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the appearance of this latest edition of the EBC An-

nual Report may differ compared to what you may have 

expected. In fact, during my first year as Chair, the EBC 

Executive Committee has taken a number of fundamental 

decisions to update the identity of the EBC Programme. 

We started by changing our logo, which had dated from 

1977 when EBC (then ECBCS) was founded, and ended up 

revising our name too. Our former name was thought to 

be too long and difficult to remember. thus, a new name 

was created to enhance communications. We are now the 

IEA ‘Energy in Buildings and Communities’ Programme, 

or EBC for short. these changes have been rounded off by 

re-designs of our website, newsletter and report formats. 

not only do I hope that you like our new look and name, 

but also that this makes your life easier when talking and 

writing about the IEA ‘Energy in Buildings and Communi-

ties’ Programme – It is now simply EBC.

I am pleased to announce that in June 2012 Dr. takao 

Sawachi has been elected as the EBC Vice-Chair. In this 

capacity, he is leading the renewal of our Strategic Plan 

for the coming five years period. During the past year, 

the Executive Committee visited Spain and Switzerland. 

At both locations, well organized conferences were held 

to encourage scientific exchanges between the EBC Pro-

gramme and the national research communities. In the 

reporting period, three new international collaborative 

projects have been started. they are on the topics, ‘new 

Generation Computational tools’, ‘Deep Energy Retrofit’ 

and ‘Ventilative Cooling’. You can find introductions to these 

within this Annual Report. no projects were completed 

during the reporting period, but several are now close to 

publication of their final reports. Among the project pro-

posals that have recently been under discussion by the 

EBC Executive Committee, there is a clear trend towards 

research and development of tools and implementation of 

strategies for energy efficient communities. 

the actual economic and political boundary conditions 

with currently low fossil fuel prices and the preference of 

many countries to step out of nuclear power generation 

are challenging in view of reaching energy reduction and 

climate change mitigation goals. Reliable and cost effec-

tive technologies for transforming the built environment 

into an energy efficient and low carbon state are needed 

more than ever. So, to provide solutions in this field has 

become even more urgent. EBC is making strong contri-

butions to address these challenges by convening target-

ed international collaborative research work.

Andreas Eckmanns
EBC Executive Committee Chair

Chair’s statement
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New Research Projects

VentilatiVe Cooling

DeVelopment & Demonstration of finanCial &  
teChniCal ConCepts for Deep energy retrofits of goVernment  

or publiC builDings & builDing Clusters

new generation Computational tools for builDing &  
Community energy systems baseD on the moDeliCa &  

funCtional moCkup interfaCe stanDarDs
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the current trend in building energy efficiency towards 

nearly zero energy buildings creates a number of new 

challenges for building design and construction. One of 

the major challenges is the increased need for cooling in 

highly insulated and airtight buildings, which is not only 

required in summer and mid season periods, but can also 

be needed in winter, particularly in office buildings. Most 

of the post-occupancy studies of high performance build-

ings in European countries show that the temperature 

levels are the most often reported problem, especially in 

residential buildings.

Ventilative cooling is the application of ventilation air flow to 

reduce the cooling loads in buildings. It utilizes the cooling 

and thermal perception potential of outdoor air. Ventilative 

cooling can be an attractive and energy efficient solution 

to reduce the cooling load and avoid overheating of both 

new and renovated buildings. However, before ventilative 

cooling is considered, internal gains from equipment and 

solar radiation are assumed to be reduced to a reasonable 

level. Ventilation is already present in buildings through 

mechanical and / or natural systems. It can remove both 

excess heat gains, as well as increase air velocities and 

thereby widen the thermal comfort range. As cooling also 

becomes necessary outside the summer period, the pos-

sibilities of using the cooling potential of low temperature 

outdoor air increases considerably. to address the cooling 

challenges of buildings the project research will focus on

development of design methods and compliance tools re-

lated to predicting, evaluating and eliminating the cooling 

need and the risk of overheating in buildings, and on devel-

opment of new attractive energy efficient ventilative cool-

ing solutions. 

objectives  

the objectives are to:

– analyse, develop and evaluate suitable design methods 

and tools for prediction of cooling need, ventilative cool-

ing performance and risk of overheating in buildings;

– give guidelines for integration of ventilative cooling in 

energy performance calculation methods and regula-

tions, including specification and verification of key per-

formance indicators;

– extend the boundaries of existing ventilation solutions 

and their control strategies and to develop recommen-

dations for flexible and reliable ventilative cooling so-

lutions that can create comfortable indoor conditions 

under a wide range of climatic conditions;

– demonstrate the performance of ventilative cooling 

solutions through analysis and evaluation of well docu-

mented case studies.

meetings

A workshop took place in Copenhagen, Denmark on 8th - 

9th October, 2012.

Project duration 

2012 – 2017

Operating Agent

Per Heiselberg, Aalborg University, Denmark

Participating countries (provisional)

Austria, Belgium, P.R. China, Czech Republic, Denmark, Fin-
land, France, Germany, Greece, Italy, Japan, The Netherlands, 
Norway, Switzerland, Spain, Sweden, United Kingdom, USA

Further information

www.iea-ebc.org

New Research Projects

Ventilative Cooling

annex 62

Shading (to reduce solar gains) and ventilation should be 
applied to reduce cooling loads and avoid overheating. 
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New Research Projects

Stringent targets for reductions in energy use in govern-

ment or public buildings are now becoming more common 

in many industrialised countries. However, the funding 

and ‘know how’ (applied knowledge) available for owner-

directed energy retrofit projects has not kept pace with 

new requirements to increase the number of energy retro-

fits and to improve the energy efficiency of existing build-

ings. In recent years, the Energy Savings Performance 

Contract (ESPC) has proven to be a very energy and cost 

efficient tool in some countries. nevertheless, in many 

countries the number of projects funded by ESPCs do not 

form a significant part of the total investment budgeted by 

public institutions for energy retrofits. this project aims 

to increase the acceptance of ESPCs, and to broaden the 

implementation of deep energy use reduction through re-

furbishment of existing buildings using ESPCs. 

to date ESPCs have been used primarily as instruments 

for retrofitting heating, ventilating, and air-conditioning 

(HVAC) systems, lighting systems and controls. Imple-

mentation of certain individual measures (for example 

building envelope insulation and improved airtightness, or 

co-generation) results in significant reductions in building 

heating and cooling loads or minimization of energy waste, 

but requires significant investments with long paybacks. 

However, when different technologies are implemented 

together, or are ‘bundled’, they can result in significant 

energy use reductions, require smaller investments, and 

consequently have faster paybacks. Such bundles of en-

ergy saving measures are seldom applied when buildings 

and building clusters are retrofitted. Decision makers and 

energy service companies (ESCOs) often lack of knowl-

edge about the synergies of different energy saving meas-

ures available to them, or about the efficiencies and return 

on investment that such bundles of measures could yield.

In the face of ambitious energy efficiency objectives it will 

be necessary to provide integrated solutions and corre-

sponding business models to the market. ESPCs, for ex-

ample, are not yet the chosen vehicle for integrated ret-

rofit projects that include the building thermal envelope. 

Research in the project would improve the decision mak-

ing process to achieve deep energy retrofits of govern-

ment / public buildings (office / administrative buildings, 

dormitories / barracks, educational buildings, and so on). 

the starting point is the determination of effective bundles 

of technologies and corresponding business models using 

combined public and private funding. While some coun-

tries have demonstrated successful renovation projects 

that reduced energy use by up to 70% in pilot projects 

subsidized by the government, penetration of such retrofit 

concepts into privately (co-)funded retrofit projects is lim-

ited, or in some locations non-existent. Experiences from 

individual countries would be analyzed for applicability in 

other participating countries. 

development & demonstration of financial &  
technical Concepts for deep Energy Retrofits of  

government or Public Buildings & Building Clusters

annex 61

Residential building renovation in 
Karlsruhe, Germany.
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the application of an energy savings performance contract (ESPC) alongside a design / build contract to 
introduce energy saving measures during building renovation. 

Building renovation
– interior / Exterior
– structural / finishes

Energy saving measures
– hVAC
– Envelope (insulation / windows)
– Cool Roof

general 
Contractor

EsCo

design / build contract EsPC

sRm funds EsPC funding

meetings

In 2012, two preparation meetings took place in:

Karlsruhe, Germany, 2nd–3rd May, 2012

Paris, France, 18th October, 2012.

Project duration 

2012 – 2016

Operating Agents

Alexander Zhivov, US Army Engineer Research and Develop-
ment, USA, and Rüdiger Lohse, KEA- Climate protection and 
energy agency of Baden- Württemberg GmbH, Germany

Participating countries (provisional)

Austria, Belgium, Denmark, Finland, France, Germany,  
Portugal, Sweden and USA

Further information

www.iea-ebc.org

objectives

the objectives are to

– provide a framework and selected tools and guidelines 

to significantly  reduce energy use (by more than 50%) 

and improve indoor environment quality in government 

and public buildings and building clusters undergoing 

renovation;

– gather and, in some cases research, develop, and dem-

onstrate innovative and highly effective bundled pack-

ages of energy conservation measures for selected 

building types and climatic conditions;

– develop and demonstrate innovative, highly resource-

efficient business models for retrofitting / refurbishing 

buildings and building clusters using appropriate com-

binations of public and private funding such as ESPCs 

and other concepts to be developed together with the 

building owners;

– support decision makers in evaluating the efficiency, 

risks, financial attractiveness, and contractual and 

tendering options conforming to existing national legal 

frameworks;

– engage building owners and other market partners in 

the proceedings and work of the project.
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Connections from individual buildings and district energy 

systems will become increasingly integrated within smart 

grids to reduce energy and peak power and to increase 

occupant health and productivity. this poses new chal-

lenges for building simulation programs to support deci-

sion making during product development, building design, 

commissioning and operation. this situation leads to new 

functional requirements on computational tools for build-

ings that are not addressed by existing building simulation 

programs. In the meantime, other engineering sectors 

have been making large investments in next generation 

computing tools for complex dynamic engineered sys-

tems. the aim of the project is therefore to transfer these 

developments to the buildings industry. For buildings and 

community energy systems it will coordinate currently 

fragmented developments on next generation computing 

tools based on two open, non-proprietary standards, the 

Modelica modelling language, and the Functional Mockup 

Interface.

Based on these, the project aims to share, further devel-

op and deploy free open source contributions of currently 

uncoordinated activities in modelling and simulation of 

energy systems in buildings and communities. It will cre-

ate and validate tool chains that link building information 

models to energy modelling, building simulation to con-

trols design tools, and design tools to operational tools. 

Invention and deployment of integrated energy-related 

systems and performance based solutions for buildings 

and communities will be accelerated by extending, unify-

ing and documenting existing Modelica libraries. they will 

also be improved by linking existing building performance 

simulation tools with Modelica through the Functional 

Mockup Interface standard. the technology will allow op-

timized design, analysis and operation of multi-domain 

systems as posed by building and community energy sys-

tems. It will also allow the use of models across the whole 

building life cycle to ensure realization and persistence of 

design intent.

objectives

the objectives are to develop and demonstrate next-

generation computational tools that allow building and 

energy grids to be designed and operated as integrated, 

robust, and performance based systems.

deliverables

– Validated and documented models that can be used 

by designers, manufacturers, controls providers, re-

searchers and students with multiple open source and 

commercial Modelica simulation environments.

– new algorithms, implemented in existing building simu-

lation programs and in co-simulation middleware, which 

allows efficient co-simulation and model exchange 

through the Functional Mockup Interface standard.

–  Interfaces that allow designers to configure Modelica 

models from a building information model (BIM) com-

patible CAD system.

–  Case studies that demonstrate to designers the co-

design of building energy and control systems taking 

into account system dynamics (energy storage and con-

trols), uncertainty and variability.

– Case studies that demonstrate to urban planners and 

utilities the integration of buildings into a community-

level energy grid.

–  Software and case studies that demonstrate to design-

ers, control providers and students how to use models 

to assist in the operation of buildings.

A guidebook will explain how these technologies can be 

used in applications that are beyond the capabilities of 

traditional building simulation programs. Applications 

include rapid virtual prototyping, design of local and su-

pervisory control algorithms, and deployment of models 

in support of commissioning and operation.

New Research Projects

New generation Computational tools for Building  
& Community Energy systems Based on the  

modelica & functional mockup interface standards

annex 60
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Interrelationships between technical challenges and planned project outcomes. these challenges will be addressed 
through the use of a standardized modelling language, standardized Application Programming Interfaces (API) and 
standardized data models.

ChALLENgEs
New requirements in building and community 
energy performance simulation

oBjECtiVEs
Annex 60

BuiLdiNg ANd CommuNity ENERgy gRids
–  designed and operated as an integrated, robust,  

performance based system
– detailed design of building systems including controls
– energy system development at community level
– building automation systems

BuiLdiNg ANd CommuNity ENERgy systEms  
modELiNg LiBRARy
– modelica modeling technology
– standardized interfaces
– open-source

Co-simuLAtioN tEChNoLogy to LiNk with  
ExistiNg ENERgy simuLAtioN
– functional mockup interface
– technology transfer to building sector
– new co-simulation algorithms

Bim suPPoRt
– standardized building and plant model data exchange
– modelica / Bim interfaces

standardized modeling 
language, simulator APis 
and data models

multiple scales

multiple disciplines

multiple domains
multiple tools

meetings

two teleconferences took place in 2012.

Project duration

2012 – 2017

Operating Agents

Michael Wetter, Lawrence Berkeley National Laboratory, 
USA, and Christoph van Treeck, RWTH Aachen University, 
Germany

Participating countries (provisional)

Austria, Belgium, P.R. China, France, Germany, Ireland,  
The Netherlands, Sweden, Switzerland, USA

Further information 

www.iea-ebc.org
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ongoing Projects

high temperature Cooling & low temperature  
heating in builDings 

reliable builDing energy performanCe CharaCterisation baseD on 
full sCale DynamiC measurement

eValuation of emboDieD energy & Co2 emissions for  
builDing ConstruCtion

Cost effeCtiVe energy & Carbon DioxiDe emissions  
optimization in builDing renoVation

reliability of energy effiCient builDing retrofitting –  
probability assessment of performanCe & Cost

integration of miCro-generation & relateD energy  
teChnologies in builDings

total energy use in builDings – analysis anD  
eValuation methoDs

towarDs net zero energy solar builDings

energy effiCient Communities:  
Case stuDies & strategiC guiDanCe for  

urban DeCision makers 

air infiltration & Ventilation Centre aiVC
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this project presents a new perspective and concept for 

analysing heating, ventilation and air conditioning (HVAC) 

systems in buildings. High temperature cooling and low 

temperature heating would be achieved by reducing tem-

perature differences in heat transfer and energy trans-

portation processes.

It is important to minimise temperature differences in 

HVAC systems, because high differences result in re-

duced efficiencies and therefore increased energy use. 

the project is thus focusing on temperature differences 

throughout HVAC systems, as well as in indoor spaces 

and on how these can be minimized in highly energy ef-

ficient buildings. temperature differences within HVAC 

systems can be classified into three types, arising from:

– heat and moisture exchange,

– heat transmission through fluid media, and 

– thermal mixture loss in indoor spaces due to different 

types of indoor terminal devices.

the beneficiaries of the project outcomes and delivera-

bles will be designers and industrial manufacturers, such 

as manufacturers of chillers, radiant and supply air ter-

minals. the outcomes will contribute to the further im-

provement of new HVAC terminal devices.

objectives

the main project objectives are to:

– establish a methodology for analysing HVAC systems 

from the perspective of reducing mixture and transfer 

losses,

– propose novel designs for indoor terminals and novel 

flow paths for outdoor air handling equipment, and

– develop high temperature cooling and low temperature 

heating systems in buildings with fully utilized heat and 

cold sources, high efficiency transportation and appro-

priate indoor terminals.

deliverables 

– A guide book on a new analysis method for HVAC systems

– novel designs for indoor terminals in high temperature 

cooling and low temperature heating systems

– novel flow paths for outdoor air handling equipment 

and their application in high temperature cooling and 

low temperature heating systems

– A design guide for high temperature cooling and low 

temperature heating systems with applications

– Real-time test results for high temperature cooling and 

low temperature heating systems in typical office build-

ings under different climatic conditions

Progress 

During 2012 the following activities took place:

– a new parameter, ‘entransy’ - defined as heat transfer 

ability - was introduced and several examples of the 

application of entransy analysis in HVAC systems were 

examined, including heat exchangers, heat exchangers 

in series, indoor cooling processes and heat storage,

– experimental and modelling studies were carried out 

for assessing the thermal performance of various ra-

diative and convective terminals,

– experimental tests were conducted on the performance 

of desiccant systems with various desiccants,

– dehumidification methods were compared, and

– the ‘Bayer Diegem’ building in Belgium and ‘Xi’an Air-

port t3 terminal’ in China were chosen as case studies 

for real-time testing.

meetings

the 1st project meeting was held in Aalborg, Denmark, on 

30th April and 1st May, 2012.

the 2nd project meeting was held in Zhuhai, China, on 

1st–2nd november, 2012.

 
Project duration 

2012 – 2015

Operating Agent

Yi Jiang, Tsinghua University, P.R. China

Participating countries (provisional)

Belgium, P.R. China, Denmark, Finland, Italy, Japan, USA

Further information

www.iea-ebc.org

Ongoing Projects

high temperature Cooling &  
Low temperature heating in Buildings

annex 59
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to reduce the energy use of buildings and communities, 

many industrialised countries have imposed stringent re-

quirements for new developments. In most cases, evalu-

ation and labelling of the energy performance of buildings 

are carried out at the design phase. Several studies have 

showed, however, that the actual performance after con-

struction may deviate significantly from this theoretically 

designed performance. As a result, there is a growing in-

terest in full scale testing of components and whole build-

ings to characterise their actual thermal performance 

and energy efficiency. this full scale testing approach 

is not only of interest to study building (component) per-

formance under actual conditions, but is also a valuable 

and necessary tool to deduce simplified models for ad-

vanced components and systems to integrate them into 

building energy simulation models. the same is true to 

identify suitable models to describe the thermal dynamics 

of whole buildings including their energy systems. Char-

acterising the dynamic behaviour of buildings is an essen-

tial and very valuable input, for example when optimising 

energy grids for building and communities.

It is clear that quantifying the actual performance of build-

ings, verifying calculation models and integrating new ad-

vanced energy solutions for nearly zero or positive energy 

buildings can only be effectively realised by in situ testing 

and dynamic data analysis. But, practice shows that the out-

come of many on site activities can be questioned in terms 

of accuracy and reliability. Full scale testing requires quality 

during all stages of research, starting with the test environ-

ment, such as test cells or real buildings, accuracy of sen-

sors and correct installation, data acquisition software, and 

so on. It is crucial that the experimental setup (for example 

test layout or imposed boundary conditions for testing) is 

correctly designed, and produces reliable data. these out-

puts can then be used in dynamic data analysis based on 

advanced statistical methods to provide a characteristic 

with reliable accuracy intervals and final use of the results. 

As soon as the required quality is not achieved at one of the 

stages, the results become inconclusive or useless.

the project is developing the necessary knowledge, tools 

and networks to achieve reliable in situ dynamic testing 

and data analysis methods that can be used to charac-

terise the actual energy performance of building compo-

nents and whole buildings.

objectives

– Develop common quality procedures for dynamic full 

scale testing to realise better performance analysis

– Develop models to characterize and predict the effec-

tive thermal performances of building components and 

whole buildings

Expected outcomes

– A report on the state of the art of full scale testing and 

dynamic data analysis, including a survey of existing full 

scale test facilities for the benefit of the building indus-

try, engineers and consultants

– Guidance on how to perform reliable full scale dynamic 

testing, intended for the building industry and building 

research community

– A description of the methodology to perform dynamic 

data analysis and performance characterisation, in-

tended for the building research and associated com-

munities

– A summary report (white paper) on full scale dynamic 

testing and data analysis to characterise building en-

ergy performance, intended for the building research 

and associated communities 

– A few, well-documented dynamic data sets that can be 

used for developing dynamic data analysis procedures 

and for validation purposes, aimed at software develop-

ers and the building research community

– A synthesis report, demonstrating the applications of 

the developed framework, intended for building design-

ers and industry, government and other authorities

Ongoing Projects

Reliable Building Energy Performance  
Characterisation Based on full scale dynamic  

measurement

annex 58
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Progress

the following activities took place in 2012:

– the survey of full scale test facilities was almost com-

pleted.

– A scale model of a building (a round robin test box) was 

built and was moved around the world for in situ char-

acterisation under different climatic conditions.

– A first concept was developed for a decision tree to 

guide and optimise full scale testing.

– Common exercises on dynamic data analysis and per-

formance characterisation were run.

– A close collaboration with Dynastee (www.dynastee.

info) was set up to ensure a long lasting network of ex-

cellence on full scale testing and dynamic data analysis.

meetings

In 2012, two experts meetings took place in:

Bilbao, Spain, in April 2012

Leeds, uK, in September 2012.

Project duration 

2011 – 2015

Operating Agent

Staf Roels, University of Leuven, Belgium

Participating countries

Austria, Belgium, P.R. China, Czech Republic, Denmark, 
Finland, France, Germany, Italy, Japan, The Netherlands, 
Norway, Poland, Spain, United Kingdom, USA

Further information

www.iea-ebc.org

Round robin test box used for in situ characterisation 
under different climatic conditions.
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the total energy used by a building during its whole life 

cycle includes both embodied and operational energy. 

Embodied energy is ‘embedded’ in construction materi-

als during all production processes, on site construction, 

renovation and demolition and final disposal, while op-

erational energy is used for supplying services within a 

building.

the accuracy of operational energy use and related car-

bon dioxide (CO2) emissions prediction methodologies has 

been improved in recent years, resulting in more energy 

efficient building designs. As operational energy use is 

so reduced, the embodied energy and CO2 emissions be-

come proportionally more significant.

the project is investigating methods for evaluating em-

bodied energy and CO2 emissions of buildings, to develop 

guidelines to further practitioners’ understanding. the 

intention is to assist them to find better design and con-

struction solutions for buildings with less embodied en-

ergy and CO2 emissions.

objectives

– Collect existing research results concerning embodied 

energy and CO2 emissions due to building construction, 

and summarize these results within a state of the art 

report.

– Develop guidelines for methods for evaluating the em-

bodied energy and CO2 emissions due to building con-

struction.

– Develop guidelines for measures to design and con-

struct buildings with less embodied energy and CO2 

emissions.

deliverables

– A state of the art overview of methods for evaluating 

the embodied energy and CO2 emissions due to building 

construction.

– A database and benchmarks for intensities of embodied 

energy and CO2 emissions 

– Guidelines for evaluation methods for embodied energy 

and CO2 emissions for building construction.

– Guidelines for design and construction methods for 

buildings with low embodied energy and CO2 emissions.

Progress

During 2012, the following work was undertaken:

– Definitions of key concepts and technical terms related 

to embodied energy and CO2 emissions during building 

construction were refined.

– Review of methodologies used in existing calculation 

tools for embodied energy and CO2 assessment and da-

tabases.

– Energy use in supply chains relating to building materi-

als was clarified to differentiate between the charac-

teristics of databases based on ISO standards (on which 

life cycle assessment procedures rely) and input-output 

(IO) analysis. 

– Since the quantity of materials used in buildings is im-

portant, the dominant materials have been expressed 

as benchmarks and the weight of buildings in the par-

ticipating countries has been reported.

– Embodied energy and CO2 emissions under various 

building design conditions were approximately estimat-

ed to find out the principal factors, before starting more 

detailed and more extensive evaluations. Prolongation 

of building life was found to be an effective measure to 

reduce embodied energy and CO2 emissions, although 

the quantity of materials in the building structure would 

need to increase to a certain extent.

– It was agreed to create a user friendly database of vari-

ous building materials aggregated into construction el-

ements to permit more straightforward design.

Ongoing Projects

Evaluation of Embodied Energy & Co2 Emissions 
for Building  Construction

annex 57
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meetings

– the 2nd expert meeting took place in Porto, Portugal in 

June 2012

– the 3rd expert meeting took place in Cambridge, uK in 

October 2012

Project duration 

2011 – 2015

Operating Agent

Tatsuo Oka, Utsunomiya University, Japan

Participating countries

Australia, Austria, China, Czech Republic, Denmark, Finland, 
Germany, Japan, Republic of Korea, The Netherlands, Norway, 
Portugal, Sweden, UK, Brazil (Observer)

Further information

www.iea-ebc.org

EBC Newsletter June 2013, Issue 57 13

The 'embodied' energy and carbon dioxide (CO2) of 

construction products are defined as the fossil fuel 

energy use and the related CO2 emissions respectively, 

arising during the entire process of:

–  extracting and processing of raw materials, 

–  manufacture, and 

–  transportation. 

Because building operational energy use is now being 

reduced in many industrialised countries, embodied 

energy (and similarly embodied CO2) is becoming in-

creasingly significant. Particularly for 'low carbon' 

building design, the embodied CO2 may constitute a 

large proportion of the whole life emissions encom-

passing the construction, operation and demolition 

phases. Further to this, fractions of embodied ener-

gy are already generally higher in developing than in 

industrialised countries, where they often exceed the 

building operational energy.

At present, a generally accepted methodology is la-

cking for calculating embodied energy and CO2 for 

building construction. For this reason, the new inter-

national EBC project, 'Annex 57: Evaluation of Embo-

died Energy and Carbon Dioxide Emissions for Buil-

ding Construction' has been initiated. The project was 

launched in 2012 and for benefit of building designers 

is now developing: 

–  evaluation methods for embodied energy and CO2 

emissions, and

–  design and construction methods for buildings 

with low embodied energy and CO2 emissions.

To date, efforts have been made to approximately 

evaluate embodied energy and CO2 using information 

from existing databases. 

Embodied Energy & CO2
New Project: Annex 57

Fossil fuel use needed to make construction 
products and deliver them to site is rapidly 
gaining attention. Embodied energy is 
material, explains 
Prof tatsuo oka.

the corresponding fractions of embodied co2 due 
to building construction and public works were 
estimated using an input-output analysis. embodied 
co2 was 19.2% of the total, while the operation of 
buildings was 23.2%. 
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In recent years, various standards and regulations for en-

ergy consumption in buildings have emerged that specify 

greatly improved levels of energy efficiency in comparison 

with earlier requirements. However, these mainly focus 

on new buildings and do not respond effectively to the nu-

merous technical, functional and economic constraints 

of the existing stock. It is common that requirements for 

existing buildings, which are generally targeted at en-

ergy efficiency measures, result in expensive processes 

and complex procedures, seldom accepted by occupants, 

owners or developers. these procedures can be simpli-

fied if onsite generation of renewable energy is consid-

ered during the renovation process, potentially reducing 

the amount of work needed for energy efficiency meas-

ures.

Effectively, within the overall objective of slowing down 

climate change by reducing carbon dioxide (CO2) emis-

sions, renewable energy supply measures can sometimes 

be at least as cost effective as energy efficiency meas-

ures, if not more so. therefore, in existing buildings, the 

most cost-effective renovation solution is often a combi-

nation of energy efficiency and renewable energy supply 

measures. So, it is important to investigate where the bal-

ance point lies between these two types of measures from 

a cost-benefit perspective. 

this involves determining how the best performance (in 

terms of less energy consumption, less CO2 emissions 

and other benefits) would be achieved with the least effort 

(in terms of financial investment, depth and duration of 

interventions and disturbance of occupants). therefore, a 

new methodology for energy and carbon emissions opti-

mized building renovation is being developed to be used 

by interested private entities helping them in their reno-

vation decisions, as well as by governmental agencies for 

the definition of regulations and their implementation.  

the outcomes are intended to serve as a basis for future 

standards.

objectives

the project objectives are to:

– define a methodology for establishing cost optimized 

targets for energy consumption and CO2 emissions in 

building renovation,

– clarify the relationship between CO2 emissions and en-

ergy targets and their eventual hierarchy,

– determine cost effective combinations of energy effi-

ciency and renewable energy supply measures,

– highlight additional benefits achieved in the renovation 

process,

– develop tools to support decision makers in accordance 

with the developed methodology,

– select exemplary case studies to encourage decision 

makers to promote efficient and cost effective renova-

tions.

Ongoing Projects

Cost Effective Energy & Carbon dioxide Emissions  
optimization in Building Renovation

annex 56
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deliverables

the following project deliverables are planned:

– the report, ‘Methodology for Cost Efficient Energy and 

Carbon Emissions Optimized Building Renovation’,

– the report, ‘Integration of Embodied Energy and LCIA 

into the Assessment of Renovation Measures’,

– the report, ‘Added Values of Building Renovation: Inte-

gration into Assessment and Promotion of Renovation 

Measures’,

– supporting tools for decision makers,

– the ‘Shining Examples’ brochure,

– the report, ‘Detailed Case Studies’, and

– the ‘Renovation Guidebook’, including a summary for 

policy makers.

Progress

During 2012, the following main activities were carried 

out:

– First results were produced to demonstrate the viability 

of the developed methodology, based on different pack-

ages of energy renovation measures. 

– Data were collected about typical buildings and renova-

tion measures in the participating countries.

– Development of the ‚Shining Examples‘ brochure was 

progressed, with the objective of demonstrating build-

ing renovation examples to motivate and inspire a gen-

eral, non-technical audience. 

meetings

– the 2nd meeting of the working phase took place in 

Venice, Italy in April 2012

– the 3rd meeting for the working phase took place in 

Oslo, norway in September 2012

Project duration 

2010 – 2015

Operating Agent

Manuela Almeida, University of Minho, Portugal

Participating countries

Austria, P.R.China, Czech Republic, Denmark, Finland,  
Italy, The Netherlands, Norway, Portugal, Spain, Switzerland, 
Sweden

Further information

www.iea-ebc.org

Achieving nearly zero energy consumption by applying efficiency measures and renewable technologies.

Reduction in energy consumption by applying  
efficiency measures only

Reduction in energy consumption by applying efficiency 
measures and installing renewable technologies

Reduction in energy consumption by installing  
additional renewable technologies

Reduction in energy consumption to achieve nearly  
zero level
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nowadays building energy use and durability issues 

are some of the most important topics in industrialised 

countries. Even though considerable progress has been 

achieved concerning new buildings (low energy, passive 

houses, zero energy, and so on) and advanced building 

services, the buildings sector still generally accounts 

for the largest share of energy-related carbon dioxide 

(CO2) emissions. While in many industrialised countries, 

new buildings are constructed every year corresponding 

to approximately 1% of the existing building stock, often 

more than 50% of the building stock dates from before the 

first energy crisis in the 1970s. Hence, a large potential 

for energy savings and consequently a large reduction of 

CO2 emissions is presently available in the existing build-

ing stock.

Retrofit measures are therefore of the utmost importance 

for upgrading the building stock. But, many building own-

ers are only interested in the initial capital cost. Looking 

at actual risks in performance and the costs incurred 

highlights the need for life cycle thinking. Applicable cal-

culation methods are therefore required in this area. For 

this purpose, probability assessment in life cycle costing 

of solutions supports sound decision making relating to 

investments. For industry, customer relationships are 

based on future expectations and confidence: these will 

be supported by proper probability assessments.

Ongoing Projects

Reliability of Energy Efficient Building Retrofitting – 
Probability Assessment of Performance & Cost

annex 55

A project common exercise on economic assessment using the Swedish ‘cold attic’ model.  
Participants are determining the most cost effective renovation measure for a neighbourhood  
of 237 dwellings.
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the project is improving methods and tools for integrated 

evaluation and optimization of retrofitting measures, in-

cluding energy efficiency, life cycle cost and durability. It 

will demonstrate to decision makers, designers and prac-

ticioners the benefits of the renewal of the existing build-

ing stock and how to make reliable solutions.

objectives

the scope of the project is to develop and provide decision 

support data and tools for energy retrofitting measures. 

the tools are being based on probabilistic methodologies 

for prediction of energy use, life cycle cost and functional 

performance. the objectives are to:

– develop and validate probabilistic methods and tools for 

energy use, lifecycle cost and functional performance, 

and

– apply and demonstrate probabilistic methodologies on 

real life case studies, and 

– create guidelines for practitioners, including assess-

ment of common retrofitting techniques.

deliverables

the deliverables from the project will be:

– a methodology for probability based assessment of en-

ergy retrofitting measures,

– analyses of case studies to show how to apply prob-

ability analyses to enhance energy savings, secure per-

formance and apply cost analyses,  and

– a report and electronic database for stochastic inputs, 

validation data, and guidelines for practitioners.

Progress

During 2012 the following activities took place:

– Stochastic data were collected and methodologies to 

analyse and present the data were established.

– the reporting phase started.

– Various probabilistic methods were investigated for 

performance evaluation. A common task on probabilis-

tic assessment of life cycle cost for attic retrofitting was 

completed.

– the framework for the risk assessment of retrofitting 

measures was evaluated and established.

– A survey to list frequently used retrofitting building 

technologies was carried out, along with associated 

benefits and risks in the participating countries.

meetings

In 2012, two experts meetings took place: 

Vienna, Austria, in April 2012 

Leuven, Belgium, in October 2012

Project duration 

2010 – 2014

Operating Agent

Carl-Eric Hagentoft, Chalmers University of Technology, 
Sweden

Participating countries

Austria, Belgium, Canada, Denmark, Finland, Germany,  
The Netherlands,  Portugal, Sweden, UK, USA

Observers

Brazil, Slovakia, Estonia

Further information

www.iea-ebc.org
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Micro-generation consists of technologies for providing 

energy using small scale systems of up to around ten kilo-

watts, typically with photovoltaic systems or micro-wind 

turbines. the combined production of heat and power 

(CHP) in a single small scale process is called micro-

cogeneration (µCHP). this can be extended to a micro-

trigeneration system, if cooling power is also produced.

Activities within this project encompass multi-source 

micro-cogeneration systems and renewable hybrid sys-

tems, including energy storage and demand side manage-

ment technologies at a local level. Customised and opti-

mum control strategies for integrated systems are being 

investigated, serving single and multiple residences along 

with small commercial premises. In addition, the effects 

of micro-generation on power distribution systems are 

being analysed.

Research Areas

– Development of technical models for different micro-

generation technologies as cogenerators with combus-

tion engines, fuel cells or Stirling engines, photovoltaic 

systems, thermal and electrical storage and balance of 

plant components. the models are being validated us-

ing data from laboratory and field measurements. 

– Simulations are being used to develop an extensive li-

brary of performance assessment studies covering 

different combinations of technology types, perform-

ance in different countries and with different end users. 

Simulation work initially concentrated on improving and 

optimising the performance of basic, but realistic mi-

cro-generation systems. Subsequent work is featuring 

a wider range of system components, system functions 

and end users.

– Dissemination strategies for the mass deployment of 

micro-generation-related technologies are being inves-

tigated. this activity is being informed by a regulatory 

and market review, along with data emerging from tech-

nical analyses and performance assessment studies.

Expected outcomes

– Component and system models implemented in build-

ing simulation tools, such as tRnSYS or ESPr

– Review of best practice in the operation and control of 

integrated micro-generation systems and control al-

gorithms to maximize the performance and value of 

micro-generation

– Performance assessment methodologies

– Country specific studies on the technical, economic and 

environmental performance of micro-generation sys-

tems and the potential benefits for electrical distribu-

tion networks in particular 

Progress

the following activities took place in 2012:

– the existing models were extended to simulate com-

plete micro-generation systems. this was done based 

on a collection of measured laboratory and field data.

– national performance assessment studies of micro 

generation technologies were progressed.

– Country specific data such as standards, regulations, 

energy-related and economic parameters were col-

lected and analysed.

Ongoing Projects

integration of micro-generation & Related Energy 
technologies in Buildings

annex 54
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the 3-E analysis process covering energy, environment and economics.

meetings 

– the 5th expert meeting was held in Ottawa, Canada in 

April 2012

– the 6th expert meeting was held in tokyo, Japan in Oc-

tober 2012

Project duration 

2007 – 2013

Operating Agents

Evgueniy Entchev, Natural Resources Canada, Canada and Pe-
ter Tzscheutschler, Technische Universität München, Germany 

Participating countries

Belgium, Canada, Denmark, Finland, Germany, Italy, Japan, 
Republic of Korea, The Netherlands, UK, USA

Further information 

www.iea-ebc.org 

ghg  
Emissions

Building / user Requirements

microgeneration system
(simulation model)

Conversion / distribution

Heating Cooling Electricity

Primary Energy

Costs
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One of the most significant barriers for achieving a sub-

stantial improvement of building energy efficiency is a 

lack of knowledge about the factors determining energy 

use. In fact, there is often a significant discrepancy be-

tween designed and real total energy use in buildings. 

the reasons for these discrepancies are generally poorly 

understood, and often have more to do with the role of hu-

man behaviour than the building design. In fact, building 

energy use is mainly influenced by six factors:

– Climate

– Building envelope

– Building services and energy systems

– Building operation and maintenance

– Occupants’ activities and behaviour 

– Indoor environmental quality

In general, much current research focuses mainly on the 

first three factors (climate, building envelope, building 

services and energy systems). However, the latter three 

factors related to human behaviour can have an influence 

at least as significant as the three former ones. Detailed 

comparative analysis of building energy data, concerning 

the six factors mentioned above, would provide essential 

guidance in identifying energy saving potentials and op-

portunities.

the project is working to improve understanding of how 

the six factors combine to influence building energy use, 

with particular emphasis placed on occupant behaviour. It 

also aims to improve the treatment of these factors within 

the building energy field, and to more closely relate this to 

the real world. Hence, the intention is to have a better un-

derstanding of how to robustly predict total energy use in 

buildings, so enabling the improved assessment of energy 

saving measures, policies and techniques. 

Research Areas

Five distinct areas of research have been established:

– Definitions and energy reporting

– Case studies and data collection

– Statistical analysis

– Energy performance evaluation

– Occupant behaviour analysis

deliverables

– Models for predicting total building energy use (statisti-

cal and analytical methods)

– Reports of building case studies, measurement meth-

ods and total energy use data

Progress

– Reporting was progressed on terminology, indicators 

and influencing factors for energy use. 

– Definitions were developed for energy boundaries, 

building energy use terms and conversion factors.

– Definitions were developed of the influencing factors 

and energy performance indicators at three levels of 

complexity for residential and office buildings, with two 

case studies used to expound the definitions.

– Case studies were selected for the project.

– Case study material for four building types was collated 

for use in simulations. 

– A literature review was completed and a state of the art 

review prepared for inclusion in the final report.

Ongoing Projects

total Energy use in Buildings – Analysis  and  
Evaluation methods

annex 53
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meetings

5th project meeting, held in Rotterdam, the netherlands 

in April 2012

6th project meeting, held in Yokohama, Japan in October 

2012

Project duration 

2008 – 2013

Operating Agent

Hiroshi Yoshino, Tohoku University, Japan

Participating countries

Austria, Belgium, Canada, P.R. China, Denmark, Finland, 
France, Germany, Italy, Japan, The Netherlands, Norway, 
Portugal, Spain, USA

Further information

www.iea-ebc.org

Analysed single family residential case study 
building from Japan.

Analysed multi-dwelling residential case study 
building from Austria.
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Several industrialised countries have recently adopted a 

vision of so called ‘net zero energy buildings’ as long-term 

goals of their energy policies. However, what is missing 

is a clear definition and international agreement on the 

measures of building performance that could inform ‘zero 

energy’ building policies, programmes and industry adop-

tion around the world.

the objective of the project is to study current net zero, 

near net zero and very low energy buildings and to de-

velop a common understanding, a harmonized interna-

tional definitions framework, tools, innovative solutions 

and industry guidelines. A primary means of achieving 

this objective is to document and propose practical net 

zero energy building (nZEB) demonstration projects, with 

convincing architectural quality. these exemplars, sup-

ported by a sourcebook, guidelines and tools, are viewed 

as essential for industry adoption.

the project aims to cost effectively equalize the small 

annual energy needs of such buildings through building 

integrated heating and cooling systems, power genera-

tion and interactions with utilities. It is learning from re-

cent industry experiences with net zero and low energy 

solar buildings and the most recent developments in 

whole building integrated design and operation. this joint 

international research and demonstration activity is ad-

dressing concerns of comparability of performance cal-

culations between building types and communities for dif-

ferent climates. the goal is to produce solution sets that 

are attractive for broad industry adoption.

the scope includes major building types (residential and 

non-residential), new and existing buildings in various cli-

matic zones represented by the participating countries. 

the work is linked to national activities and is focusing on 

individual buildings, clusters of buildings and neighbour-

hoods. It is based on analysis of existing examples, which 

leads to the development of innovative solutions to be in-

corporated into national demonstration buildings.

objectives

– establish an internationally agreed understanding of 

nZEBs, based on a common methodology,

– identify and refine design approaches and tools to sup-

port industry adoption,

– develop and test innovative, whole building net zero 

solution sets for cold, moderate and hot climates with 

exemplary architecture and technologies that would be 

the basis for demonstration projects and international 

collaboration, and

– support knowledge transfer and market adoption of 

nZEBs at a national and international level.

Ongoing Projects

towards Net Zero Energy solar Buildings

annex 52

the nZEB Map has been established, which presents net zero-energy and energy-plus buildings from around the world.
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Progress

– Development continued on the nZEB Definition Evalua-

tion tool (Excel based).

– A study was carried out of power grid interactions, time 

dependent energy mismatch and exergy balance.

– Development continued on Volumes 2 and 3 of the 

Source Book on net zero energy buildings.

– the nZEB Map was completed (www.enob.info/en/net-

zero-energy-buildings/map). this presents and pro-

vides links for sample projects of net zero energy and 

energy plus buildings from around the world along with 

basic supporting data.

meetings

7th experts group meeting was held in naples, Italy on 

8th –11th May, 2012

8th experts group meeting was held in Barcelona, Spain 

on 1st –3rd October, 2012

Project duration 

2008 – 2013

Operating Agent

Josef Ayoub, CanmetENERGY,  Natural Resources Canada, 
Canada

Participating countries

Australia, Austria, Belgium, Canada, Denmark, Finland, 
France, Germany, Italy, Republic of Korea, New Zealand, Nor-
way, Portugal, Singapore, Spain, Sweden, Switzerland, United 
Kingdom, USA

Further information

www.iea-ebc.org  
www.iea-shc.org 

Solar Siedlung Vauban Freiburg, Germany.
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Energy planning for community level systems is of in-

creasing political importance in a number of industrial-

ised countries. Consequently, ambitious targets for the 

reduction of energy-related carbon dioxide (CO2) emis-

sions are often set by municipal administrations, but with 

only a limited understanding of the means necessary to 

achieve them. Often the appropriate technology exists, 

but difficulties in deploying it are caused by insufficient 

know how for strategic planning, management ability 

during the implementation process, or availability of tools 

and instruments for decision making, planning and moni-

toring.

this project is providing practical guidance for urban 

planners, decision makers and stakeholders on how to 

achieve ambitious energy and CO2 reduction targets at lo-

cal and urban scales. It is addressing small units, such as 

neighbourhoods or quarters, as well as whole towns or 

cities. the project is generating the necessary knowledge 

and means to be able to define reasonable goals in terms 

of energy efficiency, energy conservation and CO2 abate-

ment at the community level.

Ongoing Projects

Energy Efficient Communities: Case studies & strategic 
guidance for urban decision makers

annex 51

Community energy systems need to meet demands from multiple 
building types. 

While current methods and tools useful for local energy 

planning form part of the case study evaluations, which 

are of interest to both urban and energy system planners, 

the primary audiences addressed by this project are lo-

cal decision makers and stakeholders. Hence, the legal 

frameworks and different approaches found within the 

participating countries are being considered according 

to their comparative suitability to enable innovative ap-

proaches for successful urban energy policies.

Research Areas

– Existing organisational models, implementation instru-

ments and planning tools for local administrations and 

developers are being assessed in a ‘state of the art’  

review.

– Case studies on energy planning and implementation 

strategies for neighbourhoods, quarters and munici-

pal areas. this involves both refurbishment of existing 

building stock and planning and development for new 

‘green’ settlements.

– Case studies on the preparation of integrated energy 

and CO2 abatement concepts for towns or cities and 

corresponding implementation strategies.

– Instruments for a successful community energy policy. 

this includes the preparation of a guidebook to suc-

cessful urban energy planning, a community energy 

concept adviser and dissemination activities.

deliverables 

– the ‘Guidebook to Successful urban Energy Planning’ 

is aimed at decision makers in urban administrations, 

developers and urban planners. the document is based 

on the findings of the state of the art review, an evalua-

tion of the case studies, and is presented such in a way 

that users will be able to apply the guidebook directly to 

their own work.
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– the ‘District Energy Concept Adviser’ is an electronic 

tool to support municipal administrations and urban 

planners faced with the task of developing and compar-

ing different alternatives for integrated energy systems 

for neighbourhoods, either for new developments or for 

retrofit projects. 

Progress

During 2012 the following project activities took place:

– the evaluations of case studies on energy planning and 

implementation strategies for neighbourhoods, quar-

ters and municipal areas were finished;

– development work on the District Energy Concept Ad-

viser was completed; 

– work on the ‘Guidebook to Successful urban Energy 

Planning’ was progressed; 

– ‘Description of the state-of-the-art of energy efficient 

projects on the scale of neighbourhoods’ was pub-

lished, presenting international case studies for energy 

efficient communities;

– the ‘Case Study – Energy Efficient City Ludwigsburg’ 

was published. the aim of this study was to show how 

energy efficiency can be achieved at a municipal level 

and how it can be implemented into the political deci-

sion making process by similarly structured adminis-

trations;

– a website for the project was created providing informa-

tion on the project objectives, participants and periodic 

newsletters. 

Aerial view of the neighbourhood covered by the Karlsruhe-Rintheim 
Case Study.

meetings

During 2012 two project meetings took place:

7th meeting, held April 2012, in Sophia Antipolis, France

8th meeting, held October 2012, in Salzburg, Austria

Project duration 

2007 – 2013

Operating Agent

Reinhard Jank, Volkswohnung GmbH, Germany

Participating Countries

Austria, Canada, Denmark, Finland, France, Germany, Japan,  
The Netherlands, Sweden, Switzerland, USA, Brazil (Observer)

Further information

www.iea-ebc.org

Rebuilding and renovation of facilities in a commercial / residential block as an integrated community energy system. 
Source: tokyo Gas Company 

office building PV systems Apartment buildingApartment building

waste heat for hot water supply

Cogeneration

heat interchange pipes and private
power lines within the block

total land space: 9,000 m2 total
floor space: 49,000 m2

gas engine (200–700 kw)
+ waste heat driven absorption chiller
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the primary objective of the EBC information centre, ‘Air 

Infiltration and Ventilation Centre (AIVC)’, is to be the in-

ternational centre on research and development in the 

fields of air infiltration and ventilation. thus, the specific 

objective is to provide a high quality international techni-

cal and information forum covering the areas of ventila-

tion and air infiltration in the built environment with re-

spect to efficient energy use, good indoor air quality and 

thermal comfort. the mission of AIVC is to be the refer-

ence portal for information on ventilation in buildings to 

improve the wellbeing of people through development and 

dissemination of ventilation knowledge.

Since the beginning of 2011, the AIVC has been operat-

ing with a new approach, which is approved for the period 

through to 2013. A key ambition of the new AIVC is to con-

vene integrated and combined activities (called ‘projects’), 

resulting in different information tools, for example we-

binars, workshops, position papers, technical papers, 

and so on. these are supported by a review process and 

result in an increased information dissemination impact. 

the projects identified are:

– Development and applications of air leakage databases

– Philosophy and approaches for airtightness require-

ments

– How tight and insulated ducts should be

– testing, reporting and quality schemes for building air-

tightness

– Durability of building airtightness

– Improving the quality of residential ventilation systems

– Ventilative cooling – use of natural or mechanical venti-

lation strategies to cool indoor spaces

– Ventilation and health

For projects and events in relation to airtightness and 

ventilative cooling, AIVC is joining forces with the two 

information platforms tightVent Europe and venticool. 

tightVent is focusing on airtightness of buildings and 

ductwork and was launched in January 2011. Venticool is 

focusing on ventilative cooling and was launched in Sep-

tember 2012. tightVent Europe’s and venticool’s main 

goals are to:

– raise awareness of airtightness and ventilative cooling 

issues, which are relevant concerns for a wide range of 

buildings and may even be critical in nearly zero energy 

buildings; 

– provide appropriate support tools and knowledge 

transfer to ease market transformation. 

In 2012, the 33rd AIVC Annual Conference has once again 

provided an opportunity for over 160 researchers and 

practitioners from around the world to exchange ideas 

and to present their latest findings. the theme for the 

conference was ‘Optimising Ventilative Cooling and Air-

tightness for [nearly] Zero-Energy Buildings, Indoor Air 

Quality (IAQ) and Comfort’. the very positive evaluation 

of the event by participants – 72% rated the conference 

as meeting their expectations very well or extremely  

well – shows the quality of the programme and organiza-

tion. 

Given the converging interests of AIVC, tightVent Europe 

and venticool, the AIVC Board and the Steering Commit-

tees of both platforms have agreed to collaborate among 

other things on:

– the organization of the 2013 conference, which will 

be held in Athens on the theme of ‘Energy conserva-

tion technologies for mitigation and adaptation in the 

built environment: the role of ventilation strategies and 

smart materials’

– the joint management of five of the projects mentioned 

above.

Ongoing Projects

Air infiltration & Ventilation Centre AiVC

annex 5
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NEw PRoduCts 

technical Notes

technical note 66: ‘Building air leakage databases in en-

ergy conservation policies: analysis of selected initiatives 

in 4 European countries and the uSA’

technical note 67: ‘Building airtightness: a critical review 

of testing, reporting and quality schemes in 10 countries’

AiVC Conference Proceedings

33rd  Annual Conference, ‘Optimising Ventilative Cooling 

and Airtightness for [nearly] Zero-Energy Buildings, IAQ 

and Comfort’, held on 10th–11th October 2012, Copenha-

gen, Denmark.

Contributed reports

Contributed report 14: ‘Methods and techniques for air-

tight buildings’

Contributed report 15: ‘Development and evaluation of a 

new test method for portable air cleaners’

AiVC Newsletter

July 2012

wEBiNARs

– ‘the need for structured air leakage databases in en-

ergy conservation in buildings policies’, held 25th May 

2012.

– ‘Demand-Controlled Ventilation in the European con-

text: approaches in 4 countries and at Eu level’, held 

26th november 2012. this attracted around 150 partici-

pants.

Project duration 

1979 – present

Operating Agent

Peter Wouters, INIVE eeig, Belgium

Participating countries

Belgium, Czech Republic, Denmark, France, Germany, Greece, 
Italy, Japan, Republic of Korea, The Netherlands, New Zea-
land, Norway, Portugal, Sweden, USA

Further information and reports 

www.iea-ebc.org
www.aivc.org
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EBC & the iEA

thE iNtERNAtioNAL ENERgy AgENCy

the International Energy Agency (IEA) was 

established in 1974 within the framework of 

the Organisation for Economic Cooperation 

and Development (OECD) to implement an 

international energy programme. A basic 

aim of the IEA is to foster cooperation among 

the twenty eight IEA member countries and 

to increase energy security through energy 

conservation, development of alternative 

energy sources and energy research, de-

velopment and demonstration (RD&D). the 

current framework for international energy 

technology RD&D cooperation was approved 

by the IEA’s Governing Board in 2003. More 

information about the energy technology 

RD&D framework can be found at:  

www.iea.org/textbase/techno 

this framework provides uncomplicated, 

common rules for participation in research 

programmes, known as ‘Implementing 

Agreements’, and simplifies international 

cooperation between national entities, 

business and industry. Implementing 

Agreements are legal agreements between 

countries that wish to pursue a common 

programme of research in a particular area. 

In fact, there are now over 40 such pro-

grammes. there are numerous advantages 

to international energy technology RD&D 

collaboration through the IEA Implementing 

Agreements, including:

– Reduced cost and avoiding duplication of 

work

– Greater project scale

– Information sharing and networking

– Linking IEA member countries and non-

member countries

– Linking research, industry and policy

– Accelerated development and deployment

– Harmonised technical standards

– Strengthened national RD&D capabilities

– Intellectual property rights protection

ABout EBC

Approximately one third of primary energy 

is consumed in non-industrial buildings 

such as dwellings, offices, hospitals, and 

schools where it is utilised for the heating 

and cooling, lighting and operation of appli-

ances. In terms of the total energy end-use, 

this consumption is comparable to that used 

in the entire transport sector. Hence the 

building sector represents a major contri-

bution to fossil fuel use and related carbon 

dioxide emissions. Following uncertainties 

in energy supply and concern over the risk 

of global warming, many countries have now 

introduced target values for reduced energy 

use in buildings. Overall, these are aimed at 

reducing energy consumption by between 5% 

and 30%. to achieve such a target, interna-

tional cooperation, in which research activi-

ties and knowledge can be shared, is seen as 

an essential activity.

In recognition of the significance of energy 

use in buildings, in 1977 the International 

Energy Agency has established an Imple-

menting Agreement on Energy in Buildings 

and Communities (EBC-formerly known as 

ECBCS). the function of EBC is to undertake 

research and provide an international focus 

for building energy efficiency. tasks are 

undertaken through a series of ‘Annexes’, so 

called because they are legally established 

as annexes to the EBC Implementing Agree-

ment. these Annexes are directed at energy 

saving technologies and activities that 

support technology application in practice. 

Results are also used in the formulation of 

international and national energy conserva-

tion policies and standards.

oBjECtiVEs ANd stRAtEgy

the objectives of the collaborative work con-

ducted by the Energy in Buildings and Com-

munities (EBC) Implementing Agreement are 

derived from the major trends in construc-

tion and energy markets, energy research 

policies in the participating countries and 

from the general objectives of the Interna-

tional Energy Agency (IEA). the principal 

objective of the EBC is to facilitate and accel-

erate the introduction of new and improved 

energy conservation and environmentally 

sustainable technologies into buildings and 

community systems. Specific objectives of 

the EBC programme are to:

– Support the development of generic energy 

conservation technologies within interna-

tional collaboration;

– Support technology transfer to industry 

and to other end users by the dissemina-

tion of information through demonstration 

projects and case studies; 

– Contribute to the development of de-

sign methods, test methods, measuring 

techniques, and evaluation / assessment 

methods encouraging their use for stand-

ardisation;

– Ensure acceptable indoor air quality 

through energy efficient ventilation tech-

niques and strategies; 

– Develop the basic knowledge of the inter-

actions between buildings and the environ-

ment as well as the development of design 

and analysis methodologies to account for 

such interactions.

the research and development activities 

cover both new and existing buildings, and 

residential, public and commercial buildings. 

the main research drivers for the pro-

gramme are:

– the environmental impacts of fossil fuels;

– Business process to meet energy and envi-

ronmental targets;

– Building technologies to reduce energy 

consumption;

– Reduction of greenhouse gas emissions;

– the ‘whole building’ performance ap-

proach;

– Sustainability;
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– the impact of energy reduction measures 

on indoor health, comfort and usability;

– the exploitation of innovation and informa-

tion technology

– Integrating changes in lifestyle, work and 

business environments.

missioN stAtEmENt

the mission of the IEA Energy in Buildings 

and Communities Programme is as follows: 

‘to facilitate and accelerate the introduction 

of energy conservation and environmen-

tally sustainable technologies into healthy 

buildings and community systems, through 

innovation and research in decision making, 

building assemblies and systems, and com-

mercialisation’

NAtuRE of EBC ACtiVitiEs

a. Formal coordination through shared 

tasks: this represents the primary approach 

of developing the work of EBC. the majority 

of Annexes are task-shared and involve a 

responsibility from each country to commit 

manpower.

b. Formal coordination through cost 

shared activities: EBC currently supports 

one cost shared project, Annex 5, the Air 

Infiltration and Ventilation Centre (AIVC). In 

recent times, Annex 5 has subcontracted 

its information dissemination activities to 

the Operating Agent, by means of a partial 

subsidy of costs and the right to exploit the 

Annex’s past products.

c. Informal coordination or initiation of 

activities by participants: Many organizations 

and groups take part in the activities of EBC 

including government bodies, universities, 

nonprofit making research institutes and 

industry.

d. Information exchange: Information about 

associated activities is exchanged through 

the EBC and through individual projects.

the EBC website (www.iea-ebc.org), for ex-

ample, provides links to associated research 

organizations. Participants in each project 

are frequently associated with non IEA 

activities and can thus ensure a good cross-

fertilization of knowledge about independent 

activities. Information exchange addition-

ally takes place through regular technical 

presentation sessions and ‘Future Buildings 

Forum’ workshops. Information on inde-

pendent activities is also exchanged through 

the EBC newsletter, which, for example, 

carries regular reports of energy policy 

development and research activities taking 

place in various countries.

EBC PARtiCiPAtiNg CouNtRiEs

Australia

Austria

Belgium

Canada

P.R. China

Czech Republic

Denmark

Finland

France

Germany

Greece

Italy

Ireland

Japan

Republic of Korea

new Zealand

the netherlands

norway

Poland

Portugal

Spain

Sweden

Switzerland

turkey

united Kingdom

united States of America

CooRdiNAtioN with othER BodiEs

In order to achieve high efficiency in the R&D 

programme and to eliminate duplication 

of work it is important to collaborate with 

other IEA buildings-related Implementing 

Agreements. the coordination of strategic 

plans is a starting point to identify common 

R&D topics. Other actions are exchange of 

information, joint meetings and joint projects 

in areas of common interest. It is a duty of 

the Chairs of the respective Executive Com-

mittees to keep the others informed about 

their activities and to seek areas of common 

interest.

CoLLABoRAtioN with iEA BuiLdiNg-
RELAtEd imPLEmENtiNg AgREEmENts

the EBC Programme continues to coordinate 

its research activities, including Annexes 

and strategic planning, with all IEA Building-

Related Implementing Agreements through 

collaborative projects and through the BCG 

(Buildings Coordination Group), constituted 

by the IEA Energy End use Working Party 

(EuWP) Vice Chair for Buildings and the 

Executive Committee Chairs of the following 

IEA research programmes:

– District Heating And Cooling (DHC)

– Demand Side Management (DSM)

– Energy in Buildings and Communities 

(EBC)

– Energy Conservation through Energy Stor-

age (ECES)

– Heat Pumping technologies (HPt)

– Photovoltaic Power Systems (PVPS)

– Solar Heating and Cooling (SHC)

– Energy Efficient Electrical Equipment (4E)

Beyond the BCG meetings, EBC meets with 

representatives of all building-related IA’s at 

Future Buildings Forum (FBF) think tanks 

and Workshops. the outcome from each 

Future Buildings Forum think tank is used 

strategically by the various IEA buildings 

related Implementing Agreements to help in 

the development of their work programmes 

over the subsequent five year period.
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Proposals for new research projects are 

discussed in coordination with these other 

programmes to pool expertise and to avoid 

duplication of research. Coordination with 

SHC is particularly strong.

CoLLABoRAtioN with thE iEA soLAR 
hEAtiNg ANd CooLiNg PRogRAmmE

While there are several IEA programmes 

that are related to the buildings sector, the 

EBC and the Solar Heating and Cooling pro-

grammes focus primarily on buildings and 

communities. Synergies between these two 

programmes occur because one programme 

seeks to cost-effectively reduce energy de-

mand while the other seeks to meet a large 

portion of this demand by solar energy. the 

combined effect results in buildings that re-

quire less purchased energy, thereby saving 

money and conventional energy resources, 

and reducing CO2 emissions. the areas of 

responsibility of the two programmes have 

been reviewed and agreed. EBC has primary 

responsibility for efficient use of energy in 

buildings and community systems. Solar 

designs and solar technologies to supply 

energy to buildings remain the primary 

responsibility of the SHC Programme.  

the Executive Committees coordinate the 

work done by the two programmes. these 

Executive Committees meet together 

approximately every two years. At these 

meetings matters of common interest are 

discussed, including planned new tasks, 

programme effectiveness and opportunities 

for greater success via coordination. the 

programmes agreed to a formal procedure 

for coordination of their work activities. un-

der this agreement during the initial planning 

for each new Annex / task initiated by either 

programme, the other Executive Committee 

is invited to determine the degree of coordi-

nation, if any. this coordination may range 

from information exchange, inputting to the 

draft Annex / task Work Plan, participating 

in Annex / task meetings to joint research 

collaboration.

the mission statements of the two pro-

grammes are compatible in that both seek to 

reduce the purchased energy for buildings; 

one by making buildings more energy ef-

ficient and the other by using solar designs 

and technologies. Specifically, the missions 

of the two programmes are:

– EBC programme – to facilitate and acceler-

ate the introduction of energy conservation 

and environmentally sustainable technolo-

gies into healthy buildings and community 

systems, through innovation and research 

in decision making, building assemblies 

and systems, and commercialization.

– SHC programme – to facilitate an environ-

mentally sustainable future through the 

greater use of solar designs and technolo-

gies.

the two programmes structure their work 

around a series of objectives. Four objectives 

are essentially the same for both pro-

grammes. these are:

– technology development via international 

collaboration;

– Information dissemination to target audi-

ences;

– Enhancing building standards;

– Interaction with developing countries.

the other objectives differ. the EBC pro-

gramme addresses life cycle environmental 

accounting of buildings and their constituent 

materials and components, as well as indoor 

air quality, while the SHC Programme ad-

dresses market impacts, and environmental 

benefits of solar designs and technologies. 

Both Executive Committees understand that 

they are addressing complementary aspects 

of the buildings sector and are committed 

to continue their coordinated approach to 

reducing the use of purchased energy in 

buildings sector markets.

NoN-iEA ACtiVitiEs

A further way in which ideas are progressed 

and duplication is avoided is through coop-

eration with other building related activities. 

Formal and informal links are maintained 

with other international bodies, including:

– the International Council for Research and 

Innovation in Building and Construction 

(CIB),

– the European Commission (EC),

– the International Standards Organization 

(ISO), and

– the American Society of Heating, Refrig-

eration and Air Conditioning Engineers 

(ASHRAE).
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Air infiltration & Ventilation Centre (AiVC) - 
Annex 5

database

AIRBASE – bibliographical database, con-

taining over 17,000 records on air infiltration, 

ventilation and related areas, Web based, 

updated every 3 months

technical Notes

– tn 67 Building airtightness: a critical 

review of testing, reporting and quality 

schemes in 10 countries, 2012

– tn 66 Building air leakage databases in 

energy conservation policies: analysis of 

selected initiatives in 4 European countries 

and the uSA, 2012

Ventilation information Papers

– VIP 34 needs and methods for ductwork 

cleaning in France, 2010

– VIP 33 CO2 as indicator for the indoor air 

quality – General principles, 2010

– VIP 32 Hybrid Ventilation, 2010

AiVC Conference Proceedings

– 2010 Korea – Seoul, Low Energy and Sus-

tainable Ventilation technologies for Green 

Buildings, 

– 2011 Belgium – Brussels, towards Optimal 

Airtightness Performance

– 2012 Denmark – Copenhagen, Optimising 

Ventilative Cooling and Airtightness for 

(nearly) Zero-Energy Buildings, IAQ and 

Comfort

integrating Environmentally Responsive 
Elements in Buildings - Annex 44

– Project Summary Report, Per Heiselberg, 

2012

– Designing with Responsive Building 

Elements, Ad van der Aa, Per Heiselberg, 

Marco Perino, 2011

Energy-Efficient future Electric Lighting 
for Buildings - Annex 45

– Project Summary Report, Liisa Halonen, 

Eino tetri, and Pramod Bhusal, 2012

– Guidebook on Energy Efficient Electric 

Lighting for Buildings, Liisa Halonen, Eino 

tetri & Pramod Bhusal (editors), 2010

– Guidebook on Energy Efficient Electric 

Lighting for Buildings – Extended Sum-

mary, Liisa Halonen, Eino tetri & Pramod 

Bhusal (editors), 2010

holistic Assessment tool-kit on Energy 
Efficient Retrofit measures for government 
Buildings (EnERgo) - Annex 46

– EnERGo It-toolkit, 2011

– Best Practice Guidelines for using En-

ergy Performance Contracts to Improve 

Government Buildings, John Shonder, Ed 

Morofsky, Fritz Schmidt, Ove Morck, Mervi 

Himanen, 2010

Cost Effective Commissioning of Existing 
and Low Energy Buildings - Annex 47

– Commissioning Overview,  Edited by Chloé 

Legris, natascha Milesi Ferretti and Daniel 

Choinière, 2010

– Flow Charts and Data Models for Initial 

Commissioning of Advanced and Low 

Energy Building Systems, Edited by Ömer 

Akin, natascha Milesi Ferretti, Daniel 

Choiniere and David Claridge, 2010

– Commissioning tools for Existing and Low 

energy Buildings, Edited by Christian neu-

mann, Harunori Yoshida, Daniel Choinière 

and natascha Milesi Ferretti, 2010

– Commissioning Cost-Benefit and Persist-

ence of Savings, Edited by Hannah Fried-

man, David Claridge, Daniel Choinière and 

natascha Milesi Ferretti , 2010

heat Pumping and Reversible Air  
Conditioning - Annex 48

– Analysis of Building Heating and Cooling 

Demands in the Purpose of Assessing the 

Reversibility and Heat Recovery Potentials, 

Edited by Pascal Stabat, Philippe Andre, 

Stéphane Bertagnolio, Marcello Caciolo, 

Pierre Yves Franck, Corinne Rogiest, Lau-

rent Sarrade, 2011

– Analysis of Building Heating and Cooling 

Demands in the Purpose of Assessing the 

Reversibility and Heat Recovery Potentials: 

Annexes, Edited by Pascal Stabat, 2011

– Review of Heat Recovery and Heat Pumping 

Solutions, Edited by Stéphane Bertagnolio, 

Pascal Stabat, Marcello Caciolo, David 

Corgier, 2011

– Simulation tools: Reference Book, Edited 

by Stéphane Bertagnolio, Samuel Gende-

bien, Benjamin Soccal, Pascal Stabat, 2011

– Design Handbook for Reversible Heat 

Pump Systems with and without Heat 

Recovery, Edited by Wolfram Stephan, Arno 

Dentel, thomas Dippel, Madjid Madjidi, 

Jörg Schmid, Bing Gu, Philippe Andre, 2011

– Overview of Cases Studies and Demonstra-

tions of Heat Pump Systems for tertiary 

Buildings, Edited by Marco Masoero, Chiara 

Silvi, Jacopo tonolio, 2011

Low Exergy systems for high Performance 
Buildings and Communities - Annex 49

– Exergy Assessment Guidebook for the Built 

Environment, Summary Report, 2011 

– Detailed Exergy Assessment Guidebook for 

the Built Environment, Guidebook, 2011 

Prefabricated systems for Low Energy 
Renovation of Residential Buildings -  
Annex 50

– Project Summary Report, Mark Zimmer-

mann, 2012

– Retrofit Strategies Design Guide, Peter 

Schwehr, Robert Fischer, Sonja Geier, 2011

– Retrofit Module Design Guide, René L. 

Kobler, Armin Binz, Gregor Steinke, Karl 

Höfler, Sonja Geier, Johann Aschauer, 

Stéphane Cousin, Paul Delouche, François 

Radelet, Bertrand Ruot, Laurent Reynier, 

Pierre Gobin, thierry Duforestel, Gérard 

Senior, Xavier Boulanger, Pedro Silva, 

Manuela Almeida, 2011

– Building Renovation Case Studies, Reto Mi-

loni, nadja Grischott, Mark Zimmermann, 

Chiel Boonstra, Sonja Geier, Karl Höfler, 

David Venus, 2011

towards Net Zero Energy solar Buildings - 
Annex 52

net Zero Energy Buildings: International 

Projects of Carbon neutrality in Buildings, 

Karsten Voss and Eike Musall, Detail, Ger-

many, 2011

Recent Publications
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EBC operating Agents

Air infiltration & Ventilation Centre (AiVC) - 
Annex 5

Dr Peter Wouters

InIVE EEIG

Belgium

info@aivc.org

Energy Efficient Communities - Annex 51

Reinhard Jank, 

Volkswohnung GmbH

Germany

reinhard.jank@Volkswohnung.com

towards Net Zero Energy solar Buildings 
(NZEBs) - Annex 52 

Josef Ayoub 

CanmetEnERGY Research Centre 

Canada

netZeroBuildings@nrcan.gc.ca

total Energy use in Buildings:  
Analysis & Evaluation methods - Annex 53

Prof Hiroshi Yoshino

tohoku university

Japan

yoshino@sabine.pln.archi.tohoku.ac.jp

integration of microgeneration & other En-
ergy technologies in Buildings - Annex 54

Dr Evgueniy Entchev

CanmetEnERGY Research Centre 

Canada

eentchev@nrcan.gc.ca

Reliability of Energy Efficient Building 
Retrofitting – Probability Assessment of 
Performance & Cost - Annex 55

Dr Carl-Eric Hagentoft

Chalmers university of technology  

Sweden

carl-eric.hagentoft@chalmers.se

Cost Effective Energy & Carbon Emissions 
optimization in Building Renovation -  
Annex 56

Dr Manuela Almeida 

university of Minho

Portugal

malmeida@civil.uminho.pt

Evaluation of Embodied Energy & Co2 
Emissions for Building Construction -  
Annex 57

Prof tatsuo Oka

utsunomiya university

Japan

okatatsuo@e-mail.jp

Reliable Building Energy Performance 
Characterisation Based on full scale  
dynamic measurements - Annex 58

Prof Staf Roels

university of Leuven

Belgium

staf.roels@bwk.kuleuven.be

high temperature Cooling & Low tempera-
ture heating in Buildings - Annex 59

Prof Yi Jiang

tsinghua university

P.R. China

jiangyi@tsinghua.edu.cn

New generation Computational tools for 
Building and Community Energy systems 
Based on the modelica and functional 
mockup interface standards - Annex 60

Michael Wetter

Lawrence Berkeley national Laboratory

uSA

mwetter@lbl.gov

Christoph van treeck

RWtH Aachen university

Germany

treeck@e3d.rwth-aachen.de

development and demonstration of  
financial and technical Concepts for deep 
Energy Retrofits of government / Public 
Buildings and Building Clusters - Annex 61

Dr Alexander M. Zhivov

uS Army Engineer Research and Development

uSA

Alexander.M.Zhivov@erdc.usace.army.mil

Rüdiger Lohse 

KEA-Climate protection and energy agency 

of Baden-Württemberg GmbH

Germany 

ruediger.lohse@kea-bw.de

Ventilative Cooling - Annex 62

Per Heiselberg

Aalborg university

Denmark
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Past Projects

Annex 1  Load Energy Determination ofBuildings

Annex 2  Ekistics and Advanced Community Energy Systems

Annex 3  Energy Conservation in Residential Buildings

Annex 4  Glasgow Commercial Building Monitoring

Annex 6  Energy Systems and Design of Communities

Annex 7  Local Government Energy Planning

Annex 8  Inhabitants Behaviour with Regard to Ventilation

Annex 9  Minimum Ventilation Rates

Annex 10  Building HVAC System Simulation

Annex 11  Energy Auditing

Annex 12  Windows and Fenestration

Annex 13  Energy Management in Hospitals

Annex 14  Condensation and Energy

Annex 15  Energy Efficiency in Schools

Annex 16  BEMS 1-user Interfaces and System Integration

Annex 17  BEMS 2-Evaluation and Emulation techniques

Annex 18  Demand Controlled Ventilation Systems

Annex 19  Low Slope Roof Systems

Annex 20  Air Flow Patterns within Buildings

Annex 21  thermal Modelling

Annex 22  Energy Efficient Communities

Annex 23  Multi Zone Air Flow Modelling (COMIS)

Annex 24  Heat, Air and Moisture transfer in Envelopes

Annex 25  Real time HEVAC Simulation

Annex 26  Energy Efficient Ventilation of Large Enclosures

Annex 27  Evaluation and Demonstration of 

 Domestic Ventilation Systems

Annex 28  Low Energy Cooling Systems

Annex 29  Daylight in Buildings

Annex 30  Bringing Simulation to Application

Annex 31  Energy-Related Environmental Impact of Buildings

Annex 32  Integral Building Envelope Performance Assessment

Annex 33  Advanced Local Energy Planning

Annex 34  Computer-Aided Evaluation of HVAC System Perform-

ance

Annex 35  Design of Energy Efficient Hybrid Ventilation (HYBVEnt)

Annex 36  Retrofitting of Educational Buildings

Annex 37  Low Exergy Systems for Heating and Cooling of Build-

ings (LowEx)

Annex 38  Solar Sustainable Housing

Annex 39  High Performance Insulation Systems

Annex 40  Building Commissioning to Improve Energy Perform-

ance

Annex 41  Whole Building Heat, Air and Moisture Response 

(MOISt-EnG)

Annex 42  the Simulation of Building-Integrated Fuel Cell and 

Other Cogeneration Systems  

(FC+COGEn-SIM)

Annex 43  testing and Validation of Building Energy Simulation 

tools

Annex 44  Integrating Environmentally Responsive Elements in 

Buildings

Annex 45  Energy Efficient Electric Lighting for Buildings

Annex 46  Holistic Assessment tool-kit on Energy Efficient Retrofit 

Measures for Government Buildings (EnERGo)

Annex 47  Cost-Effective Commissioning for Existing and Low 

Energy Buildings

Annex 48  Heat Pumping and Reversible Air Conditioning

Annex 49  Low Exergy Systems for High Performance Buildings 

and Communities

Annex 50  Prefabricated Systems for Low Energy Renovation of 

Residential Buildings
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