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The construction, use and demolition
of buildingsall havevery considerable
positive effects upon OECD member
country economies. The construction
sector accounts for 10 to 15% of
GDP and buildingsrepresent one half
of fixed capital assets in the OECD
area. However, the effects of con-
struction activitiesand building opera-
tions on the environment are of in-
creasing concern, since they impact
both on the natural and on the social
environment. On average, the con-
struction sector isresponsiblefor one
sixth of total freshwater withdrawals
and, with the demolition sector, isre-
sponsiblefor 20 to 30% of waste gen-
eration in the OECD countries. Fur-
thermore, the sector isdirectly or in-
directly responsiblefor approximately
30 to 40% of the total energy con-
sumption and CO2 emissions, if the
operation phase and production proc-

ess of construction materials are in-
cluded.

Theenvironmental and economic per-
formance of the construction sector
can be enhanced through the efficient
useof materialsand energy resources,
and by considering its influences on
the ecologica and socid surroundings.
The aim of the OECD sustainable
building projectisto review and ana-
lyse policiesand strategies of achiev-
ing sustainability of residential, com-
mercial and public buildings. Thisen-
tailsthe evaluation of policies devel-
oped by governments, and of initia-
tives promoted by influential
stakeholders as diverse as, for in-
stance, architects, buildings, suppliers
andinvestors. These policiesand ini-
tiatives affect both new construction
and therefurbishment of existing build-
ings.
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Table 1. Sustainable Buildings: Legal Systems and Policy Programmes

by Country

Country Regulati Other Policy | Country Regulati Other Policy |
Australia 2 14 | Korea 3 0
Belgium 4 2 | Netherlands 2 7
Canada 10 11 | New Zealand 3 2
Czech Republic 4 0 | Sweden 2 10
Finland 8 2 | Switzerland 5 14
France 5 5 || United Kingdom 1 3
Germany 17 0 | United States 0 4
Greece 4 4 | Buropean Commission 5 4
Japan 6 6

. Total | 81 | 88 |

In November 1998 the OECD initi-
ated a four year project on sustain-
ablebuildingsaspart of itsactivity to
advance resource efficiency within
OECD member countries. The objec-
tive of thisproject isto support mem-
ber countriesintheir effortsto develop
effective policiesto address environ-
mental impacts of buildings and the
construction sector. By theend of July
1999, 16 member countries and the
European Commission had submitted
reports providing overviews of policy
frameworks in the area of “sustain-
able building”. Each country report
consists of an outline of the national
legal framework, alist of relevant or-
ganisations, some model or pilot
projects, alist of publications and/or
other availableinformation on build-
ing and the environment. The present

Figure1: Policy Objectives

report summarises the replied re-
ceived from member countries, and
provides the first comprehensive re-
port on policies to improve the
sustainability of buildings.

Sustainable buildings can be defined
asthosebuildingsthat have minimum
adverseimpactson the built and natu-
ral environment, interms of the build-
ingsthemselves, their immediate sur-
roundingsand the broader regional and
global setting. Sustainable building
may be defined as building practices
which strive for integral quality (in-
cluding environmental quality) in a
very broad way. Thus, therational use
of natural resources and appropriate
management of the building stock will
contribute to saving scarce resources,
reducing energy consumption, and
improving environmental quality.
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Sustainable building involves consid-
eringtheentirelifecycleof buildings,
taking environmental quality, func-
tional quality and future values into
account. Inthe past, attention hasbeen
primarily focused on the size of the
building stock inmany countries. Qual-
ity issues have hardly played a sig-
nificant role. However, in strict quan-
tity terms, the building and housing
market is now saturated in most
OECD countries, and the demand for
quality isgrowing inimportance. Ac-
cordingly, policiesthat contributetothe
sustainability of building practices
should beimplemented, with arecog-
nition of the importance of existing
market conditions. Both the environ-
mental initiative of the construction
sector and the demands of users are
key factors in the market. Govern-
mentswill be ableto giveaconsider-
able impul seto sustainable buildings
by encouraging these developments.

The amount of information collected
with the assistance of WPPPC del-
egatesisimpressive.

Table 1 and Figures 1 and 2 give an
overview of the results.

Figure2: Policy Tools
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Theprimary goal of building commis-
sioning, from an energy perspective,
isto verify and optimisethe perform-
ance of energy systemswithinabuild-
ing. Theobjective of the Annex isto
develop, validate and document tools
for commissioning buildingsand build-
ing servicesthat will help facilitatethe
achievement of thisgoal. Thesetools
will includeguidglineson commission-
ing procedures and recommendations
for improving commissioning proc-
esses, as well as prototype software
that can beimplemented in stand-aone
toolsand/or embedded in building en-
ergy management systems (BEMYS).

The ECBCS Programme organises
the FBF on behalf of the IEA Build-
ings Co-ordination Group (BCG). The
FBF was established for the purpose
of identifying future challenges fac-
ing the building sector, and recom-
mending research activities to meet
these challenges for the IEA’s End-
Use and Renewable Energy working
party agreements.

The FBF s activities are built around
the concept of “ Think Tanks’ designed
to explore long-term (25 years plus)
scenarios for the built environment,
and to engage participants in devel-
oping nearer term R&D strategies
that addressthe challenges posited by
the scenarios. Think Tank sessionsare
held every fiveyearsand involve par-
ticipation by a number of futuristic
speakers as well as representatives
from each of the seven buildings-re-

It isanticipated that some of the pro-
cedures developed in the Annex will
betransferred to standardisation bod-
ies and could eventually become the
basisfor new commissioning regula-
tions. The work performed in the
Annex will focus on HVAC systems
and their associated control systems,
but will take into account, when ap-
propriate, interactionswith other sys-
temsand with the building shell.

lated IEA Implementing Agreements
in two and ahalf days of discussions
and brainstorming sessions.

The papers presented included the
following:

- Globa Challenges, by Oystein Dahle,
Head of the World Watch Institute,
Scandinavia

- The Energy situation in 2025 and
Beyond, by Claes Otto Wene, |EA
Secretariat, Paris

- Trends in Lifestyles, by Margrethe
Aune, SINTEF, Norway

- Factor 4-10 in Buildings,by Sverre
Tiltnes, GRIP Center for Sustainable
Production and Consumption, Norway

- Long Term Trends in the Swiss
Building Sector, by Mark Zimmer-
mann, EMPA ZEN, Switzerland

Subtasks:
A: Commissioning Process;

B: Manual Commissioning Proce-
dures;

C:. BEMS Assisted Commissioning
Tools;

D: Design Models and Commission-
ing;
E: Commissioning Projects.

The Annex will include apreparation
phase and aworking phase. The pro-
gramme plan wasinitiated by awork-
shop involving 41 participantsfrom 13
countries.

&

L
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T T
- Challengesin Building Energy Effi-
ciency in Warmer Climates, by Poul
Kristensen, Denmark

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

- Urban Planning for a Green and
Sustainable Future, by Tony Rigg,
UIA Architecture & Energy Work
Programme, Israel

- Existing Buildings, by Leigh Bredau,
Design Partner, USA

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

- Energy Systems in Buildings, by
Asger S Kjeldsen, Encon Electrical
Utility, Denmark
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- Information About Tomorrow, by
Fred Morse, Morse Associates, USA

A total of twenty papers were pre-
sented and the meeting was attended
by around forty delegates from the
building research community world-
wide.

Parallel workshop sessionswereheld
todiscuss:

- New Buildings

A workshop followed by the kick-off
meeting for the annex took place in
January 2001.

Thisisajoint activity with [EA Solar
Heating and Cooling. Theprogramme
has been modified significantly to con-
centrate on building energy conserva-
tionissues.

The general objective of Annex 37 is
to promote rational use of energy by
means of facilitating and accelerating
theuse of low valued and environmen-
tally sustainable energy sources for
heating and cooling of buildings. Spe-
cificobjectivesare:

- To investigate the technical and
market potentials for replacing high
valued energy (e.g. fossil fuels and
electricity) by low valued energy

- Exigting Buildings
- Energy Systemsin Buildings

It isanticipated that the outcomefrom
the Future Buildings Forum will be
used strategically by the various |EA
buildings-related Implementing
Agreements (such as the ECBCS) to
develop their programmes of work
over the next five years.

sources and to assess its impact on
global resources and environment;

- To assess existing technologies and
components for low exergy heating
and cooling in buildings, to enhance
the development of new technologies
and to provide the necessary toolsfor
analysisand evaluation of low exergy
systems;

- To develop strategic means for the
introduction of low exergy solutions
in buildings by case studies, design
toolsand guidelines.

Four sub-tasks will be carried out in
order to reach the objectives:

A: Exergy AnalysisToolsfor the Built
Environment;

B: Low Exergy Concepts and Tech-
nologies,

C: Case Studies and Market
Potentidls;

D: Documentation and Dissemination.

The guidebook produced viathis an-
nex will incorporate practical tools. A
newsletter is available from the Op-
erating Agent.

For more information see the contact
detailson the back page of thisnews-
letter, or the ECBCS web pages.

The objectives of Annex 36 are:

- To provide tools and guidelines for
decision makersand designersto im-
provethelearning and teaching envi-
ronment of educational facilities
through energy-efficient retrofitting;

- To support the decision makers in
evaluating the efficiency and accept-
ance of available concepts;

- To give recommendations on how
to operatetheretrofitted buildings;

- To promote energy- and cost-effi-
cient retrofit measures.

To accomplish the objectives of the
Annex, the participantswill carry out
research and development in the
framework of the following four
Subtasksand onejoint working group:

A: Selectionand Analysisof Existing
Information;

B: Case Studies;

C: Software Development and Analy-
sisMethods;

D: Documentation and Dissemination;

- Joint Working Group: “Energy Con-
cept Adviser”.
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Denmark, Finland, France, Germany,
Italy, Poland, UK and USA are mem-
bers of this annex, with Norway,
Canada, Greece and Portugal as ob-
servers. Dissemination activitiescur-
rently include a website, newsdletter
andarticles. Anopenforumisplanned
for next year. Currently, eleven case
studies representing a wide range of
schoolsand building typeshave been
analysed. It is planned to cover uni-
versities, collegesand associated |abo-
ratories, hallsetc. aswell asschools.
In total the Annex is planning 30-40
case studies.

The objectives of Annex 35 are;

- To develop control strategies for
hybrid ventilation systemsin new build
and retrofit of office and educational
buildings,

- To develop methods to predict hy-
brid ventilation performancein hybrid
ventilated buildings,

- To promote energy and cost-effec-
tive hybrid ventilation systemsin of -
ficeand educational buildings;

- To select suitable measurement
techniquesfor diagnostic purposesto
be used in buildings ventilated by hy-
brid ventilation systems.

To reach these objectives, the Annex
is structured into three sub-tasks:

A: Development of control strategies
for hybrid ventilation;

B: Theoretical and experimental stud-
ies of performance of hybrid ventila-
tion. Development of analysis meth-
odsfor hybrid ventilation;

C: Pilot studies of hybrid ventilation
(includes 14 pilot study buildings).

Fifteen countries and the AIVC are
participating in this Annex.

The State of the Art Review report

has been published, and is available
viathe Operating Agent, or the ESSU
Bookshop. A recent meeting in Bel-
gium attracted 25 attendees from the
building industry. The Annex final re-
port, “Principles of Hybrid Ventila
tion” will bea30-pagebooklet witha
CD containing supporting material
aimed at designers and newcomersto
thetopic.

Theobjective of thisAnnex istowork
with control manufacturers, industrial
partners and/or building owners and
operators to demonstrate the benefit
of computer aided fault detection and
diagnostic systems. Methods are
based on either stand-alone “PC”
based systems or incorporated within
afuture generation of “smart” build-
ing control systems.

Subtasksinclude:

- Constructing a prototype perform-
ance validation system for assisting
with the final stages of the commis-
sioning or re-commissioning of HVAC
systems,

- Constructing prototype performance
monitoring systemsto detect unsatis-
factory performance by comparing
current performance with that pre-
dicted by areference model;

- Interfacing prototype systems to
building control systems;

- Testing and demonstrating perform-
ance validation and monitoring sys-
temsinreal buildings.

It isconcluded that the design of com-
mercia fault detection and diagnosis
(FDD) tools should be user driven.
The main beneficiaries of FDD are
most likely to be building operatorsand
owners, aswell as service providers.
Infact, it isvery difficult to diagnose

some faults from normal operating
data. Artificial faults must be intro-
duced when testing tools. Annex 34
has taken basic research to the point
where it is ready to be commercialy
exploited. The fina report for this
annex is under review.

The purpose of the Annex isto apply
modern statistical and analytical tools
that have been developed for scien-
tific system analysisto thearea of lo-
cal or urban energy and environmen-
tal planning. The approach has been
one of direct application to specific
towns and cities within participating
countries.

The Annex is divided into three
subtasks covering:

- Transfer and Sharing of Knowledge;
- Case Studies;

- Guidebook Production and Dissemi-
nation.

Thefina report for thisannex isavail-
able viathe ESSU bookshop.

The final report for this annex has
been produced and distributed. The
Annex isnow formally closed.

Theaim of thisstudy isto understand
the total energy and environmental
impact of buildings. Thisisbased on
such factors as the life cycle of the
building itself combined with energy
and material throughput during build-
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ing use. The results are being com-
piledinto acomprehensive handbook
covering:

- Theory;

- Analytical Evaluation Tools;
- Applications;

- Benchmarks;

- Databases,

- Case Studies.

A summary reportisavailablefor this
annex as well as a website, which
provides a scientifically based sum-
mary of the work.

In November 2000 a successful joint
technical workshop washeld between
ECBCS and ECES in Tokyo, Japan.

Presentationsfrom ECES representa-
tivesincluded:

- a briefing by Professor Halime
Paksoy;

- anoverview of ECESAnnex 8“1m-
plementing Underground Thermal
Energy Storage Systems (UTES), by
Dr Bo Nordell;

- ECES Annex 14, “Cooling with
Thermal Energy Storage in al Cli-
mates’, by Professor Halime Paksoy;

- ECES Annex 10, “Thermal Energy
Storage with Phase Change Materi-
asand Chemical Reactions’, by Pro-
fessor Fredrik Setterwall;

- ECES Annex 12, “High Tempera-
ture Underground Thermal Energy
Storage”, by Dr Burkhard Sanner;
and

This annex is now formally closed.
Check the ECBCS website for publi-
cations. Several Annex 28 papers
were presented at the Winter 2001
ASHRAE meeting in Atlanta.

A new software design tool has been
developed during the extension period
of this annex and is under review. A
handbook/final report is soon to be

- ECESAnnex 15, “Electrical Energy
Storage and the Integration of
Renewables’, presented by Dr Alan
Coallinson.

Further topics of joint interest dis-
cussed included

published. See pages11-12for details.

Annex 5isset to continuefor another
threeyear operating period from June
2001. The new Operating Agent is
Peter Woutersof INIVe (International
Network for Information on Ventila-
tion), based at the Belgian Building
Research Institute. A newsletter and
CD of publications and information
are dueto be published in September
2001 to coincide with the annual
AIVC conference.

- hybrid heating and cooling;
- low thermal inertiaconstruction;

- space cooling/heating methods
optimized for UTES applications, and
others.

Phase Change
Materials

and
Chemical
Reactions
for

Thermal Energy Storage

International Energy Agency
Efficient Energy End-Use Technologies WP
Energy Conserv: ation through Energy Storage 1A

T

Annex 10

~3
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Thisreport describestheinitiation of
thework within Annex 37 and reviews
the contents of the first publications
to bewritten in Subtasks A, B and C.

Annex 37 will runfor four years, 2000-
2003. The participating countriesare:
Canada, Denmark, Finland, France,
Germany, Japan, the Netherlands,
Norway and Sweden.

The main objective of Annex 37isto
promotetherational use of energy by
means of facilitating and accelerating
the use of low valued and environmen-
tally sustainable energy sources for
the heating and cooling of buildings.
The specific objectives are:

- toinvestigate the technical and mar-
ket potentials for replacing high val-
ued energy (e.g. fossil fuelsand elec-
tricity) by low valued energy sources
and to assess itsimpact on global re-
sources and the environment;

- to assess existing technologies and
components for low exergy heating
and cooling in buildings, to enhance
the devel opment of new technologies
and to provide the necessary toolsfor
analysisand eval uation of low exergy
systems; and

- to develop strategic means for the
introduction of low exergy solutions
in buildings by case studies, design
toolsand guidelines.

Four subtasks will be carried out in
order to reach the objectives.

Subtask A: Exergy Analysis Toolsfor
the Built Environment

The main objective of this Subtask is
to assess and develop a comprehen-
sive set of tools to enable an assess-
ment of low exergy technologies, com-
ponents and systems.

Subtask B: Low Exergy Concepts
and Technologies

The main objective of thissubtask is
to create a comprehensive database
of low exergy concepts, and to assess
their advantages, requirements and
limitations.

Subtask C: Case Studies and Mar-
ket Potentials

The main objective of thissubtask is
to collect practical experiencesgained
fromingtalled low exergy systemsand
to analysethe market potentia of low
exergy systemsin different countries.

Subtask D: Documentation and Dis-
semination

Theabjective of thissubtask isto com-
pile and widely disseminate the An-
nex research results and to identify
the means of influencing the energy
policies and regulations in order to
promote the use of low exergy sys-
tems.

At the Annex’s First Expert Meeting
inMaastricht (April 5to 7, 2000), the
progress of work was reviewed and

the actions for the next six months
were decided.

An ‘Introduction to the concept of
exergy’ document has been prepared
in Subtask A and is due for publica-
tion. [1]

The work on the database of low
exergy technologies, concepts, system
solutions and their impacts is well
underway. Each participant will con-
tributeto thework by fillingin oneor
two pages about one or more low
exergy conceptsor technologies. The
databasewill containinformation about
traditional heating or cooling systems
for comparison. ‘Traditional’ in this
context would mean the systems
widely used in the participating coun-
tries. [2]

A report onthe side effects of the low
temperature heating systems is in
preparation. The idea is to demon-
strate that, in addition to the desired
heating or cooling effect, low exergy
systems can provide occupants with
a comfortable, clean and healthy en-
vironment. [3]

Exergy defines the quality of energy
and isanimportant tool for designing
and assessing different heating and
cooling systems. In Annex 37, ‘low
exergy systems' are heating or cool-
ing systemsthat alow the use of low
valued energy as the energy source.
In practice this means systems that
provide heating or cooling energy at a
temperature close to room tempera-
ture. There are currently many low
exergy technologies available and
thesetechnologieswill beformedinto
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a database and appropriate design
guidelines will be developed during
Annex 37. The application of low
exergy systems provides many addi-
tional benefits besides energy supply
benefits such as. improved thermal
comfort, improved indoor air quality
and reduced energy consumption.
These aspectswill be promoted toin-
crease the application of low exergy
systems for the heating and cooling

In the database of low exergy heat-
ing and cooling systemsfor buildings,
the systemsweredividedinto thefol-
lowing groups:

- Surface heating and cooling systems
(floor, wall and ceiling heating and
cooling or phase change material sur-
faces)

- Air heating and cooling systems (air-
to-air heat exchangers, water-to-air
heat exchangers, steam or vapour-to-
air heat exchangers and passive sys-
temslikeatriaor evaporative cooling)

- Metabolic systems ( biological sys-
temslike bacteria, animals or plants)

- Heat generation (boilers, heat
pumps, solar collectors, CHP, waste
heat)

- Thermal storage (seasona or short
term)

- Heat distribution systems (liquid or
air as transfer medium)

- Conventional systems (for compari-
SON purposes)

During the first three meetings of
Annex 37, many examples of low
exergy systems in the participating
countries were presented.

In Finland, the use of district heating
is very common and air-to-air heat

of buildings.

[1] Subtask A working group, edited
by Alain Legault. 2000. Exergy
Analysis — Concepts and Facts. Un-
published report.

[2] HH EW Eijdems, A C Boerstra,
PJM Op ‘t Veld. 2000. Low Tem-
perature Heating Systems. Impact on
IAQ, Thermal Comfort and Energy

recovery iswidely applied. Now there
is even a specific system concept
called Thermonet? that provides dis-
trict cooling. Thermonet? offers dif-
ferent concepts for various needs of
energy management e.g. in swimming
halls, super markets, office buildings
etc. The ideais to use an integrated
system sol ution to promote the use of
low valued energy like waste heat or
solar heat. Another Finnish system
concept is Sensus, which is designed
to provide occupants with a desired
indoor climate (including temperature,
draft and lighting).

The Germans have worked alot with
large-scale solar systems with long-
term energy storage. This represents
alow exergy system, where the low
temperature level of the distribution
network will significantly improvethe
efficiency of the whole system.

At the second preparation phase
meeting in Montreal, the Japanese
presented an exergy analysis for a
composting tank. In this case it was
not used for heating, but the analysis
showed, that biowaste produces low
temperature heat, and perhaps could
be used for heating under some cir-
cumstances.

TheDutch haveinitiated animplemen-
tation program for low temperature

Consumption. Unpublished articlefor
the first Annex 37 Newsdletter.

[3] Zollner, G, et al. 1985. Warme-
abgabe; warmetechnische prufung
und auslegung von warmwasser-
fussbodenheizungen, Proceedings
Clima 2000, Summaries and author
index, Vol. 7, pp. 341.

distribution systems (like floor and
wall heating systems), which includes
feasibility and theoretical studies, field
experiments and demonstration
projects. In their studies they have
found that floor and wall heating sys-
tems offer great benefits for indoor
air quality, thermal comfort and en-
ergy savings.

Major savingsin energy consumption
can be realised by fully utilising the
potential of Low Valued Energy. Low
Valued Energy is available from re-
sidual heat, ambient heat and renew-
able sources. It can be used for Low
Temperature Heating (LTH) in resi-
dential and commercial buildings, but
the buildingsand installations should
be designed for low temperature dis-
tribution systems. Appropriate distri-
bution systems, like floor and wall
heating, have alife cycle of 40 to 50
years. Therefore to implement Low
Valued Energy sourceswithin the next
half century, heat distribution systems
should bedesigned for lower tempera-
tures as soon as possible. Aware of
this need for quick action, the Neth-
erlands Agency for Energy and the
Environment (NOVEM) initiated an
implementation programin 1996. This
program has demonstrated that, be-
sides the argument of savingsin en-
ergy supply, there are additional ben-
efitsinthefieldsof:
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- Indoor Air Quality (particles, mites,
lower air temperature, annoyance and
dust);

- Thermal Comfort (radiant heat, tem-
perature gradient, radiant heat asym-
metry, floor temperature, temperature
fluctuations, heating up period, cool-
ing, air velocitiesand draught);

- Energy Consumption (transmission/
venting losses, transport energy, utili-
sation of gains).

Other possible benefitsinclude; reduc-
tion of burning risk, extra space due
to the absence of radiators and other
equipment, reduction in mould growth,
etc. By highlighting these additional
benefits a quicker and broader intro-
duction of LTH-systems may occur.
In addition, application on a broader
scale will also lower the prices of
these systems. Many disadvantages
can be avoided by proper designsand
compensating measures. Arguments
against LTH-systems often appear to
be based on negative experiences in
the past (poor design or installation)
or alack of knowledge.

Dueto abetter insulation of new and
retrofitted buildings and new tech-
niquesfor reducing ventilation losses,
the heating demand of modern build-
ingsisdecreasing. Thisongoing trend
enablesabroader application of LTH-
designsfor thesmaller heating capaci-
ties needed. Wall and floor heating
systems fit very well into an LTH-
design, but also air heating, enlarged
radiatorsand enlarged convectorscan
be applied. LTH-designs can be de-
fined according to the design tempera-
turerangesgivenin Table 1.

Theradiant heat transmission compo-
nent of LT-systems is much higher
than for other systems. Therefore the
convection heat transfer is reduced
and the air temperatures can be 1-2
°C lower and provide the same com-
fort level. It is presumed that radiant
heat transfer (i.e., relatively cool air
and warm surrounding surfaces) bet-
ter satisfies the comfort needs of hu-
man beings because it is more ‘ natu-
ral’ (like solar radiation on the skin).

In computer simulations and |abora-
tory and field experiments, aclear dif-
ference was found in vertical tem-
perature gradients between floor and
HT-radiator heating. With floor heat-
ing, practically no temperature distri-
butionisfoundinwell-insulated build-
ings, but the temperature distribution
resulting from radiator, wall and other
heating systems are very dependent
on the design. Normally, gradients
range from 2—3 °C between floor and
ceiling, while poorly designed systems
show gradientsupto 7 °C. In particu-
lar, the gradient between ankle and
head levels influences the perceived
thermal comfort.

Cold window surfaces can cause dis-
comfort by radiant heat losses, which
are not in balance with radiant heat
flowsin other directions. Complaints
occur when differences exceed 23
W/mzor 10 °C. Conventionally, com-
pensationwas provided by placing hot
radiators close to the cold surfaces,
but due to better insulating windows,
thisaspect isbecoming lessimportant.
At higher U-values, the height of the
window can be restricted or compen-
sation, for instance by extra heating

Table 1. Definition of temperature ranges for heating designs

System Supply Flow | Return Flow
High temperatures (HT) 90°C 70°C
Medium temperatures (MT) 55°C 35-40°C
Low temperatures (LT) 45°C 25-35°C
Very low temperatures (VLT) | 35°C 25°C

inthe outer circle of floor heating sys-
tem, is recommended. Discomfort
from heated floor or wall surfaces
does not occur.

A heated floor increases the comfort
in many applications. Floor covering,
like carpets, is nhot needed for walk-
ing bare-foot or sitting on the floor
(e.g., a home, nurseries and swim-
ming pools). Optimal floor tempera-
turesrangefrom 20-28 °C with shoes
and 23-30 °C with bare feet depen-
ding ontheflooring material.

Temperature fluctuations around a
constant mean value are annoying for
occupants and LTH-systems provide
fewer fluctuations because LTH-sys-
tems have a greater inertia and the
driving forcesaresmaller dueto large
surfaces and low temperature differ-
ences. Inertia is often considered to
causediscomfort during solar gainsor
sudden changesin internal gains, but
infact, LTH-systemshave‘ self-regu-
lating’ abilities. Since LTH-systems
operate at small temperature differ-
ences, any change in the indoor tem-
perature has a relatively large effect
on the heat supply and therefore the
heat supply reacts almost instantly to
temperature changesin the interior.

Conventional heating systemshavea
shorter heating-up period (after coo-
ling down e.g. for 8 hours) dueto the
inertia of direct connected thermal
mass for floor and wall heating sys-
tems. Thetemperatureraisefor LTH-
systems, however, ismuch lower than
for HT-systems. Moreover heating up
is often associated with air tempera-
tures, but considering operative
temperature (mean value of air and
radiant temperature) reduces the dif-
ferences between LT and HT- hea
ting systems.

Increasing the insulation grade of
buildingstogether with reducing ven-
tilationlossesand utilising solar gains,
increasestherisk of overheating dur-
ing the summer. LTH systems can
often be adapted for cooling easily and
inexpensively, especially when com-
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bined with a ground collector (and
heat pumps).

Draught can be caused by cold (win-
dow) surfaces, at which theair inthe
boundary layer coolsdown and flows
downwards. This can be avoided for
instance by placing hot radiators un-
der the window. Laboratory studies
show that mean air velocitiesfor HT
radiators and floor heating arein the
same order within the living zones.
The fluctuations around the mean
value however (turbulence-intensity)
are about 20 % higher with HT radia-
tors. Applying well-insulated glazing
and limited window heights (max. 1.7
m for clear double-glazing) reduces
sufficiently the risk of draught with
floor (andlikely for other LT) heating
systems. Special attention is needed
for natural supply grillsinthefacade
for ventilation.

Inafield study in Finland, visible dust
on floors was found to correlate to
neurotic complaints like headache,
fatigue, and concentrating problems,
etc. LT-heatingwasfound to giveless
eye-irritation and throat and other
mucous diseases. Also a correlation
was found between the temperature
of the heating surface and particle
deposition. It is assumed that the
lower air fluctuationsfrom LTH-sys-
tems results in a lower quantity of
suspended particlesin buildings.

Many studies show a positive effect
from floor heating on reduction of the
mite population in dwellings. Thisis
mainly caused by alower relative hu-
midity (RH) in the boundary layers
abovethefloor (within thefloor cov-

ering). The mitesurvival thresholdis
45 % RH during long term. Floor
heating systems have been cal culated
toreducethe RH inthe boundary layer
by about 10% RH, which just suffices
to bring the RH under the threshold
value.

Asaresult of the high contribution of
radiant heat transfer, the room air
temperature can be 1-2 °C lower for
LTH systems. Severa studies show
a better performance for stuffiness
and perceived air quality at lower air
temperatures. Mucousirritation com-
plaintsincreasesignificantly at air tem-
peratures over 22-24 °C. The annoy-
ance from all kinds of emissions
(TVOC etc) is correlated to the air
temperature and a correlation has
been found for Sick Building Syn-
drome and the air temperature.

Inhaling dust can cause allergic reac-
tionsand the sensitivity of humansto
inhaled particlesismore dependent on
the quality of the particlesthan onthe
quantity. At temperatures exceeding
55 °C, the process of dust singe starts.
The particles get more reactive and
irritating from the higher temperatures
that occur at HT heating elements. So
LTH systems not only give less sus-
pending particlesintheair but moreo-
ver the particle spread isless aggres-
sive due to absence of dust singe.

Due to floor and wall heating, the
mean temperaturesin the heated con-
structions are higher during the heat-
ing season. Heated wallsin the outer
envel ope have up to 50 % large heat
losses, but applying athicker insula-
tion layer (2.5-5.0 cm thicker) in
heated constructions can easily com-
pensate for these extralosses. Trans-
mission losses from hot air flowing
along window surfaces are reduced
with LTH.

Inbuildingswith LTH, the ventilation
losses are lower due to the lower air
temperatures. In particular infiltration
and natural ventilation cause less en-
ergy consumption. For ventilation sys-
tems with balanced air exchange and
heat recovery the savingsare smaller.

Larger flows of the heating medium
might need to be transported because
of lower temperature intervals (espe-
cidly withfloor heating). In combina-
tion with a heat pump a continuous
heat flow is preferred at the lowest
possible supply temperatures. There-
fore the duty cycle of the transport
pump will often be higher for LTH
systems. Extra transport energy can
be restricted to about 400 MJ elec-
tricity per year (on an average domes-
tic electricity consumption of 10 GJ/
year) by agood hydraulic design.

In buildings with average insulation
levels, solar and internal gainsare uti-
lised 100 % for reduction of auxiliary
heat demand. In light mass buildings
with improved insulation, the utilisa-
tion of gains decreases. The energy
saving from better utilisation is also
dependent on the layout of the heat-
ing system and thermal zoning in the
building (e.g. through transport of so-
lar gainsby afloor system from south
to north zones).
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Themainmotivationforinitiating this
Annex wasthe need to developtools
to better evaluate domestic ventilation
systemsin various situations. Differ-
ent systemsin various climates must
handle situations with a large range
of residential behaviour. Withthe use
of the most complex models and de-
velopment of new ones, a large
number of combined situationsenable
usto develop simplified tools, that can
be used by practitioners in specific
cases.

This report presents the various sim-
plified toolsand an application of the
use of the tools on a specific case.
Thedetailed resultson whichthesim-
plified toolsare based can befoundin
more detailed background reports.

The countrieswhich have participated
inthistask are: Canada, France, Itay,
Japan, The Netherlands, Sweden, UK,
and the USA.

Thisreport isaconcluding work and
asummary of all the background re-
ports for the project.

Ventilationisof major importancefor
thewelIbeing of peoplein their homes.
Therateof outdoor air supply, aswell
ascomfort aspectsassociated with air
distribution and the ability of asystem
to remove pollutants, are important
factorsto be considered at the design
stage, during the commissioning pro-
cedure and when using the building
duringitslifetime.

Thetwo main purposes of ventilation
areto obtain an acceptable indoor air
quality and to avoid degradation of the
building fabric, e.g. rot in wood, rust
on steel. “ Acceptableindoor air qual-
ity” isnot easy to define, especialy in
dwellings. However, everyone should
have theright to acceptableindoor air
quality at home. As distinct from a
workplace, residents’ sensitivity can
vary widely from an allergicinfant to
awell trained sportsman, from an ac-
tive person spending most of their time
outdoorsto an elderly person confined

toalifeindoors.

Over thelifetime of abuilding, itsoc-
cupancy patterns will vary. This re-
sultsinavarying need for outdoor air
to obtain acceptableindoor air quality
(IAQ) and avoid degradation of the
fabric. Emissionsfrom building mate-
rials are also time dependant. When
the building is new or recently refur-
bished it may be necessary to dilute
the emissions by increased flow rate.
In standards and codes the supply air
neededinadwellingisgeneraly based
on the maximum number of persons
living in the dwelling defined by the
possible number of beds contained
therein. Statistics from various 1EA
countries indicate that, in general,
about 50 % (range 46 — 71 %) of
dwellings have only one or two resi-
dents.

Dweéllings represent about 25 — 30 %
of all energy used inthe OECD coun-
tries, and domestic ventilation will in
the future represent up to 10 % of the
total energy use. Thus even arela
tively small reductionin overall venti-
lationlevelscould give significant sav-
ings in total energy use. Of course,
the greatest potential for savingslies
inexisting buildings.

Today there is avast range of differ-
ent ventilation strategiesin thediffer-
ent OECD countries. In some coun-
tries the only ventilation present is
adventitious ventilation and window
airing, while in others natural stack
ventilation systems are more or less
in common use. In countries with
colder climates, mechanical systems
have been installed in new buildings
over the last 15 — 20 years. The sys-
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tems are either exhaust only or bal-
anced, with or without heat recovery
units. However, the mgjority of dwell-
ingsgtill have natural ventilation, even
in countrieswith colder climates.

Improvement of residential ventilation
isof concern in both existing and fu-
ture buildings. Thefunctioning of the
ventilation systems can deteriorate at
all stages of the building process and
during thelife-timeof the building.

The overall objective has been to de-
velop toolsfor better selection of do-
mestic ventilation systems, that can
better predict the expected indoor cli-
mate and make a choice for the most
likely situationsin dwellings. Thework
within IEA Annex 27 has been to:

- Develop toolsfor eval uating domes-
tic ventilation systems

- Validate that the methods work
- Demonstrate the tools

Themainaiminthisreport isto give
guidance on how to use the tools for
evaluating domestic ventilation sys-
temsin different situations.

The Annex has been divided into
subtasks dealing with specific topics.
The main goal, to produce tools us-
able for practitioners, has resulted in
splitting up thework in thefollowing

way:

First the background data was col-
lected in a State of the Art report
(Mansson 1995) which included sta-
tistical dataon housing, frequently used
systems, standards and codes, reviews
of recent research reports on mate-
rial emissions, residents behaviour,
and evaluation methods. The report
was a collection of background ma-
terial for the assumptions needed in
the ensuing work.

Simplified tools were developed for
evaluation of ventilation systems.
Toolshave been devel oped for energy,
thermal comfort, noise, inside to out-
side pressure difference, life cycle
cogt, reliability, user and building as-
pects, indoor air quality for constant
emission sources, CO , tobacco
smoke, cooking productsz, water ver
pour in habitable rooms and the bath-
room.

There was a need to validate the de-
veloped simplified tools. Hence meas-
urements have been performed in a
range of dwellings both to validate
the tools and give background mate-
rid.

Decisions on ventilation are madein
all countries by standards bodies,
policy makers, companiesinvolvedin
the housing industry, and others. But
these decisions have often been made
without a comprehensive evaluation
method. Research in recent years
described in the IEA Annexes, for
instance, has now madeit possibleto
formulate such methods to evaluate
domestic ventilation systems. Thetools
developed can be used both for new
and for existing dwellingsundergoing

renovation, and for detecting, analys-
ing and solving problems.

In general the handbook can be used
for new dwellings, the renovation of
existing buildingsandto find explana-
tionsfor certain situationsfor existing
systems. A flow chart providesavery
easy way to handle the tools, and for
each of the tools, there are tables
which provideresultsmostly inaquai-
tative way. The selection of one pa-
rameter may givean excellent quality
for onetool whilst giving an adverse
effect on another one. This might re-
sult in an iterative procedure, neces-
sitating going through the flow chart
more than once, to come to a fina
satisfactory result.

Theeasiest way istolook at the* Ap-
plication’ chapter first, and then go
back to each of the tool chapters to
find the result of your own chosen
example.

For those who are interested in de-
tailed analysis, where the number of
residents varies over the life time of
the dwelling, and different sizes of
dwellings, we recommend you read
the more detail ed background reports.
This is also the case if you want to
use your own experienced values for
e.g. reliability of system performance
and life cycle cost calculations.

The handbook will be published soon.

To order a copy, contact Janet
Blacknell, ESSU Bookshop, at the
address on page 16 of this newslet-
ter.
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The technical synthesis reportsare a
seriesof overview publicationswhich
contain a summary of the relevant
ECBCS annex. They are primarily
aimed at building services practition-
ers, designersand policy makerswho
require background knowledge of the
subject. They are designed to be ac-
cessible to the non-expert and to give
an introduction, making reference to
thefull Annex reportswhenever nec-
essary.

Seven reports are currently available
viathe ESSU Bookshop, price £20.00
plus postage. Three more reports are
in preparation, for the following an-
nexes:

Annex 24: Heat Air and Moisture
Transfer in Insulated Envelope Parts

Annex 27: Evaluation and Demonstra-
tion of Domestic Ventilation Systems

Annex 30: Bringing Simulation Mod-
elsto Engineers

The seven published reports are as
follows:

Technical Synthesis Report

A Summary of IEA
Annexes 16 & 17

Building Energy
Management
Systems

Irtamational Erargy Apency

Annex 16 & 17: Building Energy
Management Systems (TSR 01)

Annex 18: Demand Controlled Venti- e e
lating Systems (TSR 02)

Annex 21 Calculation of Energy and
Environmental Performance of Build-
ings (TSR 03)

Annex 26: Energy Efficient Ventila- s S gt
tion of Large Enclosures (TSR 04) '

Annex 25: Real Time Simulation of
HVAC Systems for Building

Low Energy Cooling

ultizane Air Flow
Meodelling (COMIS)
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Optimisation, Fault Detection and Di-
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Annex 23: Multizone Air Flow Mod-

elling (COMIS) (TSR 06)

Annex 28:. Low Energy Cooling
(TSR 07)
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1. Load Energy Determination of Buildings
(1977-80)

3. Energy Conservation in Residential
Buildings (1979-82)

6. Energy Systems and Design of
Communities (1979-81)

7. Local Government Energy Planning
(1981-1983)

8. Inhabitant Behaviour with Regard to
Ventilation (1984-87)

9. Minimum Ventilation Rates (1982-86)

10. Building HEVAC Systems Simulation
(1982-87)

11. Development of Toolsfor Energy Auditing
of Buildings (1982-87)

12. Windows and Fenestration (1982-86)

13. Energy Management in Hospitals
(1985-89)

14. Condensation and Energy (1987-90)
15. Energy Efficiency in Schools (1988-90)

16. Building Energy Management Systems 1.
User Interfaces and System Integration
(1987-91)

17. Building Energy Management Systems 2:
Evaluation & Emulation Techniques
(1988-92)

18. Demand Controlled Ventilation Systems
(1987-92)

19. Low Slope Roof Systems (1987-93)

20. Air Flow Patternswithin Buildings
(1988-91)

21. Calculation of Energy & Environmental
Performance of Buildings (1988-93)

22. Energy Efficient Communities (1991-93)
23. Multizone Air Flow Modelling (1990-94)

24. Heat, Air and Moisture Transport
(1991-95)

25. Real Time Simulation of HVAC-Systems
for Building Optimisation, Fault
Detection and Diagnosis (1991-95)

26. Energy Efficient Ventilation of Large
Enclosures (1993-96)

27. Evaluation and Demonstration of
Domestic Ventilation Systems (1993-1998)

28. Low Energy Cooling (1993-97)

29. Daylighting in Buildings (participating
vialA-SHC) (1995-99)

30. Bringing Simulation to Application
(1995-98)

31. Energy Related Environmental Impacts
of Buildings (1996-99)

32. Integral Building Envelope Performance
(1996-99)

33. Advanced Loca Energy Planning
(1996-98)

Energy Efficiency in Educational
Buildings (Working Group)

Indicators of Energy Efficiency in Cold
Climate Buildings (Working Group)

(ESSU)/ECBCS Bookshop,

c/o Janet Blacknell, Oscar Faber Group Ltd,
Beaufort House, 94/96 Newhall Street,
Birmingham B3 1PB Great Britain

Tel: +44(0)121 262 1900
Fax: +44(0)121 262 1999
email bookshop@echcs.org
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AUSTRALIA

Mr John Murray

National Executive Director, Master Builders
Australia, 3rd Floor, Construction House

217 Northbourne Avenue, Turner, Canberra
ACT 2612

Tel:+61 6 249 1433

Fax: +61 6249 1373

e-mail: mbaust@ozemail.com.au

BELGIUM

Prof Jean Lebrun

Lab.de Thermodynamique, Universite de Liege
Campus du Sart-Tilman, Batiment B49
Chemin des Chevreuils, B 4000 Liege

Tel: +32 43 664801

Tel: (Secretariat) +32 43 664800

Fax: +32 43 664812

e-mail: J.LEBRUN@ULG.AC.BE

CANADA

Morad R Atif

Director, Indoor Environment Research
Program, 1500 Montreal Road (M-24)
Ottawa, Ontario K1A OR6

Tel: +1 613 993 9580

Fax: +1 613 954 3733

email: morad.arif@nrc.ca

CEC

Erich Naegele

DG RTD J3 MO75 7/18

200 rue de la Loi

B-1049 Bruxelles

Belgium

Tel: +32 296 5061

Fax: +32 2 299 3694

email: Erich.Naegele@cec.eu.int

DENMARK

Mr Bjorn Hafstrom

Head of Section, Energy R & D, Danish
Energy Agency, 44 Amaliegade, DK-1256
Copenhagen K

Tel: +453392 7555

Fax: +45 339268 67

e-mail: bkh@ens.dk

FINLAND

Mr Esko Virtanen

Programme Manager Construction
Technology, TEKES Technology Development
Centre, PO Box 69, Malminkatu 34
FIN-00101 Helsinki

Tel: +358 10 521 5833

Fax: +358 10 521 5904

e-mail: Esko.Virtanen@tekesfi

FRANCE

Mr Pierre Herant

Batiment et Collectivites, Agence de
I"Environment et de la Maitrise de |’ Energie
Centre de Sophia Antipolis, 06560 Valbonne
Tel: +334 9395 7947

Fax: +33 4 93 65 3196
e-mail:pierre.herant@ademe.fr

GERMANY

Mr Jurgen Gehrmann
Forschungszentrum Julich, Projekttrager
Biologie, Okologie, Energie

D 52425 Julich

Tel: +49 2461 614852

Fax: +49 2461 613131
e-mail:j.gehrmann@fz-juelich.de

GREECE

Mr Dimitrios Nomidis

Head, Energy Saving Division, Ministry of
Development, Michalacopoulou str. 80
GR-101 92 Athens

Tel: +30 1 7709100

Fax: +30 1 7717612

e-mail: kimonif@otenet.gr

I SRAEL

Mr Joseph Nowar ski

Director — Energy Conservation

Ministry of National Infrastructure, P O Box
13106 , Jerusalem 91130

Tel: +972 2 5316115

Fax: +972 2 5316081

e-mail: jnow@mni.gov.il

ITALY

Dr Anna Luisa De Carli

ENEA, C.RE. Casaccia-Via Anguillarese 301
00060 SMaria di Galeria (Roma)

Tel: +39 06 304 83432

Fax: +39 06 304 83930
e-mail:decarli@casaccia.enea.it

JAPAN

Prof Yuichiro Kodama

Kobe Design University, Gakuen-nishi 8-1-1
Nishi-ku , Kobe

Tel/Fax: +81 78 796 2571

e-mail: y-kodama@kobe-du.ac.jp

NETHERLANDS

Mr Piet Heijnen

Account Manager Bouw, NOVEM BV,
Swentiboldstraat 21, Postbus 17, 6130 AA
Sittard

Tel: +31 46 4 202265

Fax: +31 46 4 528260

e-mail: p.heijnen@novem.nl

NEW ZEALAND

Mr Mark Bassett

Building Research Association of New
Zealand Inc, (BRANZ), Private Bag 50908,
Porirua

Tel:+64 4 2357600

Fax:+64 4 2356070

email: branzmrb@branz.org.nz

NORWAY

Dr Jarn Brunsell (Vice Chairman)
Norwegian Building Research Institute
PO Box 123 Blindern, N-0314 Oslo
Tel: +47 22 96 55 46

Fax: +47 22 96 57 25

e-mail: Jorn.Brunsell @byggforsk.no

POLAND

Prof Stanislaw Mierzwinski

Slesian Technical University

Faculty of Environmental Engineering and
Energetics, Dept of Heating, Ventilation &

Dust Removal Technology, ul Konarskiego 20

44 101 Gliwice

Tel: +48 32 2 37 1280
Fax: +48 32 2 37 2559
email: kowito@kowito.ise.polsl.gliwice.pl

PORTUGAL

Mr Pedro Figueiral

CCE - Centro para a Conservacao de Energia
Estrada de Alfragide, Praceta 1

2720-537 Alfragide

Tel: +351214722814

Fax: +351214722898

email: pfigueiral @cce.pt

SWEDEN

Mr Conny Rolen

Formas

Box 1206

Birger Jarls torg 5

S-111 82 Stockholm

Tel: +46 8 775 4030

Fax: +46 8 775 4010

email: conny.rolen@formas.se

SWITZERLAND

Mr Mark Zimmermann
EMPA-ZEN, Ueberlandstrasse 129
CH 8600 Duebendorf

Tel: +411 8234178

Fax: +41 1 823 4009

email: mark.zimmermann@empa.ch

TURKEY

Prof Dr Riknettin Oskay

METU Mech Eng Dept, Makina Muhendidligi
Boliimii, Orta Dogu Teknik Universitesi
06531 Ankara

Tel: +90 312 2102539

Fax: +90 312 2101266

e-mail: mecheng@rorqual.cc.metu.edu.tr

UK

Dr Earle Perera

Building Research Establishment Ltd
Bucknalls Lane, Garston, Watford
Herts WD2 7JR

Tel: +44 (0)1923 664486

Fax: +44 (0)1923 664796

e-mail: pererae@bre.co.uk

Mr Barry Austin

Ove Arup & Partners, 13 Fitzroy Street
London W1P 4BQ

Tel: +44 020 7465 3063

Fax: +44 020 7465 3669

e-mail: barry.austin@arup.com

USA

Mr Richard Karney (Chairman)

Department of Energy, Building Systems &
Materials Division, Mail Stop EE-421

1000 Independence Ave, SW, Washington DC
20585

Tel: +1 202 586 9240

Fax: +1 202 586 5954

e-mail: richard.karney@ee.doe.gov
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5 Air Infiltration and Ventilation
Centre(1979-)

Dr Peter Wouters

Belgian Building Research Institute
(WTCBICSTC)

rue de la Miolette, 21-23

1000 Brussels

Belgium

Tel: +32 2 655 7711

Fax: +32 2 653 0729

e-mail: inive@bbri.be

(for publications) airvent@aivc.org
Web: www.aivc.org

27 Evaluation and Demonstration of
Domestic Ventilation Systems (1993-)
Mr Lars-Goran Mansson

LGM Consult AB

Adler Salvius Vag 87

S-14653 Tullinge

SWEDEN

Tel: +46 8 778 5006
Fax: +46 8 778 8125
e-mail: |g.mansson@I|gm-consult.se

34 Computer Aided Fault Detection
and Diagnosis(1997-2001)

Dr Arthur Dexter

Dept of Engineering Science

Parks Road

University of Oxford

Oxford OX1 3PJ

UNITED KINGDOM

Tel: +44 01865 273007

Fax: +44 01865 273906

e-mail: arthur.dexter @eng.ox.ac.uk
and

Dr Jouko Pakanen

VTT Building Technology

P O Box 18021

FIN 90571 Qulu

FINLAND

Tel: +358 8 551 2033

Fax: +358 8 551 2090

e-mail: jouko.pakanen@vtt.fi

35 Control Strategiesfor Hybrid
Ventilation in New and Retrofitted
OfficeBuildings- HybVent
(1998-2002)

Per Heiselberg

Indoor Environmental Engineering
Aalborg University

Sohngaardsholmsvej 57

DK-9000 Aalborg

DENMARK

Tel: +45 9635 8541
Fax: +45 9814 8243
e-mail: i6per @civil.auc.dk
http://hybvent.civil.auc.dk

36 Retrofittingin Educational
Buildings—Ener gy Concept Adviser
for Technical Retrofit Measures
(1998-2002)

Hans Erhorn

Frauhofer Institute of Building Physics
Nobelstr.12

D-70569 Stuttgart

GERMANY

Tel: +49 711 970 3380

Fax: +49 711 970 3399
e-mail:erh@ibp.fhg.de
www.annex36.bizland.com

37 Low Exergy Systemsfor Heating
and Cooling of Buildings(1999-2003)
Carey Simonson, Senior Research Scientist
VTT Building Technology

Energy Systems and Building Automation
PO Box 1804

FIN-02044 VTT

FINLAND

Tel:+358 9 456 4710

Fax:+3589 4552408

e-mail: carey.simonson@vtt.fi
http://www.vtt.fi/rte/projects/annex37

38 Solar SustainableHousing
(with Solar Heatingand Cooling
Task 28) (2000-2005)

Hans Erhorn

Frauhofer Institute of Building Physics
Nobelstr.12

D-70569 Stuttgart

GERMANY

Tel: +49 711 970 3380
Fax: +49 711 970 3399
e-mail:erh@ibp.fhg.de

39 High Performance Thermal
Insulation Systems(2001-)
Markus Erb and Hanspeter Eicher
Dr H Eicher and Pauli AG
Kasernenstrasse 21, CH-4410 Liestal
Switzerland

Tel: +41 61 921 99 91

Fax: +41 61 923 00 25
Markus.Erb@eicher-pauli.ch

40 Commissioning of BuildingHVAC
Systemsfor Improving Energy
Performance (2001-)

Jean Christophe Visier

CSTB, Head of Automation & Energy
Management Group

84 Avenue Jean Jaures, BP 02
F-77421 Marne la Vallee Cedex 02
France

Tel: +33 1 64 68 82 94

Fax: +33 1 64 68 83 50

email: visier @cstb.fr

FutureBuildingsForum

Dr Jorn Brunsell

Norwegian Building Research Institute
PO Box 123 Blindern

N-0314 Oslo

Norway

jorn.brunsell @byggforsk.no

| EA Secretariat

Mr Clas-Otto Wene

Office of Energy Efficiency, Technology, R&D,
9 Rue de la Fédération

75739 Paris Cedex 15

FRANCE

e-mail: Clas-Otto. WENE@iea.org
www.iea.org

Published by
TheECBCSSecretariat (ESSU)

(ESSU)/ECBCS Bookshop

Great Britain

Executive Committee Support Services Unit

c/o Janet Blacknell, Oscar Faber Group Ltd,
Beaufort House, 94/96 Newhall Street, Birmingham B3 1PB
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