and others (e.g., World 
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strategic drivers following energy security are the rapid increases of emissions md resource 
usage ' I the "business as usual" scenarios presented by the IEA and others (e.g., World 
Energy Council). Nonmember countries (NMCs) will more than double their energy 
demand and CO, emissions by 2020. Especially the perceived needs for reduction of 
greenhouse gas emissions and the Iikely need for a future stabilisation and even reduction of 
the GHG concentrations in the atmosphere are important drivers for innovative far-reaching 
R&D . Many other concerns exist, e.g., stratospheric ozone depletion, proliferation of 
certain hazardous chemicals, depletion of other on long-term scarce resources, etc. 

"White spots'' 
Based on what have been discussed between EUWP and L4 representatives some 
observations could be noted regarding what could be "white spotslareas" in the current 
programmes. A first analysis of the project portfoIios has been carried out and a deeper 
analysis might confirm and add areas of "white spotslareas". 

Short term (2008) i'white spots": 

Cross-crdhrdhng and new activities to faciIitaie the deployptten f of avar'labZe and improved 
energy technologies fJiaf contribute f o improved local and global environmen fa? 
performce.  

CERT noted that this will create increased emphasis for working together with industry to 
reduce barriers to deployment and facilitate deployment by pro-active initiatives. An WC 
task force has started to work on these issues and will report next year. 

"White spots" : Activities to remwe institutional barriers linked to standards, building 
codes and regulations, regarding improved technoZogies and new system. 
The barriers axe different in various countries and shouId preferably be 
subject to coordination. 

"White spots" : Packaging of inform a fion for specific target groups. 
I f  "best practice'' or "'new" technologies, any compilation of technology 
performance and data will require the involvement of outstanding 
expertise. Targeting also non-member countries and including system 
approaches wiIl only increase the demand for such competence. A cross- 
cutting technology learning process and network involving the expertise in 
and around the IEAs should preferably be built up as a tool for Iinking 
IEA technology information to industry and to potential users. 

"White spots": Cooperation with industry on stm'egic Imels to reduce barriers to 
deployment and to increase indus fiy involvement. 
Preferably include networking and capacity building to facilitate a deeper 
involvement of industry in IEA deployment activities. 

Research and Development activities 
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"White spots": Cumurtijr  system imdegrafion and optimtfiaiiorrfor better environmele f 
anti sustainability 
Buildings are always interconnected; e.g., by energy and water supply, 
waste and sewage dischargelrecycling, 'transport systems, 
teIecomnunication, etc. Community and local planning procedures and 
methods will considerably influence the functions and the sustainability of 
buildings. Novel district heating and cooling systems (using designs like 
combined heat and power, low temperature distribution, heat & cool 
storage, heat pumps, different primary fuels and heat sources, heat 
cascading) are examples of important system-innovations providing for 
better sustainability. An increasingly Integrated approach combining many 
technologies, is demonstrated by work undenvay within various R&D 
frameworks, e.g., the EC City of Tomorrow. 

"White spots" : The f d e r  development of design uitd epiimisatiopr tools to faciIifafe a 
wide and rapid deployment of improved and new s fuie-of-the-al.r 
technologies are important. 
Validated computer modelling sohare for buiIding perfornance has in this 
sector (as in most others) presented designas with powerful new design 
tools. They range from modelling of specific subsystems (like room 
ventilation) to city planning or even regional energy and environmental 
planning and optimisation (EA Energy Technology System Analysis 
Programme). Sophisticated tools for modelling and analysis of complex 
systems have been developed for the industrial sector (for instance, the 
analysis around which the lEA Process Integration in Industry Programme 
is conceived). For the building sector similar approaches have been 
discussed and tested but the rigidities and institutional complexity of 
buildings have curbed wider use. It might be noted that the overall second 
Iaw thermodynamic efficiency of heating and cooling systems for buildings 
usually is IOW and limited by system rigidities. A few exceptions exist, 
notably some applications of heat pumps md cogen systems. First law 
efficiencies are not sufficient for describing the opportunities IQ improve 
complex energy systems. Considerable second 1a.r~ eficiencies could be 
reached by use of system integration design methods and the best new 
technologies. Numerous test and pilot plants have demonstrated and verified 
these opportunities. 

Work practices and mode of operation when using a pro-active "top 
down" cross-cutting approach to strategic coordination and development. 

White S pots" : Set up a better Iink mecha~rism to facilitate strategic coordination between 
NationaZ Networks and IEA StaPtdiPrg Committees, IEA Implementing 
Agreements, In fern a f ins! Orgm isutions and Indus fry and its 
organisations. 
This could be done in different ways. The IEA and IA home pages can 
serve as easy entrances (web portal functions) to 2lnks to all organisations 
relevant for strategic updates. If some coordination is done, it would be 
possible to establish mutual communication between parties involved. A 
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user friendly system for linking only the web pages relevant for strategic 
evaluations might be reasonably simple to arrange. CERT has taken steps 
to strengthen the links between CERTIWPs and the IAs. The dialogue 
between the technology experts and the strategy analysts would preferably 
be pro-active and not reactive. CERT has in (9913 T concluded that key 
messages to WPs and IAs are: 
Improve linkages to Member countrieshational policies and measures. 
Increase the emphasis to be pIaced on activities aimed at deploying 
technologies, principally by encouraging IAs to involve industry. 

This issue is related to the informal colIaboration under EXCETP- 
International: Collaboration on Experience Curves for Energy 
Technology Policy. EXCEPT is a virtual organisation initiated by 
IEAICERT. It currently works with three tasks "Case Studies-Global 
Learning and Local Deployment", "Analysis for Policy-making" and 
'LGuideline and Database for Experience Curvesn. Information on 
EXCETP can be found in Doc. IEA/CERT(99)46 and in 
IEA/GB(99)50/ANNI project 1 6.8. Experience curves are widespread 
tools for production and strategic analysis within all levels of technology- 
intensive industry. The fact that gathering experience through acting on 
competitive markets makes individuals, enterprises and industries do better 
is at the heart of the experience curve phenomenon. EXCETP aims, e.g., 
(i) to andyse global learning and local deployment of technologies with 
large potentials in many countries and (ii) to use analysis based on 
experience curves to support IEAKERT fomulation of strategies for 
cooperation on energy RD&D and technology policy. 

Long term (2020) "white spots": 

Cross-cutting and mew actitriti~s to facifiia f e the research, development and demorzsirafion 
of new energy technologies f!t at con fribuie to improved local and global envirorrmerr fal 
performance. 

"White spots": Buildings must adapt to climate change. 
Building codes and regulations, general assessments, etc., need to be 
adjusted to respond to climate change. Impact of heavy winds, extensive 
rains, snow and ice, extreme temperatures, occasional interruptions of 
infrastructure networks, etc., must again be assessed and taken into 
account. 

"White spo tsn: ttFactor 10" fargetsfor erergy R&Il. 
Long term R&D in the building sector has now an additional driver, i.e., 
the increasing acceptance of moving towards sustainability of resources, 
energy, and environment. Several studies have indicated the long-term 
need for "factor 1 0" targets for R&D as reported in the E 998 IEA/IAs 
Hilton Head Workshop and the 1999 IEAIEUWP S t o c ~ o l m  Seminar. It is 
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evident that a major GHG-mitigation impact must come from more 
innovative ways of using fossil fuels, i.e., introduction of techoIogies with 
very limited emissions of greenhouse gases and other pollutants (and not 
only by means of increased efficiency). 

HWhite spots": R&D targeting breukt~zrough shares W O % , )  of renewablar. 
Ambitious promotion programmes far energy efficiency in residential and 
commercial buildings are pursued in several countries with targets varying 
from 15% to 30% reduction of energy use. PiIot R&D programmes aim for 
2575% reduction in certain segments and in the Ionger term (more than 10 
years). Most national and European Commission programmes address the 
importance of increasing the share of renewables in the Residential and 
Commercial Sector as a measure for better susstainability and energy 
security. The targets are challenging, i.e., increases of the shares by 5 0 to 
100% over 10-15 years. However, this still means a target of only some 
10-12% ofthe total energy use in the Residential and Commercial Sector. 

"White spots": FuHher integration of components and technical systems for clusters of 
sustainable b uildi~gs. 

It is well known that these are important links between the performance of 
different building structure components and service systems, equipment, 
etc. Topics like air quality, thermal comfort, moisture and humidity 
baIances are coupled to architectural and technical designs, construction 
procedures, type and function of instdlatians, ancl to the way the building 
is used. PhotevoZtaic, thermal solar systems, heat pumps, etc., are 
dependent on integration due to the need of space and area and reduction 
of first cost. 

"White spots'' : New feclr nologies and concepts for building clmters and sustainable cities 
for i?~e ciw of fornorrow. 
New advanced technologies like fuels cells, electricity and thermal storage 
technoIogies, novel district heating and cooling systems, new energy 
carriers, etc., might open for new concepts regarding sustainable building 
design, construction, management and services in building clusters, cities 
and mega-cities. 
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B. Task Force on Sustainable Building Market Development 

New market development initiatives shouId be encouraged. 
In recent years there has been much emphasis in the IEA on the development of markets for 
improved energy technologies. Attention to market development is particularly timely for 
building-related technologies because trends in the building sector are setting the stage for 
significant changes in the way buildings are designed, constructed and used. This movement 
towards more sustainable buildings will have a large impact on energy use. The Working 
Party on Energy End-Use Technologies (EUWP) appointed this Task Force to advise it on the 
implications of these trends for collaborative work in the building sector and on whether new 
market development initiatives should be encomged. 

There is also a serious gap in the overall programme 
The Task Force has found that the building-related implementing agreements (BRIAs) are 
already pursuing both building sustainability and market development projects. But there is 
much more to be done. Moreover, in an overall perspective the IEA building-sector 
programme appears fragmented and incomplete. It reflects having been designed in response 
to earlier needs driven by the R&D agenda and it has not sficiently adjusted to the current 
emphasis on a holistic, integrated, masket-oriented approach. While some important cross- 
cutting cooperation has been achieved, for the most part each BMA approaches market 
development issues independently.There is also a serious gap in the overaII programme in that 
it does not anywhere directly address the issue of market development policy. 

A more integrated IEA building programme 
In this light the Task Force sees a need for action in support of change from the relevant 
Working Parties, CERT and Member governments. They need to support the BRTAS in their 
efforts to adapt to evolution in the building sector and encourage them to do it in ways that 
will lead to a more integrated IEA building programme. They need to take new initiatives that 
will help to facilitate such adaptation and fill gaps in the building programme. And they need 
to provide the resources necessary to carry out these activities. 

Renewal of the IEA% existing programme for the building sector 
Changing a complex, well-established and decentralised international programme is not an 
easy task - courage will be needed to do it effectively. However, in the view of the Task 
Force, the way to proceed is not by attempting a major structural overhaul -developing and 
agreeing on the design of a new approach wtluId be difficult and subject to great risk - but 
rather by setting up a process that will facilitate a smooth evolution and a renewal of the 
EA's existing programme for the building sector. In practicaI terms, some relatively small 
steps can be taken and built upon in the future. The initiatives we suggest will facilitate the 
adaptation of the BRIAs to sustainable building trends and wilt add some new activities in a 
selective and efficient way. 

A gradual response to the need for change nonetheless involves a serious challenge right now 
for the Working Parties, CERT and Member agencies - namely to$nd the resources that will 
be necessary to put ithe heightened evolu f ionary process into motion. 
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Task Force recommendations 
The EUWP Buildings Coordination Group (BCG) should play a more active role in assisting 
the BRTAs to adapt their programmes to sustainable building trends and become more market- 
oriented. Particularly useful at present wouId be the development of workshops with and for 
t h e  B U S  on the design of market development projects. Member countries shouId be 
encouraged to set in place a mechanism for financing the staff support that will allow the 
BCG to carry out its coordinating work, as well as the workshops and other activities that 
wise out of it. 

l .  In order to enhance contacts between the BRL4s aid external building-related 
organismmons and agencies, the Working Parties should endorse the par ficipation oflEA 
building activities in the IntemafiunaZ Initia f ive for fhe Sustainable Built Environment 
(iiSBE). (More information on iiSBE, a new organisation that will support communication 
and networking in regard to sustainable buiIding issues, is provided in Attachment A.) In 
this regard, the Working Parties should also: endorse the suppert of iiSBE by IEA 
Member countries; suggest to the iiSBE Board of Directors that it invite the BMAs to 
participate in its technical advisory panels; and, through the BCG, designate a 
representative of IEA building sector activities to sit on iiSBE's Board of Directors. h the 
same spirit, iiSBE participants should be encouraged to become involved in BMA 
activities so as to provide additional expertise on the non-energy aspects of building 
issues. 

2. The Working Parties should endorse: 
(a) the establishment olf a process for the exchange of iprformatim on policies for 

sustainable building m arkt  development and their evaluation; 
(b) the development of that process in associutio pi! with iiSBE5 work on ipzformation 

dissemination, and 
(c) the participation of Member governments in the project- 

3. In order to assist in the coordination of the above initiatives and to develop others that will 
contribute to the growth of markets for sustainable energy technologies in buildings, a 
Market Development Unit for Sustainable Buildings should be established in [he IEA 
Secrerariar md M m  ber governments should sec in place a process for financing it. 

4. The Working Parties should encourage new cooperative projec fs in h e  area of market 
development policy andpromotion. These new efforts could include special projects 
coordinated by the Market Development Unit for Sustainable Buildings and the 
development of projects in a new entity specifically designed for that purpose or in 
existing BRTAs. 

5. In order to better csmunicate the objectives of the EUWP for the building sector, the 
designation of rhe Associate Chair for the R e s i d e n t - C e r i  sector should be 
changed to Associate Chair - Buildings. 

These recommendations and their rationale were discussed in more detail in the main report 
from the Task Force, which was presented at the IEAJEUWP meeting in Paris, 5-6 ApriI 
2001. 
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The EUWP recommendations 

l. New sustainable building policy information exchange was approved. See points 2 and 4 
above. 

2. Participation in the International Initiative for the sustainable Built Environment CiiSBE) 
was approved. See point 2 above. 

3. Provide support service for a more active Building Coordinating Group was approved, 
but it requires funding. 

4. The proposal ofa M d e t  Development Unit for Sustainable Buildings in IEA Secretariat 
was discussed and referred back to BCG and to the sectretariat for development and 
further discussions at next meetings. 

Encourage new cooperative projects on market development was strategic and was referred 
back to BCG for pmposds. 
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High-Performance Commercial 
Building: A Technology Roadmap 
Richard H. Karney 
US Department of Energy 
USA 

What is a 
Technology Roadmap? 

+ Indushy-deve@&vision and plan for tfie 
future 

b Roadmps typically contain: 
Trends and drivers 
PerFormanee Targets 
Technology barriers 
Research, developrnenZ and deployment 
needs 
ParticipanCs' roles 

Why is DOE Doing Technojogy 
Roadmaps? 
b Build ~laltionships with indusby 

+Create a RD&P agenda for the indusby (and 
W E )  

+Align WE's amtivities with those impomnt to 
industty 

+Build suppert for DOE activities 

Technology Roadmap Process 

Roadrnap: "what needs to be done?' 

+ Roadmap Workshop(s) 
Broader group 
Develop near-, mid-, and long-term a m i t i e s  to 
meet mormance targets 

+Work with I n d w  Champions 
Develop adivlties deveIqed in workshop 
F~ll in missing details 
Crea€e industry partnerships 

Technology Roadrnap? 
QP m~-horking with building indu* to m a t e  

"Tmology Roadmaps" for a range of 
building technorogies 

C o r n m e a l  buildings 
Lighting 
W~ndom 
Envelope 
HVAC 
Resldmbial bulldlngs + DOEfacilRating mdrnaps - belong to 

"indersby" not DOE 

Technology Roadrnap Process 

4Msioning: 'where should we go?' 

Executive 'Forum 

Industry leaders (CEOs, senior exemhves) 

Develop a vision statement and smteglc 
thru* 

Technology . . -. - - Roadmap Process 

Implementation: 'what should be done 
and who should be involved?' 

$Industry buy-in 

+ Indum and DOE align RD&D a m t i e s  
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Commercial Roadmap 
Participz . ~ t s  

-, tpw 
nd Mher kqm 

+ Building m and -a * B u l l d w q T d ~  
F?sOUfacturee 

150 aqartizations 4 t w e m m t m  

250 people * I ndUSw mgawllons * USOr  
+ PlDfeaaMl m u  * m r c h  OrqaoUahOm * Vnrv- 
+ Utlrher an6 h e y y  SsKc 

Cmwnlu 

Buildings Response to the 
Environment 

* Up until 1 9  century 
Adapt tothemmm 

9 F m  lgm until mid-2P century 
m r n e m m  

+ Late 20m centmy 
trpate l&Wl Intenor mmes Kgaddess d 

mmnrnmt 

4 21th century 
work wlm Ew envlmment 

Buildings in 2050 
- 4btvekPr * ~ R e a x r ~  

O r g a r .  - a m  dun ( I l k  
human a n )  

M b U t e d .  site levd 

4Venblabon * 
W a r n .  p e m w M  

B;oloptd inbcgrated aah 
e-alnctrlns 

k w W  from dlllaning Zero dlsdrarge 
+bhtenals +Dlgiral 

m a n r  cm- Mrnsemm.-Eacd 
"Plu!lwlav bulldlog conbbis, mtmng, 
W& matcrlak sr swlrc  WUCIPS cwu& 

4iighhng -martdvsY 
h f ~ d  mxruras  W) +Tr;nsportauunfland U a  
Dtnamr Iwds, dbYbgh11q k n  budu~.sr - no b u m  

*Thermal condrbming +FimncelEconomfcs 
M s ~ a l e  wrurce indwldual Servce f a16  - nM pmdum 
Cmtd Lnng-ten. K c q c l e  m 

Commercial Building Roadmap 
Strategies 

-L 

Performance Metrtc+. 
EstaMsh k q  M n l b o n s  and meba for h-- corn-l 
bulldlq% 

Technology Development 
Prdop m e m r  ~rmgratbm. mmlrodng. and Mherl&im@~es that 
enabk aunmemal hurldlngr m omlnalb x h w e  targePed performam 
levels m r  thew Ink cyder 

Procm Change 

Market Transformation 
Stlmu'aw matW denand fw mgbpcrfomsnce m m m a l  h l d m g s  

demolmmunq and mmrnurnng mnlpcnlnq cmntrmc 
advantaw. 

Hig h-Performance Commercial 
Buildings Vision Statement 

. . . . . - 

€W the vear 2020: 
+' S&I p~Mdp&xe w m h  ps wli W.vw 

hahh adaobole wsta nabk mst-eflecbve 
~ c d l  bulldlrgs 

+ Advarrcer In blldng dewgn and cpszhn  will 
glmpk sdvtlons tn addmr me mnplex rntsrxtmts d 
systerru and equvnmt 

+ America's -a! h u l W g s  All be dues 
m p a n a ,  own-, hllders, and mmnmri!& as 
heatthy, prOduEbve. and desrable plms k m ,  
work, and pby 

Technology Workshop: 
'State-of-the Art' Buildings 
C 

1949 20(10 
+ Vamm-tube products + S~l~am, mnymtemc Internet, 

(B&W W, radio), e-mail 
te le~bne, telegraph * MM& use build~ngs * Ofice b e m m ~  Q Buildings net w p m  of  
d0mlM~t  building type energy 

ib Sealed Class Box * 'Whole' bdlding concept, 
(Internattonal Style) include communities 
Suburb as ideal + More human, organic. 

*. 'Technology can solve env~rnnmental respomlblllty 
werything' * Closing the arde--waste + 'mrowaway' M e t y  mazenabs b r n e  prcductr; 

Buildings of the Zl* Century 
'Smart materials' that  can r e s p d  to external 
condttlons by changing thelr cobr, shape, Mffnea, 
or perrneab~l i  to air or liquids omld become the 
stuff of future 6ttes whose bu~ldings are more 
comfortable and better able to field sudden r lo lwt 
challenges from earthquakes or terrorist bombs. 
Smart rnatenals also could lead to  cities whose 
infrastructure can sense-and even automat~cally 
compensate for--the wounds of corrmlon, metal 
fatlgue, age, and the other sllngs and a m 5  of 
urban decay. 

WPCB Roadmap 
Implementation 

Roadmap Sbakgies DOE Programs 
+ High Performance 

Pwrwmance Metrta Commercial Buildings 

$Indoor Air Quality 
Technoeosr Development +Commercial Codes 

Pro- Qlange 
+Rebuild America 

Market T ranmat ion  @Energy Star Building 
La be1 
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HPCB Roadmap 
Implementation 

I _ 
Roadmap Strategies DOE Programs 

+High Performance 
Performance MM Commercial Buildings 

Indoor Air Quality 
Tanology Dewlopment Cornrnera'al Codes 

hocess mange 

Market Transfomratlon 
La be1 

HPCB Roadmap 
Implementation 

Roadmap Sbategies DOE Programs 
+ High PerFormance 

Performance M c s  Commercial Buildings 
+Indoor Ajr Quality 

Tdnology Development +Commerdal Codes / 
R W ~ S  ~ a n g <  

Rebuild America 
Market Transforma'tian +Energy Star Building 

Label 

HPCB Roadmap 
Implementation 

Roadmap Strategies DOE Programs 
+ High Performance 

P e r f o m n e  Commercial Buildings 
+Indoor Air Qualdy L 

Tdnolw +Commercial Codes 

Pmi% mange 
Rebuild Amwica 

Mahet Tramfornation +Energy Star Building 
La be1 

HPCB Roadmap 
Implementation 

Roadmap Strategies DUE Pwrams 
+High Performance 

Performance Mwcs + Commercial Buildings 
,!+Indoor Air Quality 

TechmloR' DmlWment +Commecia, 
I 4  - - 

P m s s  Change : " 
!: 9 Rebuild America 

wmt m n s f o n n m n ~ 9 .  ~nergy Star Building 
Label 

. . Surnmarj Summary (continued) 

+Future technologies (next 20 years) are  4 Roadmap promok subsbntral change in 
already here how buildings are designed, built, operated, 

+Significant improvements in emdent and malntalned+tearn, working together 
throughout building lifecycle 

use of nonrenewable and renewable 
energy sources and environmental +Requires publiqlprivate partnelrhips to create 
impact improvements possible now- 21* century buildings from the shared vision 
savings of 50-80% over typical pmctice 
often at no increase in capital cost +Ewlyone working from same flan 
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High-Performance Bldgs 125 
y dars ago 

+ In lBBl bv M wdneer and V.S. Ainw General 
~ r n h  C MS ZIXI&~IW In 1887, & bJi16mg was 
owmatv built to hwse the P e n m  Bbrea~ and w a  ater 

+ h nynic& of mndows;mrs, and apw a m  
a l h s  me Creat Hall to furnon ag a m r  of lrght and air. 
The .mpressre lb an Rma.ssancg a w n ,  with ffi c e n b J ~  
fwntaln and eght m105531 Connthbn d u r n n s -  among 'the 
tallest ~ntenw mlumns In the world - has also made the Great 
Hall a scught-a'ts sp3t b r  gala evmb, lndudjng many 
Peesdmhl Inaugural Ba 'S, drom 3885 to the m n t  day. 

+ The bu~ldlm was msbucted behvm l082 and 1887. orwmalR 
c& ~)86 ,6 i4 .04  to bu d and IS h n of 15,503,000 o k h M '  
bnck ano t m  mtta ornanenl. The b.. lo ng measJres 4 0 0  feet 
by 233 leer and 1s 75 feet :O me me Iwe. 

Info on all Building 
Technology Roadmaps 

Building Technology Roadmaps: 
mmr.eren.du%gov/ buildingsltechntllogy-rwdmaps 

High-Performance Commercial Buildings: 
A T ~ h n o l o g y  Rmdmap: 

w w w ~ n . d a . g o v / b u i l d i n g s / w m m e ~ i a ~ ~ m a p  

DOE'S buildings RD&D programs: 
wwwmen.dw.gav/ buildings! 

Building Technology 
Roadmaps Status 
+ V& 2020 Lghting T e c ~ l y  R d m p  

publ~shed March 2000 

+Windows Industry Technology Roadmap 
published May 2000 

+ High-Performance commercial Buiktings: A 
Techn~logy Roadmap published October ZOO0 

+ Building Enwlope Technoiqy Roadmap work 
starkd in 2000, expeck to publish Spring 2001 
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Long-Term Trends in the Swiss 
Building Sector 
Mark Zimmemann 
EMPA ZEN 
Switzerland 

Since about 1960 the Swiss building sector has been consuming more resources than any 
other part of the Swiss economy. About 10 % of building sector energy consumption is 
accounted for by construction and a W e r  SO % by the operation of the building stock. The 
second largest energy consumer, with nearly 30 % of total consumption, is the transportation 
sector. During the Iast decade building energy consumption has stabilised despite the 
continued growth in building stock. But transportation requirements are still growing. 

Setting optimism aside, we still need to ask haw the building sector will deveIop in future. Is 
there further potential for improvement? What are the long tern trends in the building sector? 

Buildings are normally constructed for the next 30 to 100 years. Although it is difficult to 
forecast what will change during this time, looking ahead to the future and trying to 
understand future needs is never a wasted exercise. When looking ahead, we have to 
distinguish between desirable, feasible and likely developments. Unfortunately not every 
desirable development is also likely to come to fruition. A sustainable society with a 
sustainable construction sector is certainly a desirable scenario. Yet we cannot say to what 
extent a sustainable building sector wiIl be achievable over forthcoming decades. 
Nevertheless, it is still important to push developments in the right direction. 

Figure l .  UnforfunateIy only a few scenarios are 
desirable, possible and also probable at the same time 

Future changes will be strongly influenced by social and economic conditions. 
m The economic situation will change much faster than in the past. Versatility and flexibility 

will become important characteristics of buildings. The final installations and finishes will 
be increasingly left to the tenants, especially in the commercial sector. This could often 
hinder integrated solutions. 
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* Building retrofit will of necessity gain in significance. The question of whether demolish 
and reconstruct rather than continuously retrofit will become increasingly important. 
Demands for high building standards will rise. Low quality buildings wiIl not be able to 
satisfy these demands and are therefore better demolished. 
Retrofit and demolition will cause a growing number of waste problems. Repmbility and 
building waste recycling will become an important issue that has to be thought of before 
canstruction. Increasingly, component replacement will replace repair work. 
Our economy is heavily dependent on the availability of cheap fossil fuels. Within the 
next 30 years, demand wiIl outstrip supply and a large increase in energy prices is to be 
expected. While this will not cause any problems for energy efficient buildings, it will 
1 ave a severe impact on the economy and especially the energy supply to third world 
countries. 
Trafic will continue to increase in all sectors Cpublic and private, short- and long- 
distance). 

Apart from these economic and social boundary conditions, some clear technological trends 
are emerging: 

Immense progress has been made in the field of energy efficiency. Heating energy 
consumption has been reduced from an average of about 25 litres per rn2 a year to about 
1.5 litres of oil equivalent. The Minergie and the Passive House Standard have established 
the basis for broad use of this technology. It is possible to reduce heating energy 
consumption to 10 times lower than average not only in experimenlal houses but also in 
normal new buildings. In such buildings, the heating systems is no longer a central 
instaIIation. 
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Energy consumption ~ ~ ~ l r n ~ a ]  
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Figure 2. E~lergv conwmption of diferent building energy standarb. The Passive House 
comes already very close to susbuinabiliry, as fur as primary energy consumption is 
concerned (Basis: 2000 Watt Sociery). 

The trend towards heavily glazed building envelopes that allow transparency and 
brightness will continue. This trend is also driven by innovative new technologies (such as 
electrochromic glazing, integrated photovoltaics etc.). The need for optimal sun protection 
will increase. 

m Mechanical ventilation will become a standard technology, off&ng both comfort and 
energy efficiency thanks to efficient heat recovery. Air handling units will include 
intelligent energy management systems and will g u m t e e  optimal air quality. They wilI 
replace traditional central heating systems. 
Renewable energy - such as solar energy for hot water and heating support or eEcient 
and clean wood stoves - will be standard technologies in future homes. Other 
technologies like photovolltaics or transparent insulation will still need further 
development. 
Electrici-Sy consumption will firther increase. Electronic networks, wireless 
communication and powerful information technologies in particular will undergo as yet 
unforeseeable further development. The number of instaI1ations and performance gains 
will outpace the savings generated by technological advances. Photovoltaics, fuel cells 
and electriciv management systems will therefore play an important role in future new 
buildings and retrofits. 

Overall, building technical systems will become smaller but more versatile. The IOW heating 
requirement will necessitate a reappraisal of the need for traditional central heating systems. 
With heavily glazed facades, comfort problems will tend to occur in summer rather than 
winter, and cooling will become as important as heating. Reversible systerns that can both 
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heat and cool buiIdhgs will dominate. Small electrical heating pumps wilI become more 
common. The COP will improve greatly and a COP of about 6 will be achieved for both 
heating and cooling. The use of ambient heat m d  cold will grow, especially using ground- 
coupled air systems and ground pipes. Electricity will be partially produced on site, using PV 
cells during the day and fuel cells at night and in winter. Intelligent energy management 
systems will optimise the use of the availabIe electricity. These compIex energy systems will 
increasingly be available as complete energy centres. "Plug arid play" combined with 
minimurn engineering will aIso become the rule in building equipment. Increasing 
globalisation will limit the development and maintenance of such systems to a few 
international companies only. Customised solutions wilI only be possible for very large 
systems. 

Domestic hot water supplies will become an important energy consumer. Solar hot water 
systems and hot water pumps that recover waste heat, will become standard technologies. 
There will be little change in hot water consumption. 

Figure 3. Example for an advanced renovufion in Zurich. Also old buildings can achieve the 
Passive House Standard if a complete retrofit is poxsib Ze. 

In 30 years time there will also be conventional buildings that are basically unchanged from 
today's buildings. In particular, many existing buildings will only change slightly because 
retrofit measures are expensive. However, such buildings will need other qualities if they are 
to compete against increasing comfort expectations. Unless they are well situated, 
architectwally outstanding or they of high historical value, they will have difficulty justifying 
their high energy cost and low comfort levels. 
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Urban Planning for a Green 
Sustainable Future 
Tony Rigg, CO-Direetor, 
UIA Work Programme on Architecture & Energy 
Israel 

Historical Outline 
In The Beginning, when fossil fuel based energy was not easily and cheaply available, aIE was 
Green. 
With arrival of the era of Cheap and Available Energy, and with it Mechanised Transport, 
things began ta change. 
Urban planning and building design became divorced from environmental considerations and 
responsibility: 

BuiIdings ceased to be designed on the basis of form & orientation in relation to 
climate, and it became the norm for thermal comfort & functionality of buiIdings to 
depend entirely on mechanised, energy-dependent systems. 
Daylight ceased to be considered as the main source of d a m e  illumination. 
Use of locally available materials ceased to be a factor in building design. 
Mechanised transport, in the form of the private car, became the generating force in 
the planning and development of cities, and in the creation of urban sprawl. 

And Cities Grew.. .and Grew.. . 

Current Situation 
Today, we are aware that the course of deveIopment foIEowed over the last hundred years is 
creating a dangerous impact on the whole global eco-system, and that steps must be taken to 
change this course if environmental changes and disaster are to be avoided. This is the 
challenge facing the urban planning and building design establishment today. 

Breakdown of Glabal Energy Consumption 

Other Heating, 
l n dustria l 1 0% Cooling, & 
Process 

Lighting of 
20% 

Buildings 
45% 

Transport Building 
20% Construction 

5% 

l 



IEA Future Building Forum 
C ;&\ c% 

3rd FBF Think Tank Workshop /-' 

Today, 45% of global energy consumption is used for heating, cooling & lighting of 
buildings, with a further 5% in building construction. Over 50% of this energy could have 
been saved through improved, climatically sensitive building design and construction, an 
a purely economic basis. 

Global Energy Cbnsurnptien 

1930 1940 1950 7960 1970 1980 1990 

Years 

Cities account for the majority of global resource consumption, produce most of the world's 
waste and pollution, and directly and indirectly are responsibIe for the majority of global 
environmental degradation. This is becoming increasingly important with the exponential 
growth of cities as a global phenomenon: in 1900, 14% of the global population of 1 .S billion 
lived in cities, whereas today, 50% of the present global popuIation of 6 billion are urban 
dwellers - an actual increase of over 1000%. 

Global Rpulation Trend 

I time I 

If we look 25 years down the road, we see that globally, the population living in cities (of one 
million+) will almost double, and that the urban built environment will at least double with it, 
taking into account rising standards of living, dwellings, & workplaces. 
We should also be acutely aware that most ofthis urban expansion will take place in the 
developing areas of the world, in Central & South America, Africa, & Asia, and not in North 
America & Europe. However, the degree do which this urban expansion impacts global 
environmental degradation & resource depletion will affect everyone, everywhere. This 
scenario must be a driving force behind our-visions for the future. 
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There are two options that can be taken with this massive "opportunity": 
Either to continue with current status quo in trends of design and construction, and continue 
the exponential growth of urban energy consumption, or to take the "green" road and 
drastically improve the energy and economic efficiency of the deveIoping built environment. 
The choice wiIl be taken, one way or the other, 

It is dear, however, that without directed pressure, education, regulation & incentive, the 
status quo will prevail, by default. 

I f  the developing world succeeds in taking the "Green Road", it will massively reduce the 
potential dependence on (largely imported) fossil f k l  energy, reduce C02 emissions, and 
improve the overall standards of living, working and comfort conditions. Since the real cosfs 
involved in taking the Green Road are negligible, can we f iord  not to take it? 

Furthemore, we need to take action now to "'make a difference", and inn uence the course of 
events: in 10 years down the road the fzcts on the ground will be massive, and urban 
development, once carried out, leaves only smaIE. opportunities for future improvement in 
reality. 

Elements of "Green3' & Sustainable Design & Development 
If we are to take advantage of the opportunity before us, we must plan, design, and build in 
ways that will bring us onto the '"en Road"'. This of course requires "doing things 
differentIyW, compared to present practice. Whereas in northern Europe there is significant 
offlcial movement in this direction (as demonstrated at the Sustainable Building 2000 
Conference in Maastrich, October 2000), in most other areas of the world, official concern 
and action is only just beginning, if at all. 

A frequently asked question is " w h t  are the issues thaf we hove to deal with? " 
I have tried to put together check-list of the more energy-related concepts & issues of "Green" 
planning, development and buiI ding . 

Planning for Sustainability 
Re-Definition of "The City'' is required to create an ecoIogicaIIy and socially sustainable, 
optimal "'life-basis" for the majority of mankind. This is an important consideration, now that 
"The City" has become the normative basis for life for more than 50% of mankind: as such, 
we should aim to make it the optimal basis for life. 

However, when discussing the "sustainable city7', we come up against a problem of 
definitions: it is far easier to define what a sustainable city is not, than to say what it sJruu~d 
be, as we have no existing models to look to. We have no "image" of the sustainable city to 
"sell". The best we can do is to analyse the issues, and then try to formulate a model as a basis 
for actual development and application. 

Issues of Urban Sustainability 
We must achieve an integration of urban planning and transport systems so that transport 
works as a service o f  the City, not a substitute for it. 
Firstly, mixed-use high-density development, multiple centres, & public facilities should be 
coordinated along dedicated primary public transport routes. All major public, cultural & 
commercial facilities should be located within pedestrian distance of primary public transport 
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routes. Planning priority should be given to public transport systems, making the private car a 
secondary option for urban travel. (SuccessfuIly achieved in Curitiba, Brazil) This integration 
both reduces the guanfify of urban travel required, and the energy required to facilitate it. 
However, economical dedicated public transport routes are a surface network, and can rarely 
be retrofitted into an existing urban fabric. After-the-fact construction of underground 
transport systems cost 50 b 80 times that of a "Curitiba type'>oIution, and as such can rarely 
be realistic solutions. 

Parallel to this, the city shouId be planned, as far as is possible, to make pedestrian & bicycle 
scale access the norm of daily Iife. Everyday activities, involving movement between 
residence, place of work, schools, shops, daily recreation, and access to nature, should all 
have options within distances independent of mechanized bransport. 

The Sustainable City must develop a "cyclic metabolism" of processes of production, 
consumption & recycling, as opposed to the c m n t  "Linear Throughput" and mass waste 
generation model. This involves the integration of all city activities & processes into a cyclic 
regenerative system, with minimal environmental pollution and impact. Urban management 
and incentive are required to direct the ourput of each "process" as resource lnpuf to another, 
resulting in "absoIute waste" only as an option of last resort. These processes include all 
materia1, water, and energy flows: such a system, when properly managed & integrated, can 
result in dramatic economic savings, aside from reduction of pollution. 

The City should be developed in sympathy with its local climatic conditions, using the local 
climate as a generator of sustainable planning concepts. 
Urban morphology determines the shading or exposure of streets, pubf c spaces, & buildings 
to sun & wind. This in turn determines the comfort quaIities of the urban microclimate, and to 
a large extent detemines whether wban "heat island"' effects will be created. (In Athens for 
example, some city-centre areas are up to 17 degree C hotter than surrounding suburban 
areas). 

Urban planning also detemines the orientation of spaces & buildings, & thus detemines the 
solar & daylight access of buildings, and consequentially the potential building energy 
demand for heating, cooling, & lighting, and potential use of passive heating and photovoltaic 
generation. It also determines airflow through the urban matrix, and thus potential use of 
natural ventilation for cooling effect in buildings. Planning aIso determines run-off & 
absorption of rainwater at the urban scale, & thus "urban greenery" levels, and resulting 
thermal micro-climatic conditions. 

The luxury of ignoring energy issues is fading fast, and energy-responsible urban systems are 
going to be needed to deal with increasing energy costs, pollution, and UN Climate Change 
Convention requirements. 

Apart from reduction of energy demand and consumption in urban transport, and heating, 
cooling, & lighting of buildings, we must plan for maximum urban use of renewable energy 
sources, primarily solar and photovoltaic, but also wind & geothemal energy where relevant. 
We should use the most eflcient di least polluting energg generation sysiems, including waste 
ox surplus energy conversion & reuse, and CO-generation & combined-cycle systems: where 
possibIe, we should use natural gas energy to minimise C02, SOx, & NOx pollution, and also 
maximise urban forest vegetation for absorption of C02 & SOx. 
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Building for Sustainability 
Within the context of the sustainable city, we must create "green" buildings. Currently, the 
knowledge exists to design modern, technologically advanced, economic, clirnaticaIly 
responsive buildings that are also ecologicalIy friendly and healthy for their inhabitants. Over 
the last twenty years this knowledge has been researched, developed, tested and applied in 
many demonstration projects worldwide, and is no longer at all experimental. However, they 
have not been widely applied in mainstream building construction, and "mainstreaming 
green" design is a major chaIlenge in today's context. 

We should design buildings in response to climate, applying strategies of climatic design, 
using the local climatic conditions to generate indoor comfort conditions. This is achieved 
through conceptual planning, using building form and orientation to reduce heating &/or 
cooling demands, then applying passive design concepts to provide natural heating &/or 
cooling effects, & only then considering imported energy input. We should design for 
maximum use of daylighting for all possible illumination requirements during daylight hours. 

Buildings thus designed are inherently more comfortable for their occupants, apart from 
saving energy and thus reducing poIIution throughout their life, and they can make a 
significant contribution towards expectations of increased standards of living and comfort. 

However, as stated above, the potential to achieve this is first of all determined by the urban 
morphological context. 

Since buildings are the major consumers of natural and manufactured resources, we should 
design for efficiency of building material use, avoid major use of scarce or distant-source 
materials, and avoid using materials whose supply causes environmental degradation. We 
should design to reduce the embodied energy in buildings, and restrict use of non-recyclable 
high-energy materials. 

Buildings represent a massive investment of financial, social and material resources, and 
should be designed for longevity. This includes design for retaining, re-using, & recycling of 
building materials, & design for flexible re-use of buildings as a whole. 

The Future 
The above is an overaIl view of the major issues we should be exmining in urban planning, 
building design md construction o v a  the coming years, in order to address the problems of 
environmental pollution and degradation. Above all, time is not an our side in this quandary. 
The process of climatic change is generally agreed to have reached a state of non-reversibility, 
and the question is how far can we act: to reduce the scale of unpredictable global 
environmentaE changes? 

Areas for IEA to impact the Urban Development of the next 25 years 

Considering the City as a whole 
Studying the activities of the LEA (through its web-sites), I was struck by the wide variety of 
detail issues addressed, studied, and assessed. They were, though, all details in detail, bits- 
and-pieces of the puzzle: I do not see study of the organism of the City as a whole, fmm an 
energy efficiency point of view. 
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AII these details fit together, act and interact (or not) together within the overall framework, 
which is the city. However, when you consider each of them individually, you miss the 
interaction, the interdependence, and f!2e interactive possibiZifE'ds that occur within the city 
context. 

The City & Energy Efficiency 
There are a number of energy-related City issues that call for investigative attention: 

Energy-process flows. efficiency & wastape 
The City is an energy-based organism, and without energy-flows, the city cannot exist, at 
least in the form that we understand today. The concept of "Minimum Energy City" is a 
subject that deserves serious conceptual investigation in its own right. 

The dominant city energy-flow is in the form of electricity, which achieves maximum end- 
use delivery of only 70% of primary fossil h e 1  calorific value. This delivered electricity is 
very high grade energy, and should be used where this Is necessary - not in low-grade heating 
applications ! 

Maybe district heating systems can be "morphed" into a low grade energy transfer urban 
infrastructure, transferring, for example, "waste" process heat from energy intensive 
manufacturing processes or large cooling compressors, to other urban processes requiring 
low-grade heating energy. h urban thermal loop, perhaps relevant in high-density urban 
contexts. 

These are just some examples of Cyclic City Processes in the energy sector that must be part 
of the Sustainable City of the hture: the actual solutions will be far more sophisticated, as the 
possibiIities & potentials become understood. In the Sustainable City, energy wastage should 
be a phenomenon of t h e  past. 

Urban Microclimate & Heat Island Formation 
The formation of Urban Heat IsIands, with a microclimate signtficantly warmer than 
surrounding suburban & ruraI areas is a well-known phenomenon. In some cold-climate 
regions this can be an advantage, reducing building heating loads - as long as it does not 
result in creating summer cooling loads. 

However, in warmer areas of the world, including most uf the areas u~heue rapid urban 
development is takingplace (& will continue to do so), heat islands are a growing problem, 
with potentially dramatic impact of building HVAC loads & energy demand. In Athens, a 
recent study showed some city-centre areas to have temperatures 1 7 degC higher than 
surraunding suburban areas, resulting in a x3+ increase in peak summer cooling loads. 
Clearly this is a highly undesirable (besides uncamf0rtabIe) situation, to be avoided by all 
possible means. 

While the heat island effect is known, and the causes more or less understood, as far as I 
know, no work has been done on conceptual p l h g  to avoid creating heat islands. It is 
necessary to develop an understanding of the balance of built density, urban form, proportion 
and density-distribution of green open-space, type and colour of buildings & exposed hard 
surfaces, and their combined impact on heat island development, relative to local climatic 
conditions. 
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This is an extremely argent area for action, in view of rapid timescde of developing 
world urbanisation: once the mistakes are made at the urban scale, it is virtually 
impossible to reverse the situation. 

Urban Planning and Building Enerw Demand 
Heat island problems aside, urban planning has a large impact on potential building energy 
demand. Through site selection, Iand-use planning relative to topography, and building site 
form & orientation, urban planning determines the potential exposure of buildings to climate 
- for good & for bad. It detemines the degree of exposure to wind & rain, sun & daylight, all 
the elements affecting good climatic and 'passive' building design. 

All this is known, but again as far as I know, no meaningful studies have been carried out on 
the impact of urban morphology on potential building energy demands at an urban scale, in 
different climatic scenarios. Ideally, we should develop an interactive urban thermal model 
planning tool. 

This could be extremely meaningful, as the economic differences between good, energy- 
efficient pIming, and energy wasteful urban development in most instances will be 
negligible, or non-existent. 

Rates of Urban Dweloprnent and Urgency of Action 
We sit here in a pleasant, comfortable, developed (& developmentally static) situation, far 
removed from the action of development that is rocking our world. In spite of this idyllic 
Nordic setting, we must respond to, and act in relation to the real problems of urban 
development that are taking place at breakneck speed, "somewhere else". 
Facing and addressing flrese problems will have an impact on the future for all of us (or our 
children]; fine tuning the environmental imbalances of Scandinavia (whilst a worthy god in 
itseIf) will have virtually no impact on the global future. 

From the point of view of the developed world it is difficult to appreciate the rate of urban 
development taking place elsewhere, and the potential impact of the "mistakes" being made 
now. 

As an example, Israel is a country straddling both worlds, devePoped & developing. In terms 
of standards of living, it is close to the developed world, but in rate of development it is 
certainly 'developing'. While Israel is already one of the most densely populated patches of 
Iand in the world (on a par with HoIIand), the Israel National Master Plan for 2020 foresees 
that of the building stock that will exist in 2020,60% does nor exist toduy! 
This is based on predictions of natural growth, demand for higher space standards as a result 
of increased standards of living and a high increase in quantity and standards of workspaces. 
The rate of growth of urban building stock is higher than the rate of population growth. 
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Growth of Building Stock in Israel 

Existing Stock .Addition by 2020 j 

All these factors exist in most of the "takeoff' economies of the developing world, and are 
impacting the rate of urban development at "rolIer-coaster" speed all over the globe. 



IEA Future Buiiding Forum 
3rd FBF Think Tank Workshop 

Workshop Presentations 





FEA Future Building forum 
3rd FBF Think Tank Workshop 

The control of the indoor air quality (IAQ) is becoming an issue of growing concern 
regarding the health and comfort indoors and CO-related societal parameters such as public 
health in general, productivity of the occupants and market value of the property. 

The scope of the pollution load was recently widened and seems to be now cEearly defined 
occupants and their activities, materials, HVAC systems and cleaning products. The issue is 
about the quantification of the pollution load and, maybe even more problematic, the 
apportionment of the sources: how do they interact and how do they contribute for the overall 
pollution load. For a long t h e  only the occupants and their activities were considered as the 
unique poIlution sources. 

After the knowledge acquired for the last twenty years regarding the thermal behaviour of 
buildings it is now clear that ventilation rates must be defined in relation to the pollution load. 
Other uses of the supplied air, namely for heating and cooling, must be considered in addition 
to its contribution to good IAQ. 

Ventilation (very often associated with filtration) was considered to be a panacea for good 
IAQ until it was realised that ventilation involves in general energy use that consequently may 
imply, besides higher running costs, worsening of the outdoor air. The experience of the 
energy crisis of the late 70s, early 80s and its implications on the revision of ASHRAE 
Ventilation Standards, is eloquent about what can be the Impact of the energy restrictions. 
And yet, at that time the pollution sources had not been fully identified. 

Among the strategies for IAQ control, also in tune with new concepts such as building 
sustainability, emerges the sources control strategy which implies the reduction of the 
poI1ution strength at the origin. This means reducing pollution sources by selecting cleaner 
materials and adopting appropriate routines for maintaining HVAC systems and components. 

Sustainable buildings shall use less energy. Ventilation first purpose is IAQ. To manage those 
two objectives: low energy use and good IAQ, buildings shall use clean materials and use 
clean ventilation systems. So, the needs for air will be lower and, therefore, less energy used 
because there will be less air to be handled and heated or cooled before being supplied 
indoors. 
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Findings from Timber Project: 
Energy Performances of Different 
Envelope Components 
M. Zinzi, G. Fasano, C. Romeo 
ENEA-SIE-DINT Universiti "LA Sapiem" 
Italy Italy 

1. Introduction 
This paper deals with preliminary studies carried on during the design phase on an ofice 
building to be built in Rome. The research is part of TIBER (Technologically Innovative 
Building with Energy Rational use), a Project financed by the THERMIE Programme. 
TIBER i s  a project that strictly works with PTIR (Rome Industrial Technology Park), a 
consortium aimed to create a technology park in Rome [l], The general aim of TIBER is to 
implement, promote and apply innovative energy conservation technologies, solar techniques, 
systems and standards for ofice-laboratories building, to be used as reference consbxctisn for 
the other buildings of P m .  

Specific objectives of TWER can be summarised with the foIlowing: 
* Ta prove and promote to the architects, engineers, developers and builders that energy 

conservation techologies and solar systems are technically and economically viable, safe 
and strategic. Thus they can be applied commercially. 
To demonstrate that it is possible to significantly reduce the existing energy consumption 
standards for office and laboratory buildings concerning heating, cooling, ventilation and 
lighting. 

m To apply new research results on passive soIar and ventilation systems and technologies 
inside a real building to reduce energy consumption, wit h an integrated approach to the 
design. 
To provide a low energy use and high quality indoor visual environment through an 
efficient and integrated use of daylight and artificia1 lighting, and dedicated control 
slmlegies. 
To combine efficiently advanced HVAC systems with the proposed passive ventilation 
and solar systems in order to integrate lead management systems. 
To improve Indoor Air Quality through the use of innovative demand control and 
management of ventilation systems, microclimate parameters and ecology compatibIe 
materials. 

* To use low cost maintenance materials and standardised construction techniques (concrete 
frame, low-brick, selective double glazing units, etc.). 

A building is a complex energy system and its performances can be improved operating on 
different components, according to various parameters as: physical and geometrical 
chtracteristic of the building, air conditioning devices and sbtegies, cIirnatic conditions, 
users behaviour and computer integrated building systems, a new important issue in 
retrofitting and new buildings. 
The proposed architectural and techological components are an interesting example of 
innovative and efficient applications that can be promoted and taken up by the market. 
Moreover, ~e proposed combination and integration of solar technologies and other 
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The proposed architectural and technological components are an interesting example of 
innovative and effiGient applications that can be promoted and taken up by the r-arket. 
Moreover, the proposed combination and integration of solar technologies and other 
consumption-limiting measures are part of a whole innovative approach to t h e  building 
design. 

This report, in particular, deals with the energy performances advantages achievable 
improving the envelope characteristics. It must be noted that such operations (as adding 
insulating layers to the walls, mounting shading devices, etc.) often take place in building 
retrofitting, affecting the real efficacy of the operation. As a matter of fact, this limitation 
depends on operating an already existing and degraded components. More over, t he  extr.- 
costs and alteration of the initial aesthetic of the building are unavoidable consequences in 
retrofitting opmations. 

Conversely, consistent economical and technical advantages can be obtained if the 
performances of different envelope products are predicted and evaluated during the 
architectura1 design phase- A comparative analysis o f  performances of the building, equipped 
with different envelope components and materials, was carried out and in this report some 
significant results are summarised for the overall energy performance of the building to be 
constructed. 

It is important to remind that the architectural and system designs were steered according to 
Italian legislation and standards for building and system performances, upgraded, when 
needed, with AS= Fundamentals. 

2. Description of the Building 
The building site is in a development zone on the north-east outskirts of Rome. The area of 
the site is 75 ha; this first building will have a volume of about 12.000 cubic metres out of the 
1.5 million to be built on the same site. The schematic plan of the reference building is 
presented in Figure 1. 

The project comprises four three-story oEce/laboratory blocks of different architectural 
design and one story block at the third level (block 4 in Figure I). The subdivision of the 
whole building in five blocks was decided to permit a more flexible management of the five 
companies that will be hosted in the building. Table I describes the building and its five 
bIocks. h next paragraphs the associated number will identify each block. 

It must be reminded that the total area and volume do not coincide with the s m  of the single 
block, because of colIective spaces at ground level and stairs to upper levels. 
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Parco Am bi entale 

A.C.E.A. E.N.E.A. F i e r e  I :  
Schematic Zuyout of 
fhe building 

Table 1: Description qf the building block 
Block Floor Area [mZ] Volume [mJ] Occupants Orientation 

1 343 3402 60 NE-NO 
2 172 1468 25 NE 
3 3 32 1101 45 SE 
4 7 32 376 20 SO - 
5 f 72 1468 50 NO 

Total 1200 12000 200 NE-NO-SE-SO 

3. Description of the Climate and Weather 
According to a correct way of conceiving a building it is necessary to create a close relation 
in space and time between architectural objects and environmental conditions. Hence it is 
essential integrating the cIimatic component in making architecture. In order to consider 
climatic conditions of a particular site, a report covering the whole annual cycle is needed. 
Weather I O C ~  data, measured by weather stations, may give information, which wiII allow to 
direct towards the most favourable design choices. However, the main object must always 
sets out to achieve the best level of indoor comfort and air quality. 

Specific site's weather data used in executing the building dynamic simulation involve 
various meteorological parameters. At every time step weather data appear in combination 
each to other and it's difficult to value their respective weight. Architectural and HVAC 
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solutions to every single climatic problem should be taken side by side in a climatically well- 
balanced building. 

10 20 I 

5 10 

i 0 0 

I Gen Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dic 

Figure 2: Monthly avernge d ~ i b  air temperature, wind speed and relative kumidily 

An assigned site has a satisfactory climate characterisation when the following measured data 
are avaiIable: 

Monthly average daily global horizontal solar radiation 
Monthly average temperatuse 
Monthly average humidity ratio 

m Monthly average wind speed and prevalent direction 
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Figwe 32: monthly average daily glo baI horizontal solar ~adiation for different orientation 

From UN1 10349 121 standards, data concerning the outdoor air temperature, the dative 
humidity and the wind speed are acquired. Monthly average values are considered in this 
case. Pn Figure 2 the graphs of these weather parameters are plotted. In Figure 3 are reported 
the plots of the monthly average daily gIobsrl horizontal solar radiation for different 
orientation, calculated starting from horizontal values. The above-cited standard UN1 10349 
includes these values divided in beam and diffuse radiation far every month. 
MonthIy average values are used in this case too. All these parameters are used as input for 
running simulations with the building simulation tool. 

4- Description of Components and Materials of the Building Envelope 
In this section the criteria to select components and materiaIs suggested for the building 
envelope is described. Since the aim of TEBER is the design and construction of a high- 
efficient energy building, the chosen materials must improve the performances obtained with 
traditional solutions. Such objectives can be mainly pursued by: 

* Improving U-values of opaque components. 
Improving U-values and controlling g-factors of transparent components. 

To check the eficiency of the selected materials it is necessary to verify the improving of 
building performances by the comparison of efficient versus traditional solutions. Neither this 
step is easily to carry out, since the thermal properties of building enveIope components are 
widely influenced by the locality (different materials and technologies) and the age of the 
construction (different insulation properties). We selected four combinations of external 
opaque (walls and roofs) and transparent (windows) components distinguishing each to other 
by their average transmittance values. Their properties are summarised in Table 2. The 
reference components, solution A, represent average values for buildings in mid-Italy climate, 
without insulation in walls and clear double glazing unit without thermal break frame for 
windows. In the solution B, the opaque components are equipped with a thin insulation Iayer 
(2 cm.) and the windows have thermal break frames. In the solution C both the opaque (5 cm 
of insulation) and transparent (low ernittance coated double glazing unit) components are 
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improved. Finally high insulation levels are adopted in solution D (12 cm of insulation for 
opaque components and low coating and argon filled windows' 

These choices have been made in order to show how improved performances of the envelope 
components will allow energy saving politics in building design. 

As it can be inferred from above, the solar factor of windows was not considered as 
fundamental parameter because of the two fo1Iowing main reasons: 

m On south-east and south-west facades, the solar control is achieved by means of external 
shading devices, meanwhiIe double glazing units low-emittance coatings; improve 
thermal performances. 

m On north-east and north-west facades, the influence of the solar radiation on coo-ling loads 
is not strong. For these orientations there is no need for controlling the solar ~adiazion by 
means of expansive solar filter glazings or shading devices. 

Table 3: Charac~eris~ics of the lamellae 
PARAMEER OF LAMELLAE 

Luminous reflectance 0.85 
Length [cm] 10 
Pitch Icrnl 7 0 

The shading devices are reaIised with horizontal lameIIae mounted just outside the window. 
The inclination of lamellae could be manually (season regulation) or mechanically 
(continuous regulation) operated, according to the requested level of control and the available 
budget. The system is designed for shading the direct radiation and redirects its visible 
component inside the building. To achieve satisfactory results, it is necessary to adopt high 
reflectance lamellae. In Table 3 are reported the main characteristics of the Iamellae. 

5. Description of TRNSYS Code 
For accurate results in simulation analyses it is necessary to use advanced codes, able to 
consider all the parameters affecting the performances of the building. This necessity led to 
TRNSYS, a complex tool widely used for all the solar applications [3]. 

TRNSYS is a modular system simulation program. The modular structure of TWSYS gives 
the program extreme flexibility. This code is well suited to detailed analyses of systems 
whose behaviour is dependent on the passage of time. 
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A system is defined to be a set of components, interconnected in such a manner as to 
accomplish a specific task. The p d ~ m a n c e  of a system component (the building envelope in 
the case of study) wiII normally depend upon characteristic fixed parameters, the performance 
of other components, and time dependent forcing functions. 

Once all of the components of a system have been identified and a mathematical description 
of each component is available, it is necessary to consh-uct an information flow diagram for 
the system. h information flow diagram is a schematic representation of the flow of 
information into and out of each of the system components 

One of the main features of the tool is to be a dynamic code, so transitory and capacitance 
phenomena, typical of energy balances in buildings, cm be taken into account. Hence, even if 
mean monthly values are inputted, the code has internal statistical functions, which give 
hourly outputs of energy needs. Integrated values can be used to obtain monthly, season or 
annual loads. 

TRNSYS is an open code, working through different routines linked together. Such routines 
are in the library of the code, as can be implemented ad hoc, this flexibility permits to cover 
exigencies typical of the single application. 

The TRNSY S project implemented for t h i s  analysis consists of four main routines and some 
calculation blocks, the routines are the following: 

Weather generator 
Solar radiation processor 
Shading device routine 
Definition of characteristics of the building (PE-Bid) 

6. Results of Simulations 
A first set af measurements was carried on block I only. The aim was to evaluate the energy 
savings that can be obtained using different levels of insulation. The results of this 
preliminary parametric analysis are summarised in Table 4. As partially expected, it was 
verified the decreasing of both heating and cooIing loads from solution A to D. An energy 
approach would suggest that solution D is the best one. But it must be noted that the economy 
aspect of the problem should always be kept in mind. 

The solution C resulted to be better than B, with limited extra-cost (3 centimetres of insulation 
added and adoption of low ernittance glazings). Conversely the solution D even if best 
performing, is mere expansive of C (7 centimetres of insulation added and adoption of low 
emittance glazings with argon in the gap). More over it must be reminded that a too sealed 
envelope can avoid the breathing of the building, when strong external and, often, internal 
cooling loads (people, lighting, appliances that in the design phase can be only partially 
considered) increase the indoor air temperature and pollutant emissions. Since in the design 
phase of TIBER, the approach was to consider a11 the following issues: 

energy saving, 
thermaI comfort for the occupants, 
indoor air quality control, 
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low construction and maintenance costs 

Among the four solutions we took in account the best performing from an energetic and 
economical point of view resulted the solution C .  So a31 the characteristics of the components 
simulated in this case of study were adopted in all the bIocks of the building. In Table 4 the 
total heating Ioads for the four envelopes options and the relative percentage savings are 
reported. 

T T  
BLOCK I ANNUAL LOADS SAVINGS 

[kJ] [%] 
SOLUTlOMS L 

A B D D 
HEATING 3,53E*08 3,20E+08 2,83E+08 2,66E+08 - 9,2 20,4 24,6 
COOLING 1,42E+08 1,36E+08 1,30E+08 1,21 E+08 - 4,5 8,2 14,7 

Table 5: Percentage savings for the single blocks 

BLOCK HEATING SAVINGS COOLING SAVINGS ORIENTATION 
["/.I [%l 

1 20.4 8.3 NE-NO 

The second set of measurements was run for the whole five blocks. The simulations are 
performed for each block separately, since Ithe control strategy for heating, cooling, 
ventilation and Iighting will be different, according to different exigencies of the five 
companies, which occupy the five blocks. For each block the energy Ioads are calculated 
considering first the building equipped with traditional components and materials (solution 
A), then with innovative solutions (solution C). In Table 5 are reported the percent energy 
savings achievable in the single blocks during the hot and cold season, improving the 
envelope materials and components. It must be noted that the annual loads do not coincide 
with the sum of the selected months, since, even during the winter (summer) period, a small 
cooling (heating) demand could exist. 

Table 6: Monthly heafinp loads 
Month ~ e a k n ~  loadgold [kJ] Heating loads new [kJJ Savings [%] 
OCT 2.5E+07 1.8€+07 29 
NOV 1 .OE+08 7.7E+07 23 
DEC 1.8E+08 1.4€+08 2 1 
J AN 1.9E+08 1.5E+08 21 
FEB l .5E+08 1.2E+08 20 
MAR 1.7 E+08 8.JE+07 21 
APR 5.9E+07 4.6E+OT 21 
YEAR 7.6E+08 6.4E+O8 22 

Table 7: Monthly cooling bads 
Month Heatinq loads old [kJ] Heatinq loads new [kJ] Savings [%l 
MAY 2.OE+07 1.4E+07 33 
JUN 5.8Ei-07 4.5E+07 22 
JUL 1 -2E-i-08 9.8E307 18 
AUG 1.2€+08 9.8E+07 17 
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Figure 4: Monthly hearing and coding b a d s  comparison for all blocks 

More detailed analyses are presented in Tables 6 and 7, where t h e  totaI heating and cooling 
needs are reported as a hnction of the month of the year. In Figure 4 the comparison plots are 
presented for both heating and cooling. 
In Figure 5 the same kind of graph is reported for the heating season of block I ,  facing north- 
east and north-west, where the energy savings are more significant, due to the better 
insulation of opaque and transparent component of the building envelope. Interesting results 
can be inferred h m  Figure 6 concerning block 3 simulations, facing south-east. In this case 
the shading effect of lmellae is important for reducing cooling loads, while the reduction of 
solar gains in winter is compensated by the better insulation properties of the windows. 

Block 1: Monthly Heating Loads Comparison [kj] 
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Figure 5: Monthly heating loads comparison for bIockI 
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Block 3: Monthly Cooling Loads Comparison [kj] 
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Figure 6: Mo~l fhly cooling loads comparisoa for block 3 

7. Conclusion 
The sirnulations, performed with two envelope options, aIlow verifying the efficacy of 
different materiaIs and components selection. The results obtained and summarised at the 
precedent paragraph suggest the following conclusions: 

The parametric analysis showed that there is a limited level of insulation needed at 
Mediterranean latitudes. The adoption of high insulating opaque and transparent 
components leads to energy savings that do not justify the excessive first costs. 
During the winter season, improving the thermal loss properties of opaque and 
transparent components leads to energy savings of about 20%. Higher savings are 
obtained (about 35%) only for block three, because of the high ratio of the dispersing 
surfaces on the volume of the zone. 
During the cooling season only small savings (between 6 and 10%) can be obtained with 
the proposed components for block facing north-east and north-west. Converse] y, for 
blocks facing south-east and south-west the savings are much higher, since the mounting 
of external shading devices can lend to savings of 40% or more. The average annual 
savings, as presented in the previous paragraph, are in the order of about 20%. 
The suggested solutions allow reducing the needs for heating, cooling and ventilation 
systems. Such reductions regard both the peak demand and the m i a l  energy needs. This 
implies the reducing of the size of the conditioning system and the energy consumption 
throughout the year. 
The suggested solutions can be improved through the optimisation of user behaviour 
regarding, as an example, the regulation of the shading devices, according to weather 
conditions or the period of the year. In other cases the manual opening of the window by 
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occupants can reduce the ventilation and cooIing loads, this is typical for intermediate 
months, when the natural ventilation is an efficient substitute to mechanical devices. 

The study, presented in this paper, stresses the importance of adopting advanced envelope 
components, by the way it must be noted that the arneunt of energy saved with these options 
is only a part of a wider strategy not considered in this analysis. Optimising the whole 
building-system, with advanced conditioning solutions (as ice storage for the cooling season, 
high performance boilers for the heating season) and control strategies by means of 
inteIIigent control systems, makes more consistent the annual energy savings to be achieved. 

1. Project T. LB. E, R. (Technalogicaliy innovative Building with Energy Rational Use): 
Activity Report n. I d 2. Therrnie Programme - Contract BU/163/98AT, 2000. 

2. UN1 10249 - Riscaldamett f o e Raflescamento degli edi_fici: Darti Climatici, 1 994. 
3. TRNSYS A Transient System Simulation Program - Release 14.2. Beckman W. A. et al. 

Solar Energy Laboratory University of Wisconsin-Madison, 199 





IEA Future Building Forum ,<\ 
3rd FBF Think Tank Workshop ..' x2:. 

.-p 

Workshop Presentations 
Existing Buildings Session 





IEA Future Building Forum 
3rd FBF Think Tank Workshop 

Existing buildings 

Hugo Hens 
KU-Leuven, Department of Civil Engineering 
Laboratory of Building Physics 
KU-Leuven Energy Institute 
Belgium 

Introduction 
In general, building construction and building usage causes main environmental impacts, 
ranging from an intense resource consumption up to gaseous, liquid and solid waste 
production. As part of that burden, buildings have a large share in the annual energy 
consumption and the related greenhouse gas emissions of a country. If both have to be 
reduced, energy eficient construction should be a prime objective and measure. The 
techniques to realize less energy consumption in buildings without jeopardizing other user 
related perfomances m well known. "To mention some: a highly insulated envelope, optimal 
integration of passive solar accounting for winter gains and summer comfort, the use of well 
insulating glass, heat recovery, a very efficient HVAC system, etc. 

The build environment however is a very inert system, composed of units with a very long 
service life and subjected to a low substitution and rebofitting rates. New construction in 
many cases also adds wits  to the existing stock, a reality that does not enhance energy 
efficiency of the whole, on the contrary. Consequently, if energy conservation is really taken 
seriously in terms of 'energy w n m p t i o n  should decrease', then energy performance of the 
existing stack, in combination with the overall performance, must receive much more 
attention. Legal imhments  should treat thermal retrofit as of prime priority. Hence, this is 
not what happens actually. New construction in many countries is more and more subjected to 
a tough energy performance legislation, whik retrofit is treated as an adventitious activity that 
should not be co~npIicated by additional energy legislation. Thermal performance demands 
does not go beyond some modest U-value requirements. 

Data are important 
In Flanders, househoId has a share of 218 PJ in the annual end use of 800 P3 (Verbruggen 
1994, Verbruggen 1996)), i.e. about 27.3%, i.e. 990 GJ or 27 500 kWh per annum and per 
household (Flanders counts some 2 250 000 households). To put that number into perspective, 
we may compare it with the annual metabolism of a human being, 880 km. Each household 
in FIanders consequently absorbs the energy produced by 3 1 individuals, Included the tertiary 
sector, where energy consumption is mainly building related, buildings use attains 306 PJIa, 
i.e. 38.2% of the total. For Gwmarry, the distribution over the different sectors in 1992 looked 
as given in table I (GRE, 1996). Table 2 contains data for the US (DOE, 1997). 
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7 
Table l. f i e r e  consumptio~r for Germany, 1992 . 

Censurnption 
Industry 
Traffic 
Househalds 

Table 2. E n e r ~  consumption in the US per sector in (99) 
l Consumloti~ n m/o I 

Tertiary sector 
Army 

P J 
2562 
2520 
2394 

The three sets underline the importance of building related energy consumption. Although the 
size of the three countries and the climate differs substantiaIly, the share in the annual 
consumption touches 40% of the total end use in all three. The share buildings have in 
greenhouse gas emissions is equally important. The residential sector h Flanders for example 
ernits A 1 6  000 000 Ton CO2 on an annual basis. This number includes electricity produced for 
lighting, appIiances m d  heating (Hens et al., 1997). Figure 1 gives additional details on 
measured energy consumption in existing fuel heated buildings. The dots represent a sample 
of l173 fossil fuel heated Laboratorium bouwfysica, 1997) 

% 
28 
28 
26 

1527 
70 

Industry 
Traffic 
Buildina related 

Figure I. Total energy consumption as a function ofthe spec9c conduct ion loss 

7 
1 

32.6 
32.3 
33.7 

On the average the dweIlings had a heated surface of 140 rn2 (range: 60-543 m2). The average 
level of thermal insulation was K98 for the fossil fuel cases (range: 41 -E 80). The total annual 
end use for the fossil fuel dweIPings decreases with the specific conduction loss (the product 
of the mean U-value of the enclosing surface (U,) and that surface (h)). A least square 
approximation gave: ET = 1 9330 + 35U,A, . Lower specific transmission losses may result 
from a smaller enclosing surface or a better themaI insulation (lower Ur). 
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An identical analysis on 75 electricity dwellings gave a heated nuface of 240 mZ (range: 56- 
543 mZ), an average level of thermal insulation K46 (range: 30-1 81) and a total energy 
consumption: ET = 12508 +22U,A, .. Electrically heated houses clearly are better insulated 
than their fossil he1 counterparts. Apparently, electrical heating diminishes end use, even for 
identical specific conduction losses. Also on the average, - fossil he132 456 k W a ,  
electricity 20 750 k W a -  electrical heating gives a lower number. As we11 better thermal 
insulation as rebound effects are responsible for those savings. The higher electricity prices in 
fact motivate the inhabitants to economize on them1 comfort. 

Table 3 lists the annual consumption per m2 of heated floor for the whole sample. If we 
compare the average of 1 80 kWh/(m2.a)! with the fifteen IEA-SHC-Task 13 SoIar low energy 
houses @A, 1 995) of table 4, then, apparently, even 28 years after the first energy crisis, the 
reduction-potential for energy consumption in dwellings remains impressive. 

Table 3. Average energy cons1 
houses with an aae be f~ 
Table 3. Average energy consumption in dweZlingsfor Belgium (measured data for 1200 
houses with an age be fween 2 and 85 years) 

I 

Max. 
488 
428 
74 

Consumption for H en HW 
Consumption for HH 

Tuble 4. Xheflfleen IEA -SE-Tusk 13 Solar low energy houses (Anon, 1995) 

Predicting energy consumption and COz-release 

H=heating, HW=hot tap water, HH=household, lighting, apparatus H=heating, HW=hot tap water, HH=household, lighting, apparatus 

488 
Units Average Stdev. Min. 

kWhl(mz.a) 180 68 66 
kWhl(rn2.a) 149 71 66 
kWhl(m2.a) I 28 14 8 

Total consum tion 
Consumption for H en HI- 
Consumption for HH 

Country, house 

Sweden, detached house Rtiskar 

USA, detached house Grand Canyon 
USA, detached h ~ u s e  Yosern~te 
Averages 

Modeling the building stock 
The databases of the National Institute for Statistics contain overall information on the 
building stock (Anon, 1996). Each dwelling in fact is characterized by five variables. Age 
(before 1945,1946 to 1970, 197 1 to 1980, 198 1 to 1990): type (terraced, double, individual, 

W ,  n l  68 66 

1 kW1 , .  ..., -. I 

Floor surface 

50.4 
182 

150 

Heating 

17 
28 

23 
15.3 

Hot water, 
household 

57 
29 
37 
32 

28.8 
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flat), total floor area (c45 mZ, 45 to 64 mZ, 65 to 104 m2, 104 to 124 m2, 1 125 m2), prime 
energy (oil, -oal, gas, butane, electricity, others) and centrally heated or not. 

With these variables we constructed a set of reference dwellings that substitute the whole 
housing stock. For that purpose, dwellings are assumed to be simple quadratic volurnes. Up to 
64 rn2 they exist as single floor constructions only. From 65 to 104, an equal distribution 
between 1 and 2 floors is adopted. Above 105 m2, l ,  2 and 3 floors are considered. The 
quadratic volumes stand alone, are coupled two by two or form sows of terraced houses. Flats 
are grouped in medium rise blocs with 3 (20% of the total), 4 (30% of the total) or 5 stocks 
(50% of the total) and two flats per stock. In the software, each interval of floor area's is 
replaced by its avera .;e. Houses have 6% of their envelope gIazed, flats I 0%. Age is transIated 
in U-factors and ventilation rates (table 5). Most houses constructed before 1945 have 
masonry massive walls with a thickness of 30 cm, single glass and neither roof nor floor 
insulation. From the second world war on, masonry cavity walls become the reference. After 
1970 roof and cavity insulation and the use of double-glazing becomes common technology. 
In the eighties, floor insulation is added and more roof insulation applied. The U-values of 
table 5 are fair averages for the building technologies mentioned. The progressive decrease in 
average ventilation rate in the table is due to two elements: 1( 1) the application of tighter 
windows and (2) the overall move to central heating after 1970. Energy vector and heating 
system define the heating system's efficiency. 

For the period up to 1990 960 reference dwellings has been created that way. Each reference 
is characterized by a weighted average energy consumption, the weighting factors being the 
fraction of dwellings and flats per number of floors. 

Energy consumption for the individual dwelling 
Consumption is split in its main parts: heating, hot water and household. Cooling does not 
intervene. The climate in Belgium is too moderate for that, although a bad application of 
passive solar, resulting in glazed shrines without solar shading, and trendy behavior created 
some market for cooling applications. Heating is caIculated using the following steady state 
single zone energy balance (Hens, 1 997, Anon., 1 999): 

Table 5. Transl~ting age into U-values and ventilation rates 

with mcond the conduction losses through the envelope, the ventilation losses, @,,-CDl,,, 
the solar gains corrected on Iong wave radiation, Or, the gains coupled to building use, qrec 
the recupe~ation factor for the gains, Eh,, the energy consumption by the heating system, q 
the system's e E  ci ency and At the time step (here 1 month). The system's efficiency consists 
of two partial efficiencies: production and system. In the case local heating is applied, the 

before l 945 
l 946-d 97 1 

1 1971 -1 981 
1 981 -'l 990 

Facade 

U-value 
Wi(rnZ. K) 

2.0 
1.3 
0.6 
0.6 

Roof 

U-val ue 
Wl(mZ.K) 

1.6 
1.6 
0.5 
0.4 

Floor 

U-value 
Wi(m2.K) 

4 
4 
4 

7.2 

Glass and 
frames 
U-value 

Wl(m2.K) 
5.811.8 
5.8/1.8 
3.7P1.8 
3.1/1.8 

Ventilation 
rate 

h-' 
1.2 
1.1 
0.8 
0.6 
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system" sefficiency is set equal to 0.645 for oil stoves, 0.63 for coal stoves, 0.69 for gas 
radiators, 0.65 for butane, 0.77 for electrical accumulators and 0.61 for wood stoves. Central 
heating is supposed to be hydronic only, with production efficiency coupled to age. For oil 
boilers for example, 0.82 with a loss coefficient of 0.05 and a mean supply temperature of 
80°C is adopted for dwellings constructed before 198 1. After 198 I, high eficiency boilers 
become standard, production efficiency 0.86, loss coefficient 0.02 and mean supply 
temperature 65°C. 

The model talces 15.7"C as the average inside temperature. That value was extracted from a 
detailed study on energy consmption in 52 dwellings distributed equally in relation to age 
and total floor area (Hens, 1993). A rebound efiect is not considered. The TRY-year for 
Ukkel, Belgium, figures as the outside climate. The calculation proceeds on monthly basis. 
The s m  of the positive monthly heating consumption Eh[ gives the annual total. 

The hot water heat demand per reference dwelling in W is set equal to: 

Afl being the floor area in m2. In the case of 1ocaI heating, hot water production is a stand 
alone activity. With central heating, the boiler produces the hot water. The power demand for 
household per reference dwelling in W is calculated as: 

Both equations stem from a statistical analysis of measured data. Their transformation to 
consumption is straight fonvard. The equations (I), (2) and (3) together constitute the energy 
module within the software. The results are stored in a reference dwelling's matrix. 

Simulating the reference year 1990 
With the energy consumption per reference dwelling known, the calcu1ation of she overaIl 
consumption for the residential sector in 1990 is straightforward. For each village, town and 
city, the number of dwellings per reference, listed in the NIS 1990 database, is multiplied with 
the related annual energy consumption for heating, hot water and household. In the case of 
individual heating, we assume electricity to be used for hot water. Household, included 
cooking, is electricity only. This of course is not correct as gas is a second favorite fuel for hot 
water and cooking. However, the MS database does not give information on that. These 
simple rules, although somewhat fictitious, allow to add the totals per energy vector in m 
easy way. After, the results per location are totaled for each region in Belgium. Summing 
these totals results in the energy cmsumption for the country during the reference year 1990. 
The step to COz emission demands a multiplica.tion of the end use totals per vector with the 
associated CO2 release in gJkWh, see Table 6, 
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Table 6. CO2-release per km 
1 Enemy vector C02 release I 

Gas 

Future evo .utions 
First, the ~ansformations in the building stock have to be predicted. The dwelling demand 
primarily depends on the number of households. Two extreme cases for the evoIution of that 
number have been implemented: (1) important increase with an annual growth of 1 % in 
relation 2 0  the E 990 number, (2) marginal increase with an annual growth of 0.46% in relation 
to the 1990 number. The NIS hrther publishes annual data on new construction, demolition 
and retrofit. We used the data for 199 1 to 7 996 (Anon., 1996). The building industry also 
forecasts future needs on regular time intwvals. This information, together with the housing 
policy of the regional governments, helped in shaping the dwelling offer in the near future. 

Butane 

Three different housing scenario's were considered: (1) restricted rehofit, unlimited 
expansion of the housing stock, i.e. business as usual, (2) explicit shift towards retrofit and 
reconstruction, restricted expansion of the housing stock, (3) demand guided retrofit and 
reconstruction, no expansion of the housing stock after 201 0. The distribution of the energy 
vectors over the future building stock is distilled from the actual situation and a comparison 

264 

with 1980. An increasing number of dwellings choose natural gas. Coal diminishes *adua1ly, 
etc. 

Four energy policy scenario's are included: (l) the actual legislation kept up (a level of 
thermaI insulation K55 for new dwellings and threshold U-values in the case of retrofitting. 
K55 means that the average U-factor of the enveIope (U,) should equaI 0.55 Wl(m2.K) for a 
compactness (V/Ar) below I m, l. 1 W/(m2.K) for a compactness above 4 m and 
Um=0.55 [(V/AT)/3 +2/3] for a compactness VIAr between 1 and 4 m), (2) K40 for new 
buildings (K40 means that the average U-factor of the enveiope (U,) shouPd equal 0.4 
W/(mZ.K) for a a compactness (V/AT) below 1 m, 0 -8 W/(mZ.K) for a compactness above 4 m 
and U,=0.4[(V/AT)/3+2/3] for a compactness VIAT between 1 and 4 m) and tougher U- 
factors for roofs, walls and windows in the case of a retrofit fiom 2001 on (0.5 Wl(m2.K) for 
walls, 0.2 W/(m2.K) for roofs, 1.2 WJ(m2.K) for floors and 1.3 Wl(m2.K) for the glazing), (3)  
K40 for new dwellings and tougher U-factors for roofs, walls and windows in the ease of a 
retrofit from 2001 on, a heating energy performance of 180 MJ/(mZ.a) for new dwellings from 
2005 on (4) a heating energy perfomance of 180 MJ/(m2.a) for new dwellings and tougher U- 
factors for roofs, walls and windows in the case of a retrofit from 2001 on. Each policy 
creates 240 additional reference dwellings with their specific energy consumption. 

Electricitv iend use) 

MultipIication, per region, of the annual number of new, retrofitted and demolished 
(reference) dwellings with the appropriate energy consumption gives the yearly change in 
consumption per vector. Addition to the totals per energy vector of the previous year results in 
a prognosis over the period considered. The step to COz-emission does not differ from the 
reference year (see Table 6). 

375 
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Simulation results 

Refereace year 
TabIe 7 gives the energy consumption and COz-emission for 1990. The calculations are based 
on the TRY-year for Ukkel, which is colder than 1990. CO1-emissions therefore are also 
given for the propa 1990 climate 

Table 7. ResidevztiuI energy consumptiovl in TJ/a and associated COremissiorrs in MTons in 
Belgium, 1990 (TRY for UkkZ, specific climate for 1990, ?'l=Flanders, W= Wallonia, 

Even in a smaIl country like BeIgium residential energy consumption is impressive. COz- 
release in turn reaches 27 800 000 Tons per year, with ail as the major contributor, 47.5% of 
the total. Next stands eIectricity, with 21 %. Gas represents st more moderate 18% for 26% of 
the energy consumed. The deviation on the total introduced by the climate equals 12%, which 
is larger than the 7.5% decrease between 1990 and 20 12, inscribed for Belgium in the Kyoto 
protocol. In case no climate correction will be applied and an equal share of the decrease 
between all energy consumers is imposed on a national Ievel, 25.98 MTons of TRY-related 
CO2 release in the residential sector should be the limit in 201 2, 

Table 7 was validated through a comparison with a top-down analysis far the Walloon region 
(Flamant, 1997). The difference was only 0.4% for the total consumption. Per vector, 
however, the variations were larger, with a maximum of 26.1 % for 'other'. 

The future 
Table 8 gives the energy consumption and related CO2-emissions in the residential sector for 
the years 2000,2005,201 0 and 201 5. In all six combinations of housing policy and increase 
in number of households, the positive impact of a better energy efficiency is obvious. A 
positive impact yet does not mean a decrease in consumption, see a high increase of the 
number of household, business as usual and a K55 or K40 energy eff~ciency legislation 
beyond 2000. In case the number of households follows the line of high increase and housing 
policy remains business as usual, then 25.98 Mtons COz-release in 2012 demands for a very 
strict energy performance legislation for new construction beyond 2000. The annual 
consumption per square meter of floor area for heating shouId not pass 180 MJ, and very 
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though U-factors for roofs, floors, walls and windows (U*. 5 W/(mZ.K) for walls, 1 -2 
W/(m2.K) for floors, 0.2 WI(m2.K) for roofs and 1 -3 W/(mZ.K) for glass) must be imposed in 
the case of retrofit. Things reIax in case the number of households stabilize at a low increase. 
Then even a K55 legislation staying unchanged until 201 5, suffices to reach the 25.98 Mtons 
target. 

Table 8- Residential energy consumption and related COremissionsfor Belgium, prognosis 
for 2000,20Oj,2DlO en 201 5 as a f~nction of housing policy (HP), housing demand @H) 

Energy consumption 
P I 

Switching from business as usual to more retrofit and reconstruction and a restricted 
expansion of the housing stock diminishe energy consumption and COz release independent 
of the increase in the number of households. For a high demand, a K40 legislation for new 
constructions in combination with tougher U-factors for retrofit from 2001 on, realizes the 7?/0 
decrease in 201 5 .  Combining a demand guided retrofi and reconstruction, no expansion of 
the housing stock beyond 2010, with the energy policy scenario 4 could even diminish CO2- 
emissions in 201 5 with 31 to 36%, compared to 1990. This scenario however imposes a heavy 
burden on a building industry, which is client and market oriented without much concern for 
societal consequences of its activity. She shows no overwhelming willingness to adopt tough 
energy efficiency requirements as a fear tfor a building cost increases and associated turn over 
decreases is much stronger than any concern for sustainable construction. 

Obstacles that complicate energy efficient retrofit 
Promoting energy efficient retrofit of the existing building stock is very important for 
lowering the national end use bill and related greenhouse gas emissions. Table 9 therefore 
reviews d I p m e t e n  that impact energy consumption for heating in moderate and cool 
climates. Exterior climate and buiIding use does not differ between new construction and 
retrofit. Building design, however, is marked by freedom in new and existence in retrofit. 
Compactness may be low. Orientation may be wrong. Both are difficult to change. Floor plan 
is easier to adapt. Also the gIazed surface, thermaI insulation and air-tightness could be more 
easily upgraded. Figure 2 shows that such upgrade is very efficient. However, several 
obstacles may complicate the decisions. To mention a few: 
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Historical and Restricts the possibilities for an upgrade to the utmost 

heritage buildings 
Famous architect Forget any change to the facade and the windows. Thermal bridges 

may stay for ever. Only roofs and glass could get a better thermal 
~erfomance. 
A 

Brick facades Building control may forbid changing that aspect. This eliminates the 
most effective measure, exterior insulation, as a candidate for a 
thermaI upgrade. 

Mold risk Exchanging existing windows with single glass for tighter ones with 
well insula~ed glass panels (see table E 0) may increase dust deposit 
and mold risk on th&rnal bridges, that c&mot be cured, considerably. 

Costs Some measures, although very energy efficient, that are very 
expensive may not pass a net present value analysis coveing the sum 
of investment, maintenance and energy cwt. 

NO interest energy As the energy bill is quite low compared to other annual casts -- 
(holiday, Rome, Italy phone calling, taxation, etc.), not so many 
o w a s  and tenants E& motivated for an extreme energy efficiency. 
Some are even not willing to invest in energy efficiency measures 
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Table 9. Parameters of influeme on the energy demand and ene& consumption for heating 
in a cool c l i m t e  
GROUP ] PARAMETER I INFLUENCE (other parameters equal) 
DEMAND 

Building use 

Exterior climate 

Building design 

Demand increases with higher average 
wind velocities 

(Rain) (Demand increases with higher rain 

Temperature 

Solar irradiation 

Demand increases with lower outside 
temperatures 
Demand decreases with increasing gains 

Inside temperamre 

Temperature control 
- 

Ventilation 

Free gains 
Compactness 

intensities) 
Demand increases with higher inside 
temperatures 
Demand decreases when the principle 
'heating only one present' is better applied 
Demand increases together with ven- 
tilation 
Demand decreases with higher free gains 
Demand decreases when the compactness 

Floor plan 
increases 
Demand decreases when the floor plan is 

Type, area, orientation 
and slope of the glazed 
surfaces 

Thermal capacity 

Demand increases with a lwger glass area. 
She decreases in case the glass has a 
higher solar transmissivity, in case more 
glass is oriented W-S-E and in case the 
glass slope is close to vertical 

Thermal insulation 
l 

Demand is hardly influenced by the 
thermal capacity of the building 
construction 

Demand decreases with a Iower average 
U-factor of the envelope 

Air leakage Demand decreases with a lower air 
leakage of the envelope 

CONSWPTYON 
Heating system Type of fie1 

Eficiency Cproduction, 
distribution, control, 
emission) 

Defines the achievable efficiency. 
Consumption devreases with a higher 
overaIE efficiency (see building services) 
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1 1.2 1.4 1.6 1.8 2 2.2 

U-factor per step in retrofitting 

Figupe I .  Energy retrufir of an existing building. Energy 
consumption for heating as a function of the average U- 
factor (Hens, 1993) 

Discussion 
To be completed during the meeting. 
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Comfort and energy in future 
buildings: 
Illustrations in Residential field 
Marie HCIi3ne Laurent, Nadkge Chatagnon and Euc Tabary 
ELECTMCITE DE FRANCE 
Research and Development Division 
FRANCE 

Evolution in qualitative demand for future: residential and cormnercial buildings is expressed 
through very various and, sometimes, non-compatible, tendencies. 

However, all these demands have to be satisfied in a common environment of, one more time, 
different constraints. 

The synthesis of both demands and constraints is very specific to national contexts. For 
example, the concept of "sustainable building" is different from a country to another, 
depending on the availability of resources (space, water, energy,...). 

Concerning the triangIe "building - comfort - energy", our analysis for France seems to be 
applicabf e to Western Europe: demands and constraints are organized around 6 main themes: 

a wider comfort (multi-sensitive, psychological, services and life convenience), 
m more flexibiIity (intermittent housing, adaptation to the market evolution, adaptable 

comdbrt to different rooms, activities, occupants), 
E respect - and, if possible, improvement - of occupants' heaIth. 

a limited environmental impact, 
compatibility with a refurbishment market, 

r economical performance far commercial buildings with a specific theme for residentiaI 
ones (to give housing and comfort to impoverished occupants). 

It is not easy to give a good answer to such a variety of demands and constraints. However, 
the paper deals about 2 possible applications of these themes to future buildings: 
* a special attention is given 10 "environmental respect" in a residential project. 

a house in a flat, a car connected to a house 

I SYMBOLS AND ABBREVIATIONS I 

LCA: Life Cycle Assessment 
DEZ: Direct Elecltrie Heating 
DHW: Domestic Hot Water 
C B :  I~~ternational Center fur Buildings 
EER: Energy Efficiency Ratio 
EHQ: Environmental High Quality 
LPG: Liquid Propan Gas 
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DSM: Demand Side Management 
IAQ: Indoor Air Quality 
LV: Low Voltage (25 V) 
VAT: Value Added Taxes (for "inc. VAT": including VAT) 
UV: Ultra Violet 

NOz: nitrogen dioxide 
CO: carbon monoxide 
SO2: sulfur dioxide 
C02: carbon dioxide 
K: thermal conductiG'y in Wlm2."C 

Within the framework of our medium term program for the development of offers for the 
Residential and comercial fields, we needed to consider the question about changes in 
demand and constraints about buildings and their consequences concerning electrical comfort. 
This analysis was carried out maidy within the context of the Residential sector, deIiberately 
considering the point of view of the final customer, in other words the person "using" this 
comfort. The maIysis has to be wider than the only comfort theme. 

1. Six themes to be retained 
A large number of forecasts ancVos society studies carried out either within EDF or across 
France and Europe [l, 21 are available to help define themes that will be important for the 
buildings of tomorrow (most of which m already important). The conclusions has to be 
discussed but we to summarize it by items: 

Social trends: 
population ageing: + problem of resources + shock of dependence 

-3 aged workers 
professional life more chaotic and de synchronized 
more free time, but by smaller bits ?, more mixing between private and professionaI life 
more individualism (not egoism): 

3 more independent workers 
3 more freedom and tolerance in private worlds md more rules in public worlds + personalized offers 

fragile increasing of ethic values 

Buildings trends: 
more refurbished buildings than new ones 
reinforcement of regulations: 

3 integration of environmentaI effects in buildings regulations 
(especially, efforts concerning the lowering of energy consumption in buildings will 
increase) 
3 reinforcement of "safety behaviors" about healthy and security items 

the buildings' skin and associates techniques are the main field of technical evolution 
the second one wiII be the indoor air quality (connected with comfort and health) 
in France, the question of the emergence of an industrial way of construction of new 
buildings remains 
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* buildings will be (partially) energy production plants 

Inside equipment trends: 
part of them able to communicate with the inhabitant, other inside equipment, and repairers 
more individual 
more "immaterial equipmenl" 

Concerning the more important items for the 'buiIding of the future", we tried to summarize 
these " macro-trends " in a few major themes that already exist, although their nature 
(constraint or demand) or importance (health) might change in coming years. These six 
themes are: 

1.1 Personal fuIfilment 
increased and expanded comfort, in a very wide sense: at the moment, the concept of 
comfort is centered essentially on temperature needs, but will become considerably wider 
in f ie  future. 

* comfort will become multi-sensorid and will include acoustic and visual (lighting) 
comfort. It will also include psychological aspects (stress free environment, natural 
lighting, sounds). 
consumer comfort wilI be better regarding the equipment's working (interfaces, 
realibility) 
it will include standard conveniences (ease of use of an appliancel reliability, 
control) and consequently will therefore encompass the '"sage 3 services1' 
transition, and communication systems making these new services possible. 

recreation, pleasure 
in a safe environment. 

1.2 Greater flexibiIity. 
Families and consumers no longer belong to clearly defined categories, their needs are 
changing quickly (even over the time scale of a week, for example in the kitchen rudimentary 
microwave cooking on week days makes way for traditional family cooking at the weekend). 
The home and its uses must be adaptable to a variety of increasingly short life cycles (re- 
composition of families, late departure of teenagers, long term residence of the elderly with 
the return to cohabitation of several generations in the same home, work, leisure and training 
at home, periods of professional inactivity). 

In the commercial fieId, flexibility of the inside spaces in a condition of success in order to 
follow market's trends. 

1.3 Protecting (or even improving) the health of occupants. 
It is today a huge and increasing market. Demand concerns: 

the realization of the need of "health capital" {(deals with the current quality of air (IAQ) 
and water in the home 
also includes more extreme forms including looking after the elderly at home and 
increased medical services in the home. 

But resources are limited and could lead to convergence towards medical assistance and tele- 
medicine (caring for elderly people and sick at home). 
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Health is also a factor which could either lead to the popularity of a product or its commercial 
ruin. PR-autions will be more important concerning this theme, and it could be a raison of 
decreasing of creativity and innovation in future buildings (see buildings trends). 

1.4 Greater sensitivity about protection of the environment. 
It is a very complex and multicriteria subject. Considering the residential field: 

in the global sense, in France, this has not yet created a demand from final consumers who 
are not yet ready to pay (either by making personal efforts or with money). Therefore, at 
the moment the impetus is provided more by the policy adopted by local authorities with 
the result that the building regulations are regularly becoming stricter, and by the 
involvement rf public clients in the construction of "sustainable buildings", Hawwer, it is 
important to be aware that the nature of this theme will change within a generation, this 
constraint should start to change at the demand of the find user. Increasing awareness 
should go outside an institutional framework to reach the consumer stage, since we are 
now the first generation concerned about the impact of our actions on future generations. 
We have also to consider as a positive point what we called ~e "'fragile increasing of ethic 
values" (see social trends]- 
in the local sense, there will be a backlash soon under the "neighbors look". 

In the commerciaI field, this point is extremely important: a commercial - or industrial - 
activity have to prove that its behavior is ethically correct, and this includes respect of 
environment. 

In mast of cases, High Quality Environmental Buildings are made by publics policies and 
some private companies for residential md tertiary buildings (as high school, offices ...) 

Of course, first quality of Environmental High Quality (EHQ) building is its low consmption 
in natural resources, namely energy and water. The building of tomorrow have to consume 
less energy and to produce part of its consummations. 

1.5 Refurbishment of buildings 
Commercial buildings are not all adapted to current commercial activities (especially ofice 
buildings): they need to be refurbished. French Residential buildings are renewed at very low 
rate (80% of the buildings that will exist in 2030 are already built today). It is more difficult 
to guarantee comfort and high-energy performance if the building is not we11 designed. It is 
technically and economically difficult. 

1.6 Constant economic constraint 
Permanent concern of the Commercial sector, and also a strong constraint in the Residential 
sector that becomes acute with the increase in exclusion among a section of the population. 
This is the most difficuIt theme of all. Not only because economic constraints are drastic but 
because, solutions are much more dependent on non-technical factors than in other cases. 

This analysis (highly concentrated on the ResidentiaI sector) is more difficult to cany out for 
the Commercial one. The themes are eventually the same, but they are all related {more or 
less strongly) to a permanent economic requirement that concerns a11 items: 

flexibility, if it makes it possible to adapt to markets more quickly (and therefore at lower 
cost), 

* comfort, if it improves the "productivity" of occupants, 
and obviously the "investment - operation - maintenance (reliabiIity)" combination. 
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Here again, this "dernand'9hould accommodate to strong constraints reflected by changes in 
regulations (environment, health), and by the nature of the buildings (mainly a rehabilitation 
market). 

Tomorrow's buiIdings will not be a combination of these various trends since it is easy to see 
that they are not all compatible with each other. Nevertheless, they will be affected by all of 
these influences: therefore they will be even more comfortable, they must be adaptable 
through greater flexibility to changing needs of their occupants and managers, they must 
bener protect the health of their users, they should be less damaging to the environment 
during their construction and operation, all this must be possible starting from improvements 
to buildings many of which already exist and under acceptable economic conditions, 
particularly for homes, sufficient imagination must be shown so that comfort solutions 
adapted to all budgets can be defmed. 

Residential I Commercial 
Personal fumllrnent 

2. Examples of soIutions provided by electrical uses in the future 

2.3. Uses 
We will give a few examples of electrical products currently being developed, but this is far 
from covering the entire possible range of future uses of electricity. 

I 
if increasing productivity 

demand 
economic necessiw 

legistat~on 
legislation 

wnstraints 
underlies all demand 

Recreation, pleasure 
Increased comforl 
Safety 
Flexibility 
Health 
Environment 

Refurbishment 
Economic constraints 

2.1.1 Windows 
A great deal of progress has been made in recent years in thermal aspects of windows: but, in 
the fume, the addition of electricity will enable them to perform new functions such as: 
* control of solar flux, for example with clectricalIy controlled "eIectrochrome'%dows 

that can limit solar inputs and therefore improve comfort in the summer andlor reduce 
energy consumption for cooling for an air conditioned building. In winter, zone control is 
possible to limit glare without reducing light flux. 
variable privacy with electricaIly controlIed liquid crystal windows. These products are 
available for indoor windows, and, in the future, can be used to control vision outside 
(materials with electrical transition) or to choose the level of intimacy (imagine a bedroom 
that can be seen during the day but concealed at night). 
active acoustic protection (already used for Commercial applications in ventilation) 
capable of "filtering'horne noise (motor low frequencies) to keep only pleasant sounds 
(hi& pitch frequencies of children playing, or birds singing). 
a heating window, which can already be used to avoid the "cold wall'' effect or to provide 
back-up heating, and in the future will be able to heat an entire room, and possibly to store 
and produce energy. 

demand 
demand 
demand 
demand 
demand 

global constraints, local changes 
tomorrow's demand 

constraints 
= exclusion: constraints 
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1.2 Heating 
l%e existing range of heating products is already very wide and can satisfy many expressed 
needs (inertia or reactivity, integration or appearance, etc.). Therefore, the objective is not so 
much to create a Jot of new products, as to significantly improve what has already been 
developed (reliabiIity, implementation, costs) for example such as: 

inertia and storage radiators using heat storage materids based on phase change (better 
integration by the variety of shapes md improved compactness), 
heating floors with a fine concrete screed or faster to construct, 
easier to install and more aesthetic heating ceilings, 

and m&< better use of the possibilities af the JouIe effect to create products capable of 
overcoming weaknesses in the current range: 

transparent radiating or very thin panels (less than 1 cm), even more easity integrated. 
heating coatings: glue for the bathroom floor tiles, the carpet in the games room, a bath 
which keeps the water hot, armchair fabrics, desktop writing pad, computer mouse, etc. 
multi-fimctian emitters: heating mirror (pleasant booster heating for the bathroom, non- 
misting mirror), heating doors and windows (easy to integrate products adapted to 
renovation), decorative elements (scuIptures, cornices), etc. 

2.1.3 Ventilation 
Today, ventilation of homes is not always satisfactory. There are many different needs, 
considering the necessary improvement to Indoor Air Quality (health, energy consumption, 
comfort). However, the foreseeable improvement in available products is relatively poor, and 
this is undoubtedly one of the fields in which R&D efforts should be made. Electricity is 
expected to be useful for: 

health, with qualitative preliminary treatment of incoming air, for example UV or 
pyrolysis, m d  ventilation control as a function of the composition of indoors air, 
energy efficiency with the use of thermodynamic systems between incoming air and 
outgoing air, and ventilation as a function of the composition of indoors air, 
comfort with preliminary heat treatment of incoming air. 

2.1.4 Lighting 
In the same way as for windows, many technical improvements have been made to lamps 
over recent years. The following gives a few examples of improvements expected in the 
future, apart from the appearance of more energy efficient light sources: 

create complete light environments through the control and variation of light flux, color 
and color rendering, At the present time, the virtual window already provides "natural" 
lighting in rooms without any daylight. 
move light fittings on a wall at will (these systems are already availabIe in some shops, 
based on Low Voltage power supplies through conducting panels). 
optical fibers will be capable of ttansporting light in wet rooms (showers), or places with 
difficult access. 

2.1 -5 Household appliances 
Apart from the continuous widening of the "Iow consumption" range, the other trend in 
household appliances is increased communication ability to dialogue with: 

the user by means of Fuzzi logic: for example, the surface cleaning robot may suggest: "the 
kitchen floor is dirty, I could wash it tonight ", 
other purposes: collective controI, DSM, 
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outdoors: call the repair or maintenance service, shopping through the Internet. 

The latter point announces the "usage + service" transition: instead of buying a clothes dryer, 
we rent the "washing" function and transfer a number of responsibilities from the user to the 
supplier: the equipment must have a Iong life (it belongs to the company hiring it out), it must 
be reliable (maintenance included in the service), and it must be recyclable (the company 
hiring it out recovers it at the end of its life). 

This change is perceptible in household appliances but could be a useful channel towards the 
commercial development of new products, such as air conditioning systems or de-localized 
energy generatidstorage systems- 

2. l .  6 Comfort conh-01 
Comfort is a psycho-sensorial concept which means that it is an extremely difficult subject to 
describe (different concepts of comfort for different individuds), and even more to quantify. 
Nowadays it usually includes only its sensorial aspect, and ody considers heat as quantified 
by a temperature. 

Considering heating done, we already know that temperature gradient, air speed and heat 
flow parameters are all important, if only as a function of the nature of the emitters and their 
locations, these parameters will not all have the same "equivalent value". h the future, it will 
be necessary to take account of the various senses involved and the impact of psychical 
perception. Without achmlly defining an individual comfort map, we will be able to classify 
the preferences of 80% of the population in categories compatible with their needs for 
comfort: these categories will make use of the parameters mentioned above (temperature 
gradients, nature and location of emitters, etc). A development program is being carried out at 
EDE in order to define these categories. 

Therefore, it is easy to understand that it is not easy to control comfort provided by a use of 
electricity. However, in the fume, it wilI be necessary to control several usages harmoniously 
at the same time, for DSM and for comfort. The concept of '"ambient comfort" or "climate" 
will appear and in the future we should be able to control a comfort scenario, for example 
such as "cinema ambiance" when we want to watch a film: less intense and warmer lighting, 
higher temperature, use of quieter appliances, installation of active noise absorption systems. 

Therefore, control is an essential field for tomorrow. Many technical deveIopments are still 
expected, but their success depends very much on their acceptance in society. Two points are 
essential for this acceptance: 

the control mode, for which two trends are developing: 
self-adapting mode, as transparent as possible for the user. The controller will 
receive inputs from sensors unnoticed by the occupant md through a minimum of 
non-quantitative illformation supplied by the user (it's all right, it's not all right, it's 
too warm). EDF is currently developing a seIf-adapting heating manager that 
"learns'9he habits of the home occupier in a few weeks (l don't eat at home on 
Mondays, I get home at about 19h00). This prototype is working well technically, 
but is faced with two generic diff~cultie 

it must be possible to include an unanticipated scenario by a remote 
controllable override mode (I'm not very well, I'm coming home). 
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the controller "master" must be identified, even though there will be 
arguments about the controIs (it" already too hot for Dad, but Grandma is 
always cold and wants it warmer). 

m remote controls, associated with reactive uses with low inertia, for everyone who 
does not want to delegate or whose lifestyles are too irregular (60% of Paris 
executives don't know when they will get home in the evening, to the nearest hour). 

t h e  simplicity of interfaces: although touch screens had some success a few years ago, and 
although the keyboard seems well accepted nowadays, no one type of interface has taken a 
clear lead over the others. A great ded of progress is expected in voice recognition and 
transfers should be expected between developments made to improve the lifestyle of the 
handicapped and control of uses related to indoors comfort. 

3. Concepts of future buildings 

3.1 An example design of an electricar and environmental home 
Tn 1998, EDF organized an architecture and engineering competition for a detached house 
(the dream home of most French families) [l l]. One objective was to demonstrate that 
electricity can sense as main energy into an environmentally friendly home. In the French 
definition [l 31, environmental quality of buildings involves both the outdoor (in terms of 
pollution, depletion of resources.. .) and the indoor environment (comfort and air quality). 
Moreover, the purpose was not to build an experimental house or t o  use technical solutions 
that were not yet existing. On the contrary, the objective was to design a modern house 
equipped with equipment available on the market and not requiring any speciaI developments. 

3.1.1 Requirements 
The requirements were to design: 

* a house for "living in" offering a pleasant lifestyle to a family of 4 persons within a living 
area of 150 m2. 
a flexible house. The design of the house had to allow an upgradable internal area capable 
of matching new lifestyles (e.g. work at home) and the change in the family structure, 
a comfortable house in many respects: 
0 indoor temperatures in summer and in winter ("four seasons" comfort), 
0 acoustic, with respect to outdoor noise equipment noise, and also indoor noise, 
0 visua1 (view outdoors, natural lighting), 
0 Indoor Air Quality. 

m an environmentally friendly house through: 
6 a reduction of its impacts of the environment, from its construction to its demolition. In 

particuIar during its life - low energy and water consumption, 
0 its integration into the surroundings. 

low energy operating costs. 

3.1.2 The design project 
The winning team (Pierre Lombard, Architect and Olivier Sidler, Consulting Engineer) 
adopted a global approach to optirnise the selected solutions. They offer a very coherent and 
integrated project in which each technical and architectural choice is important. An overview 
of this project is shown on the Figure I .  
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Figure J .  An ovenjiew ofthe prize winning house 
(P. Lom bari, Architect & - 0. Sidler, Engineer) 

3.1 -3 The solutions proposed 

Architec~al choices 
The prize-winning house integrates a bioclimatic architecture: 
* house is oriented so as to maximise so3x inputs in winter. 

large well-oriented vertical windows, construction of a large integrated veranda at the 
south so as to benefit for solar radiation in winter while providing protection from it in 
summer [upper part covered and insulated, top and bottom openings enabling free coding 
ventilation at night). 
pIants used to improve comfort in summer: trellis with deciduous plant cover providing 
shade over the top of the veranda. 

* house oriented to protect it from the dominant cold winds (redirected by the sloping roofS, 
construction of buffer rooms at t he  north (garage, workshops, attic, cellar,..) 
cylindrical main volume (exchange area less lhan for a cube, for the same volume). 

Thermal comfort 
The house presents an extra insulation: outside thermal insulation and triple glazing, 
The thermal inertia is high and choices (fine automatic control for heating) have been made to 
have a good energy management. This set of choices results in natural cooling of the house. 
Heating is ensured by: 

electric radiating ceiling (good cornfort and high energy efficiency), 
m complementary very efficient fmplace, 

regulation. 

Ventilation and Indoor Air Quality 
Considering the little progress made in existing techniques (as C02 sensors, treatment of 
incoming air) and the higher cost of more efficient techniques (as dual flow), ventilation is 
controlled by a conventional mechanical ventilation system with regulated humidity, The 
materials used inside the house do not require any surface treatment (slate or linoleum floors, 
untreated wood for the veranda,..) 
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Domestic hot water 
* use of economic showers and reductions in the length of the distribution network 
* use of solar energy (3.3 mZ sensors, double tank - solar tank -I- additional electrical tank, 

systematic preheating of water by the solar tank). Technical efforts have been integrated to 
limit heat losses due to the dorage and the distribution (short, star, insulated network). 

Household amlimces 
priority has been given to the use of appliances without standby (computers, microwaves) 
or if not possible with simple or controlled cutoff devices, 

* appliances have the Class A (low energy consumption). 
naturaI area for drying the washing, 
induction plates on the cooking hob (low energy consumption, no inertia) and extra 
insulation around the oven. 

light in^ and visual comfort 
Large amount of natural lighting. For further comfort, remaining lighting needs have been 
provided by multiple points with n variety of light fittings, but all based on a design 
compatible with the use of compact fluorescent lamps t o  reduce consumption by a fa~tor of 3 
to 5 (simply replacing conventional incandescent lamps by compact fluorescent lights without 
changing the Iight fitting degrades the degree of visual comfort). 

Acoustic comfort 
Outdoors noise: fresh air through the vemda (noise buffer area), and windows with triple 
glazing, 
Noise related to equipment operation: appliances with excellent acoustic attenuation, 
heating mode chosen without noise. 

a Noise inside the home: mobile partitions between rooms made from materials with high 
sound absorption, use of acoustic bricks with hollow compartments. 

Flexi biIity 
The house in t h i s  project is organised for use by a family of 4 persons with two children. 
Frequently used areas can easily be modified: the open kitchen can be concealed by a curtain, 
the office area can be isolated by a removable mobile partition. The different use of annexes 
aIso opens up future possibilities: independent apartment for children and teenagers, a second 
home with independent access. 

3.1.4 Energy performance of the project 
The Figure 2 gives the estimated energy consumptions concerning the laureate house. The 
energetic results are compared to a regulation reference which is constituted by regulatory 
requirements and/or common practices. Estimations have been made for the different uses 
concerning the individual residential sector: heating, cooking, DHW, appliances and lighting. 
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Figure 2. Energy consump fions for the winning house 

Globally, energy consumption is reduced of more than 50% in comparison with the regulation 
reference. 

The construction cost (including unheated annexes) is about 216 478 euros (inc. VAT) for an 
inhabitable area of 125 rn2. 

3.2 A futurist concept: a house in a flat, a car connected to a house 
Several ideas drove us to this concept: 

necessity to find the detached house" convenience in an urban flat, 
old dream of a flexible lodging able to follow family changing and growing, 

* integration of new activities in lodging, especially manual works, 
necessity to decrease air pollution in urban areas, 
coupling of local and centralized ways of generation of electricity. 

The fust idea comes from future electric cars moved with fuel cells. Dr A. Lovins, from 
Rocky Mountain Institute [l 43, makes two observations: 

american cars are m i n g  only 5 OJo of a daytime, 
every year, US car in dust^ produces for internal market an amount of cars giving a level 
of power equivalent to the existing US electric plants m u a l  production. 

He imagines that fuel cells cars could be used as small electric power plants during the other 
95 % of the daytime. 

During the same time, architects Frangois Seigneur and Sylvie de la Dure [l51 and EDF work 
on a concept of building able to receive cars inside of every flat in order to answer to the 
needs listed in the first part of this paper. 

The possibility to run his car inside of the flat gives n Iot of convenience: 
easier and safer mobility for elderly people, handicapped people and children, 
easier handling in a private (shopping) or professional context, 
safety storage of cars and its contents, 
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m no more underground collective parking understood as dangerous areas by inhabitants and 
collective house managers, 
possibility to park inside the car when it is not possible to dig underground parking. 

The "inside individual garage" is a new kind of room able to partly solve problems of 
flexibility in lodging: 

new possibilities of storage, 
the place for the "second part of the kitchen": storage of food, apparatus, rubbish's, 
workshop, bedroom for granny visiting children, apartment for elder children, room for 
parties, 

* use of the stored car as a room: auditorium for music, office, occasional bedroom, place of 
rest, 

This new intermediate room facilitates the coupling of a local and mobile way of generation 
of elecbicity (elec2ric fuel ceIl car) and a centralized system. Imagine a double network on a 
local scale: electricity and hydrogen: 

a fuel cell car is able to fill its hydrogen tank in the building or outside in the block, 
r the he1 cell car is able to deIiver electricity on a local network when staying at home. 

Architects Seigneur and Deladwe conducted the study of the concept in refurbishment of 
dwelling in the historic center of Marseilles for social housing. It was not possible to dig an 
underground parking, and the place for "car-eIevatorsn was founded in the place of classic 
inside stairs. Other studies for new collective houses concIude that the "car-elevator" cost is 
mainIy covered by the economy of the underground parking. 

Figure 3. Example ~ f a  professional use 

We described several advantages of this concept, but we have to discuss about its weaknesses: 
we checked that the concept is not opposed to possible evolution of urban transportation: 
that is true if the car is a urban one with an area of work of a few km. The larger car, the 
one for holiday for example, is stored a few kilometers away. 
the main criticism is coming from a medical point of view: our life is a more and more 
sedentary one. It is better to promoting walking h proposing ways of life avoiding it. 
We have to walk more, even with 20 kg of groceries. 

This concept of housing will be studied for real projects of new dwelling in order to build one. 
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Figure 4. Example of inside and outside integration of car-liffs 

Figure 5. Coming inside of the building 

4. Conclusions 

Electrical applications currently being developed provide a variety of technolegica1 solutions 
to subjects important for comfort in tomorrow's buildings. However these innovations will 
only be successful if they are psychologically and socially accepted by users (delegation, 
amount of control, and simplicity of interfaces). 

Products currently on the drawing board will undoubtedly provide solutions to demands for 
increased flexibility and comfort, and to the necessary requirement for increased respect of 
the environment. On the other h a d ,  protection of the health of occupants and difficulties 
related to refurbishment of existing housing must be described in larger research programs 
than today. Finally, there is often still a need for means of bringing these solutions within the 
reach of economically deprived populations. This is undoubtedly the theme in which we have 
to propess and which requires the most R&D effort. 
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On the particular theme of "sustainable buildings" and their energy efficiency, electricity 
companies have made many development efforts to improve the energy efficiency of 
electrical uses, with the initial purpose of economic competitiveness. Electricity applications 
can undoubtedly contribute to the design of EHQ buildings, and some can even improve 
buildings either by their high energy eEciency, or by their ability to improve the Indoor Air 
Quality and the quality of water. 

However these products, which are more energy economic, are only accepted if their use does 
not reduce strongly expressed needs for comfmt This compromise is possible, but the 
investment necessary for low energy consumption buildings and equipment is often higher 
than for traditional techniques (for the same service provided). 

This is the strongest brake in the current context of simultaneous high energy efficiency and 
energy abundance. However, solutions will have to be found to lower investment costs of 
products and systems with a high energy efficiency if we want to continue to control global 
energy costs, in other words these technologies have to be made accessible to the least 
fortunate segments of our population, and the large amount of h o w  how that electricity 
companies have built up can this theme has to be shared with developing countries. 
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[I I] Un nouveI art d'habiter - Concours rnaison confort dectrique 1998. 
(A new way of housing - Concourse Electric Comfort House). EDF - 1998 

[l33 Definition des cibles de la qualite environnementale des bgtiments, Dossier nQl, 
Association HQE, Paris, Novmbre 1997 
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[l21 Energy-Efficient and Heallthy Buildings. Yan Chen - 1 998. MPT, Department of 
Architecture, Massachussetts Institute of Technology 

[l 31 Definition des cibles de la qmliti enviromementale des biitiments, Dossier no l ,  
Association HQE, Paris, Novembre T 997 

[l41 Hypercars: materials, manufacturing and policy implications, Amory Lovins, Michael 
M. Brylawski - 1997. Rocky Mountains Institute 

[l51 Architect Fmqois Seigneur and Sylvie de la Dure: 27, me Elie Giraud E 3 200 ArIes - 
France. Integration de il'automobile dans le logement collectif - 2001 
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Energy storage 
H a h e  Pnksoy 
Chairman of IEA ECES IA 
Cukorava University 
Turkey 

Implementing Agreement on 
Energy Consemation Through 

Energy Stomge 
WA-ECES IA) 

Started in 1978. 

3 Why Energy Stomge * 
* Close the gap between supply and demand 

of thermal energy 
Utilize diurnal and annual variations in 
temperature 
Increase the potential of using solar energy 
effectively 

3 Why Energy Stomge m 

- decrease of energy-related CO,-emissions and 
hence global warming and climate change 

-avoiding utiIization of ozone depleting 
substances CODS) in cooling 

- decrease of air pollution acid rain caused by 
energy related SO, and NO, emissions 

3 Why Energy Sfomge a 

Conserves energy and money 

3 Why Energy Storage 

Decouples energy supply h m  energy 
demand 

Energy Stow 

3 Why Energy Storage 
InternationaI Commitments 
- UN meetings during last 10 years 

m Rio de Janeim I991 (Agenda 21) 
m Berlrn 1995 

Kyoto 1997 (Kyoto Protocol) 
Hague 2000 

- Montreal Protocol for OWS 
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Opemtiort of Energy Storage Overview of the Technologim 

SeasonaI (sumtnerlw inter) 
Diurnal [daylnight) 
Short-term 

Underground Thermal Energy 
Storage V E S )  

Thermal energy storage in the ground: 
- Aquifers (ground~~~ater bearing strata) 
- Boreholes in soft soils and rocks 
- Rock caverns and pits - Applications - heating and cooling 
- Communities or groups of buitdings(most1y 

seasonal). - Selection of suitable technolag 
- geologicd, hydmgeolo@cal and dimate 

conditions 

Thermashemica1 Heat Stomge 

= Reactions between chemicals are driven by 
a heat source 
- solar energy 

- waste hcat 

= Chemicals produced in the reaction can be 
stored seperately and then mixed when heat 
is required - Reaction must be reversible 

Heat or coId both consumed and delivered 

Energy St~ncge I >  

j i 
The Key 

Match storage ~echnology with appIication 
requirements COSTS 

SYSTEM e 

Underground Thermal Enegy Storage 
Phase Change Materials 
Adsorbtion Process 
Themochernical Heat Storage 

Electrical Energy Storage 

Phase Change Materials 
Chemicals 
- Sronng thermal eneTgy by melting a material with 

desired mcltlngpoint accord~ng to a p p l i ~ i o n  
- Recownng stored thermal energy by freezing the 

matenal 

Snow 
- Storing naturaI or artificially pmduced snow in winter 

to be melted In summer for coolmgapp11caTions 

Ice 
- Mechanically produced rrith cheap off-peak electricity 

to be m h e d  in peak tlme for cooling 

Electrical Energy Storage 
= Pumped Hydro 

Batteries (conventional & advanced) 
Superconducting Magnetic Energy Storage 
(SMESI 

m FEv\vheels 
Fuel CelVElectn>lyser Systems 

= Conventional Capacitors 

Supercapacitors/Ultracapacitors 

Benefits of' Thermal Energy 
Storrtge 

Exploiting solar e n e w  and natural thermal 
energy 

+ kploiting waste hesrt from any thermal 
process 
Increasing efficiency of energy use wd 
production 

a Peak-shaving ( h a d  levelling) 
Decreasing the dependence on conventional 
enersy resources 
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Bens~ts ofE1ectrical Energy 

spinning reserve 

load levetling 

integration with 
renewabies 

frequency and voltage 
regulation 

m network slabiiity 

defermm of new capital 
equipment 

cnharrEed quality of 
supplylpower quality 

enhanced overall energ). 
efficiency 

~rnisslms and 
environmental benefits 

&W management 

m demand-side management 

Motivations and Challenges 

Increase the economic eficiency - Prove the reliability of the energy system 
m System integration 

m Contribute to global environmental 
conservation 

Energy storase in urban planning - Short tern energy srorage in combination 
with seasonal storage 
Combination of short term storage with 
absorption heat pumps 
Electrical e n e r g  storage and inte-mtiun 
with renewables 

Applications 

Commercial Buildings Heating and Cooling 
DjsDict Heating and Cooling 
Residential Heating and CooIing - Agriculture-Aquaculture 

m Industw (processlspace heating and emling) 
Telecom Stations (cooling) 
Gas T h i n e  Generaton (inlet air cooling to increase 
the efficiency) 

- E n e w  storage in urban planning 
Short term energy storage in combination 
with seasonal storage 
Combination of short term storage with 
absorption heat pumps 
Electrical energy storage and integration 
with renewables 

Adsorption Process 
Beating, Cooling and Dehumidification 

- Solid adsorbents (zeolites, silica) 
Liquid adsorbents(dcssicants) 
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Heat Pumping Technologies and the 
Built Environment 
Heman Halozan 
Chairman of the E A  HPP Executive Committee 
Graz University of Technology, Austria 

The characteristics of advanced present and future buildings are reduced heat loads and heating 
demand, but due to the better insulation of the building envelope and controkd ventilation 
systems with exhaust air recovery cooling and dehumidifcation, respectiveIy, may be required to 
guarantee thermal comfort during summer time. 

For cooling there are only a few systems like compression, sorption and DEC available. For 
heating there is a great competition between conventional systems burning fuels and heat pumps. 
Heat pumping, i.e. reversing the natural heat flow from a higher to a lower temperature level, is 
an old technology, it is a highly efficient technology, and it is a proven and reliable technology, 
but it is only partly used in the built environment, especially in Europe. 

The capabilities for saving energy are often neglected; the reason for this situation is a lack of 
knowIedge on heat pumping technologies and on the energy system. The advantage of heat 
pumping technologies is that there is practicaIIy no limitation of the capacity, the range covers 1 
kW to 45 MW. 

Heat pumping technologies can be used for heating and cooling and in some applications the 
excess heat of cooling can be used simdtaneously for heating: on function can be canied out for 
free. Heat pumps save, compared with conventional systems, at least 50 % enerw, and this 
feature can contribute to improve the environment and heIp to meet the Kyoto targets. 
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Workshop Programme 

Tuesday, May 8 
19.00 Welcome Reception 

Wednesday, May 9 
08.30 Welcome and Purpose of the Think Tank 

Jsm T, Bmnsell, Chairman of the Future Buildings Forum, Norwegian Building 
Research Institute, Nonvay 

09.1 5 Global Challenges 
Bystein Dahle, Head of the World Watch Institute, Scandinavia 

10.00 The Energy Situation in 2025 and Beyond 
Claes Otto Wene, IEA Secretariat, Paris 

f0.45 Coffee Break 

11 .l 5 Trends in Lifestyles 
Margrethe Aune, SINTEF, Noway 

11.45 Factor 4 - l O in Buildings 
Sverre Tilfnes, GRIP Center for Sustainable Production and Consumption. Noway 

12.15 Long Term Trends in the Swiss Building Sector 
Mark Zimmermann, EMPA ZEN, Switzerland 

73.00 Lunsj 

f 4.00 Challenges in Building energy efficiency in warmer climates 
Poul Kristensen, Denmark 

14.30 Buildings End-Use Working Party Perspective 
Bertil Petterson, Swedish Ministry of Environment, IEA End-Use Working Party 

15.00 Urban planning for a green and sustainable Future 
Tony Rigg, UIA Architecture & Energy Work Programme, Israel 

15.30 Existing Buildings 
Leigh BresEau, Design Partner, USA 

16.00 Coffee Break 

16.20 High Performance Commercial Buildings: A Technology Roadmap 
Richard Karney, US Department of Energy, USA 

15.50 Energy systems in buildings 
Asger S. Kjeldsen, Encon Electrical Utility, Denmark 

17.20 Information about tomorrow 
Fred Morse, Morse Associates, USA 

18.30 Boating Excursion on the Oslo Fjord (includes dinner] 
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Thursday, May 10 

08.30 - 9.30 Presentations (3 Parallel Sessions) 

New Buildings 
Introduction by chairperson Anne Grete Hestnes 

Indoor air quality and Energy Use in Buildings 
Eduardo de Oliveira Femandes, ASH RA€ 

Application of advanced envelope components and condition strategies for optimise 
energy consumption in commercial buildings 
Michele Zinzi, ENEA-SIRE-DINT 

Existing Buildings 
Introduction by chairperson Hugo Hens 

1 Presentation by Mugo Hens 

Energy Systems in Buildings 
Introduction by chairperson Fred Morse 

Camfort and energy in future buildings. 
Marie Helene Laurent, Electricite de France - R&D 

Heat Pump technologies and the Built Environment 
Merrnan Halozan, Chairman of the IEA HPP Executive Commitlee, Graz University of 
Technology 

Energy storage 
Halime Paksoy, Cukurova University 

09.30 Discussion an Marked Forces, Trends, Impacts and Opportunities (3 Parallel 
Sessions) 

1 2.30 Rapporteurs reports (Plenary session) 

d3.00 Lunch 

14.00 Discussion of Research and Development Needs (3 Parallel Sessions) 

17.30 End of the day 

18.00 Bus Sightseeing in and around Oslo (indudes dinner) 

19.30 Dinner 
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Friday, May 1 l 

08.30 Plenary Presentation of Conclusions and Recommendations by Session 
Chairpersons 
o New Buildings 
o Existing Buildings Retroft 
o Energy Systems in Buildings 

09.30 Coffee Break 

10.00 Synthesis of Recommendations 

12.30 Wrap-up 

13.00 Lunch-EndofWorkshop 

14.00 Departure for Train Connection to Airport 
FBF Organising Commitlee Meeting 
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Rapporteurs report - New buildings 

Session leader Rapporteur: 
h e  Grete Hestnes, Nonvay, Richard Karney, USA 

Introduction 
Nine people participated in the New buiIdings group. Two presentations, one about indoor 
climate and one about energy performance in envelope components were first presented 
before the brainstorming and discussions started. The result of the discussions is shortly 
presented below. 

Major marked forces/Trends 

Environmental consciousness 
Information technology 
Urbanisation 
Demographic change 

Medidhage 
* Increased Comfort Requirements 

Environmental Directives, Codes 

Imp acts 
Information technology 
o New types of buildings 
o Control systemsManagements 
o Design process 

a Urbanisation 
o Large buildings 
o Focus on light, ventilation, air, electricity 
o Urban planningJrnicroc1 imate 
o Holistic approach 
o Combined Systems 
o Mixed use of buildings 

Environmental. climate 
o Need for data, definitions 
o Desire for visible solutions 

EnvironrnentaI directiveslCodes 
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o Building products, materials 
o Reduced energy use 
0 Technologies 

Environmental consciousness 
o Change of attitude 

Demographic change 
o Different types of buildings 
o Different load approach 

Opportunities 
Holistic approach 
Data, indicators, criteria, targets 
Systems, components 
Multifunctional facades 
Urban environment - building 

Building or beyond 
BuiIding as other service suppliers 

a Ventilation 
m Demonstrating energy supplying 

buildings (communities) 

R & D needs 

I. TitIe 
Urban environment l building interaction 

Brief description 
Gain knowledge of how the urban environment influences the individual building's 
energy performance and comfort and vica versa Cpollution, noise, wind, heat, light, other 
buildings and so on) 

Broad objectives 
Impmve energy perfommce and comfort at an urban scale 

Expected outcome 
Planning tool to optimise more than one building for energy performance and comfort 

2. Title 
Buildings as other service suppIiers 

Brief description 
Establish the potential of building (surfaces) for supplying other services (desalination, 
fuel for cars, crop drying, grey water purification, clean air . . .) 
Identify and develop the most suitable concepts 

Broad objectives 
Extend the building functionality 

Expected outcome 
New concepts 
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3. Title 
Optimal ventilation 

Brief description 
To establish optimal ventilation as a function of building use construction and materids 
and energy use (demand control, pollution control, efficiency,. . .) 

Broad objectives 
To reduce energy use for ventilation 
Expected outcome 
Guidelines 

4. Title 
Energy supplying buildings (communities?) 

Brief description 
- Develop conceptdintepted design of energy conversion systems in buildings 
- Build and show 

Broad objectives 
To demonstrate the potential of energy supplying buildings 

Expected outcome 
Demonstration buildings 
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Rapporteurs report - Existing buildings 

Session leader Rapporteur 
Hugo Hens, Belgium Mark Zimmermann, Switzerland 

Introduction 
Eight people participated in the Existing buildings p u p .  One presentation about the 
importance of thermal retrofit in existing buildings were fist presented before the 
brainstorming and discussions started. The result of the discussions is shortly presented 
below. 

Marked forces in industrialised countries 

Present 
Low energy prices 

* Environmental consciousness 
Habits and status 
Traffic problems (densely populated 
areas) 
Increased number of households 
Governmental incentives and 
interventions 

General trends and impacts 

Trends 
m Increasing individuality 
* Increased wealth and coflsumption 

Aging population 
Globalization 

m More frequent climate extremes 
Increased use of information technology 
Pollution? 

Within 20 - 25 years 
m Increasing energy prices 

Increasing environmental costs 
Habits and status 

* Safety issues 
Traffic problems (densely populated 
areas) 
Stabilizing number of households?? 

Impacts 
Increased floor space demands 
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Building trends and impacts 

AvailabiIity of abandoned i n d u s ~ a l  space 
Company ownership of residential developments 
Population mobility 
Shorter service lifes of appliances 

R & D Needs 

The Existing group discussed the following 17 project proposals. Many of these proposals has 
strong connections to each other which entails that a broader pmgram concerning existing 
buildings would be more appropriate than several single projects. 

1. Title 
Decision criteria for retrofit versus new construction 

Brief description 
To establish decision criteria for retrofit v m s  new construction. A holistic approach 
(financial, life style, building condition, Iocation and so on) 

2. Title 
Factor X in renovation 

Brief description 
Today there is no howledge about which factor X that is achievable in renovation and 
project will establish such knowledge. (concepts, performance requirements, 
demonstration). Factor X is expIained as X times less than a reference (for example, for 
residential buildings, the average eneru consumption / environmental load of the actual 
building stock). 

3. Title 
Impact of neighboshood integration on the factor x 

Brief description 
To establish the impact of neighborhood integration (clustering) has on the factor X, 

4. Tide 
Assessment methodologies and tools applied to retrofitting 

Brief description 
Assessment methods and tools are more or less developed for existing buildings and to 
some extent for new buildings. No one is developed for retrofitting (life cycle, indoor 
climate, micro-environment, present value). This project will evaluate assessment 
methodologies and tooIs with the intention to develop the framework for a method 
applied for retrofitting. 
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5. Title 
Innovative lighting technologies for existing buiIdings 

Brief description 
The potential for reducing electricity in the bdding sector is large due to use of new 
lighting technology in existing buildings. 

6. Title 
Roof integrated solar collectors for heritage buildings 

Brief description 
Solar collectors are today mostly adjusted to more modern buildings than for heritage 
buildings. The architecturaI expression are often not particular successfuI because of 
irregular roof shapes and materials, and can be a obstruction to instal1 such solar 
coillectors. The project will be to develop better roof integrated solar coIlectors for 
heritage buildings. 

7. Title 
Transforming existing facades into inteIligent facades 

Brief description 
InteIligent facades, as indoor climate control, ventilation and energy production, is to 
some extent or at least under development. Such systems are until today directed to 
facades I new buildings. This project will evaluate the possibiIity to transfom also 
existing facades into such intelligent facades. 

8, Title 
Ground coupled combined heating and coding for existing buildings (heat pump 
technology) 

Brief description 

9. Title 
Integrated information and eontroI technology for energy eficiency in existing buildings 

Brief description 
More energy conscious users of buildings will reduce energy consumption both for 
heating, lighting and equipment significantly. Such consciousness can be obtained among 
other things through energy information systems integrated with control technology for 
energy efficiency. 

10. Title 
Energy efficient plug and play systems fer retrofit 

Brief description 
To obtain energy efficiency in existing buildings major obstructions are often high costs 
and difficult logistic because several crafts are needed for small operations. IT energy 
eficient systems were more of the "plug and play type" that reduced both costs and not at 
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least simplified the logistic such systems would probably be a success. The consequences 
WC 11d both reduced energy consumption in existing buildings and new products. 

11. Title 
Reference consumption and indoor climate data for existing buildings; 

Brief description 
As a basis for several other proposals on existing buildings reference consumption and 
indoor climate are important factors to know. The project will collect idormation about 
the reference consumption and indoor climate mainly based on statistical data from 
measureme-lts in different countries and cIimates but also to some extent on theoretical 
calculations. 

12. Title 
Urban energy consumption in comparison to suburban situations 

Brief description 
Gain knowledge of how the urban environment influences the individual building's 
energy perfomance h comparison to suburban sifaations. 

13. Title 
Instruments for analying, promoting and carrying out the renovation process 

Brief description 

14. TitIe 
Proper usage of advanced envelope insulation for retrofit 

Brief description 
Adapt advanced envelope insulation to retrofitting projects. 

15. TitIe 
Integrated mechanical systems in existing buildings Cheating-ventilation-heat recovery- 
hot water-electricity production); 

16. Title 
Conversion of existing high temperature to low temperature-heating system in retrofitted 
buildings 

Brief description 
Converting of existing high temperature heating systems (radiators and floor heating] into 
Iow temperature heating systems in existing buildings is an important task to obtain more 
sustainable heating systems. 

17. Title 
Using mixed hydrogen-natural gas heating systems in existing buildings? 
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Rapporteurs ,. . V, - 
report - Energy systems 

Session leader 
Fred Morse, USA 

Rapporteur : 
MaIcome Onne, United Kingdom 

Marked trends 
Customer choice / higher standards 

m Environmental concerns 
* CIirnate change 
m Supply security 

Propaganda 
m Fossil fuel resources, policies and prices 

Trends 
Information technology 

* More electrical equipment 
m More electricity use (as preferred energy source) 

Decentralized energy technoIogy 
m Sustainable materials 

Greater use of renewable energy 
m MO= efficient use of energy in buildings 

Facilities management 
E Increased mobility 

Impacts 
Buildings versus communities as energy systems 
e.g. Factor 10 reduction may Iead to conflict with district heating infrastructure 
Energy storage requirements 
- centralized 
- decentralized 
Building energy management systems, optimized for: 
- profit 
- energy reduction 
- CO2 reduction 
Load management by energy utilities (enabled by TT) 

W More electrical equipment 
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Increased eficiency of electrical equipment 
Possible conflict between energy and aesthetics for historic buildings 

Opportunities 
Major renovations enable improvements of building and community energy systems 

* Residential and work environments more integrated 
Greater availability and use of "'green materials" 
Lower (higher) temperature, more cost effective, greater use of renewables and storage in 
district heating (cooling) systems 
Energy storage - central versus distributed 
Energy system optimization - coherence between different scales (e.g. improved power 
plant efficiency versus local fuel cells) 
"'Plug and playy' integrated comfort and service systems 
Adaptive, flexible buildings with changeable energy systems 
Larger international market for new energy technologies (speeds up technoIogy learning) 

R & D Needs High Priorities 

1. Title 
Low Temperature Systems Analysis and Product Development 

Brief description 
To consider the use of heating I cooling at lower DT, and to take advantage of lower 
quaIity sources of energy or l o w s  loads. (ECBCS Annex 37 possibly already covers this.) 

2. Title 
Integrated Comfort and Service "Plug and Play" Systems 

Brief description 
To investigate optimal structural and systems integration of energy conversion 
technologies (e.g. integrated low-cost PV modules, solar water heating, conventiona1 and 
reversible fuel cells, heat pumps, energy storage) 

3. Title 
Comprehensive Building Sector Energy Systems Analysis 

Brief description 
On account of recent market deregulation and other factors, investigate coherence 
between energy systems at different scaIes, including methodologies to resolve conflicts 
and to find synergies between different levels (for buildings, communities, and national 
power systems) 

4. TitIe 
Market Entry Strategy 
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Brief description 
To identify niche markets by mapping high-value applications in buildings for new 
technologies 

R 6t D Needs - Medium priority 
Product Development 

To develop low temperature heating systems for all buildings types (e.g. low 
temperature radiators for residential buildings) (to replace direct electric space heating, 
common in Nonvay and Sweden) 

Load management 
TO evaluate the potential of peak load reduction by influencing behavior using 
information technology and feedback mechanisms. 

Utilization of Waste Heat 
A comprehensive review of opportunities to use waste heat for a variety of building 
applications, e.g. waste heat from offices used in nearby residences; waste heat from 
IT equipment in dedicated internet server buildings. 

* Analysis of District Heating Systems 
To study measures to avoid oversizing in district heating and cooling system 
components, e.g. energy storage. 

R & D Needs - Low priority 
Advanced Air Conditioning 

To deal with separation of latent and sensible cooling in buildings, especially in large 
buildings 

m Design Competition 
A design competition covering heating, ventilation, air conditioning, and energy 
storage, based on optimal integration of energy systems with building design 

Product Development for Room 
Sized Energy Systems - to develop heating, ventilation with heat recovery, cooling 
units for local room conditioning in highly insulated buildings (e.g. packaged units or 
other local controIs) 



 




