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IEA & SHC Programme 
____________________________________
 
 
 
INTERNATIONAL ENERGY AGENCY 
 
The International Energy Agency (IEA) is an autonomous agency established in 1974. The 
IEA carries out a comprehensive programme of energy co-operation among 28 advanced 
economies, each of which is obliged to hold oil stocks equivalent to 90 days of its net 
imports. The aims of the IEA are to:  

• Secure member countries’ access to reliable and ample 
supplies of all forms of energy; in particular, through 
maintaining effective emergency response capabilities in 
case of oil supply disruptions. 

• Promote sustainable energy policies that spur economic 
growth and environmental protection in a global context – 
particularly in terms of reducing greenhouse-gas emissions 
that contribute to climate change. 

• Improve transparency of international markets through 
collection and analysis of energy data.  

• Support global collaboration on energy technology to secure 
future energy supplies and mitigate their environmental 
impact, including through improved energy efficiency and 
development and deployment of low-carbon technologies. 

• Find solutions to global energy challenges through 
engagement and dialogue with non-member countries, 
industry, international organisations and other stakeholders. 

To attain these goals, increased co-operation between industries, 
businesses and government energy technology research is 
indispensable. The public and private sectors must work together, 
share burdens and resources, while at the same time multiplying 
results and outcomes.  
The multilateral technology initiatives (Implementing Agreements) 
supported by the IEA are a flexible and effective framework for IEA 
member and non-member countries, businesses, industries, 
international organizations and non-government organizations to 
research breakthrough technologies, to fill existing research gaps, to 
build pilot plants, to carry out deployment or demonstration 
programmes – in short to encourage technology-related activities 
that support energy security, economic growth and environmental protection. 
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More than 6,000 specialists carry out a vast body of research through these various 
initiatives. To date, more than 1,000 projects have been completed. There are currently 41 
Implementing Agreements (IA) working in the areas of:  

• Cross-Cutting Activities (information exchange, modelling, technology transfer)  
• End-Use (buildings, electricity, industry, transport)  
• Fossil Fuels (greenhouse-gas mitigation, supply, transformation)  
• Fusion Power (international experiments)  
• Renewable Energies and Hydrogen (technologies and deployment)  

The IAs are at the core of a network of senior experts consisting of the Committee on 
Energy Research and Technology (CERT), four working parties and three expert groups. A 
key role of the CERT is to provide leadership by guiding the IAs to shape work programmes 
that address current energy issues productively, by regularly reviewing their 
accomplishments, and suggesting reinforced efforts where needed. For further information 
on the IEA, the CERT and the IAs, please consult www.iea.org.  
 
 
SOLAR HEATING AND COOLING PROGRAMME 
 
The Implementing Agreement for a Programme to Develop and Test Solar Heating and 
Cooling Systems (referred to as the Solar Heating and Cooling Programme or SHC 
Programme) was established in 1977 as one of the first Implementing Agreements in the 
IEA.  The SHC Programme’s work is unique in that it is accomplished through the 
international collaborative effort of experts from Member countries and the European 
Commission.  The benefits of such an approach are numerous, namely, it accelerates the 
pace of technology development, promotes standardization, enhances national R&D 
programmes, permits national specialization, and saves time and money. 
 
 
 
 
 
 
 
 
 
 
 
This mission assumes a whole building approach to the application of solar technologies and 
designs.  Based on this mission, the Programme will continue to cooperate with other IEA 
Implementing Agreements as well as the solar industry to expand the solar market.  Through 
international collaborative activities, the Programme will support market expansion by 
providing access to reliable information on solar system performance, design guidelines and 
tools, data, etc. and by developing and integrating advanced solar energy technologies and 
design strategies for the built environment and for agricultural and industrial process heat 
applications.  
 
To fulfill this mission, the Programme will direct its results to the design community, the solar 
manufacturers, and the energy supply and service industries that serve the end-users and 
building owners.   
 
Our Objectives 
 
The SHC Executive Committee has agreed upon the following objectives and associated 
strategies to fulfill its mission.  

SHC Mission 
 
To advance international collaborative efforts for solar energy and 
provide significant added value to national R,D & D, and policy and 
program initiatives related to the built environment and for 
agricultural and industrial process heat to reach the goal set in the 
vision of contributing up to 50% of the low temperature heating 
and cooling demand by 2030. 
 
 

http://www.iea.org


SHC Objective 1  
To be the primary source of high quality technical information and analysis on solar 
heating and cooling technologies, designs and applications. 
 
Strategies 

 Assure that technical information and analysis developed in this Agreement is 
available and disseminated to the target audiences in useful formats. 

 Working through relevant international standards organizations, support the 
development and harmonization of standards necessary for the widespread use of 
solar designs and technologies in the building, agricultural and industrial sectors. 

 
SHC Objective 2 
To contribute to a significant increase in the performance of solar heating and cooling 
technologies and designs. 
 
Strategies 

 Increase user acceptance of solar designs and technologies. 
 Continue to develop cost-effective designs and technologies in collaboration with 

appropriate intermediary industries. 
 Identify and prioritize R&D needs for solar heating and cooling that will lead to 

expanded markets 
 
SHC Objective 3 
To enhance cooperation with industry and government on increasing the market 
share of solar heating and cooling technologies and designs. 
 
Strategies 

 Work with appropriate intermediary industries and end users to accelerate the 
market penetration of solar designs and technologies.  

 Work with governments to promote and expand favorable policies to increase the 
market share. 

 Work towards or support the greater use of solar designs and technologies in 
developing countries. 

 Work to address issues regarding building design, aesthetics and architectural value. 
 
SHC Objective 4  
To increase the awareness and understanding on the potential and value of solar 
heating and cooling systems by providing information to decision makers and the 
public.  
 
Strategies 

 Communicate the value of solar heating and cooling designs and technologies in 
publications, conferences, workshops and seminars to the public and relevant 
stakeholders.  

 Provide analysis that links solar heating and cooling designs and technologies to 
energy security concerns, environmental and economic goals. 

 Quantify and publicize the environmental, economic and climate change benefits of 
solar heating and cooling and supporting policy measures solar design and 
technologies in meeting environmental targets and  addressing policies and energy, 
supply security. 

 Review our products in relation to our objectives – Annual Reports, Solar Update 
Newsletters, National Programme Review Reports, “Solar Heating Worldwide: 
Markets and Contributions to the Energy Supply report.”   

 Present the SHC Solar Award annually/bi-annually. Maintain the SHC web site.  
 



The SHC Programme is headed by an Executive Committee composed of one 
representative from each Member country and Sponsor organizations, while the 
management of the individual projects (Tasks) is the responsibility of project managers 
(Operating Agents) who are selected by the Executive Committee. Forty-seven Tasks have 
been initiated since the beginning of the Programme.  
 
The Programme’s work is augmented through collaboration with other IEA Programmes, 
such as the Energy Conservation in Buildings and Community Systems Programme, the 
Photovoltaic Power Systems Programme, and the SolarPACES Programme, as well as solar 
trade associations in Europe, North America, and Australia. 
 



 

 
 

 
 
Chairman’s Report 
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Werner Weiss 
AEE INTEC, Austria 

 
 
2011 was once again a successful year for the Solar Heating and Cooling Programme even 
if the market in some regions was challenging for the industry. In this environment it is 
especially important to increase our efforts in informing policy and decision makers about the 
possibilities of solar thermal as well as the achievements of our Implementing Agreement.  
 
2011 marked the first year of the SHC Information Center.  The main goal of this Center is to 
increase the awareness of the potential of solar heating and cooling.  It will achieve this 
through focused information on our Task results, general up-to-date information on solar 
heating and cooling, and information on worldwide trends in the solar heating and cooling 
industry. 
 
Another new activity that started in 2011 is our annual 
scientific and policy conference on solar heating and 
cooling.  These conferences will be organized in close 
cooperation with solar trade organizations. The 1st 
International Conference on Solar Heating and Cooling 
for Buildings and Industry was held on July 9 – 11, 2012 in San Francisco, California.  The 
Executive Committee is happy to organize this conference in cooperation with Intersolar 
North America and the California Solar Energy Industries Association CALSEIA.  
 
At the SHC 2012 conference, the prestigious SHC Solar Award was presented to Dr. Fred 
Morse. For further information on the conference please visit http://www.shc2012.org. 
 
SOLAR THERMAL OUTLOOK  
 
The SHC Programme publishes the only annual global statistics report, Solar Heat 
Worldwide: Markets and Contribution to the Energy Supply. The 2012 edition reports that in 
2010, solar thermal technologies produced 183,173 GWh – which relates to an oil equivalent 
of over 27.9 million tons and annual avoidance of 85.5 million tons of CO2 emissions. New 
installations grew 13.7 % compared to 2009 again with China as a main market driver and 
absolute leader in terms of cumulated area installed and followed by Turkey, the United 
States, Germany and Australia. 
 

http://www.shc2012.org


 
Total capacity of newly installed glazed and unglazed water collectors  

in the 10 leading countries in 2010 
 
 
Key findings: 

 Cumulated capacity in 2010 in operation was 221.1 GWth (315.8 million square 
meters): 
-  198.3 GWth flat-plate and evacuated tube collectors 
-   21.5 GWth unglazed plastic collectors 
-   1.3 GWth air collectors 

 China and Europe accounted for 94.7% of the world’s market for all new installations.  
 Market penetration of newly installed glazed water collectors (installed capacity per 

1,000 inhabitants) leading countries are: 
- Israel: 30.1 kWth; China: 25.8 kWth; Austria: 23.9 kWth; Cyprus: 22.0 kWth; Turkey: 

14.9 kWth  
 2011 data estimate total capacity in operation is 270 GWth 

 
One major trend shows that solar thermal systems reached the Megawatt-scale in several 
applications. The world’s biggest solar thermal plant with a capacity of 25 MWth (36,000 m² 
collector area) was installed in 2011 in Saudi Arabia. Also a huge 3.900 m² solar cooling 
plant with a cooling capacity of 1.6 MW was installed in Singapore and moreover large-scale 
district heating systems in Canada and especially in Denmark boomed in 2011. In all of 
these large-scale systems, experts of the Solar Heating and Cooling Programme played a 
central and important role and were able to apply the results of the various results of  
ongoing or completed Tasks. 

 
 
 
 
 
 
 
 
 
 
25 MW solar thermal plant at 
the Princess Noura bint 
Abdul Rahman University in 
Riyadh, Saudi Arabia 



SHC ACTIVITIES 
 
Tasks 
 
The SHC Programme continues to push forward on cutting edge topics in solar thermal as 
well as in the field of solar buildings and architecture, all of which support our strategic focus 
on market deployment and R&D.  In 2011 – 
 
Work started in the area of solar cooling: 

 Task 48: Quality Assurance and Support Measures for Solar Cooling (Lead Country: 
France) 

 
The Task builds upon our solar cooling work in Task 25 and Task 38.  Experts will 
collaborate to develop a strong and sustainable market for solar cooling systems.  
The focus is on systems that include any solar thermal cooling technology (no 
limitation on power or solar collector field area) that can be used in a heating mode.   

 
Work will begin on SHIP in 2012: 

 Task 49: Solar Process Heat for Production and Advanced Applications (Lead 
Country: Austria) 
 
The Task builds upon our work in Task 33 and collaboration with the IEA 
SolarPACES Programme.  In this new field of solar thermal applications, international 
collaboration will focus on developing and improving components and systems, 
developing tools for system optimization and installing and monitoring large-scale 
demonstration systems.   

 
Work was proposed in two key areas: 

 Solar Energy and Urban Planning (Task Organizer: Sweden) 
 

This work will focus on helping urban planners and architects achieve urban areas, 
and eventually entire cities, with architecturally integrated solar systems.  It is 
proposed to collaborate with other IEA Programmes, such as the PVPS and ECBCS 
Programmes. 

 
 Advanced Lighting Solutions for Retrofitting Buildings (Task Organizer: Germany) 

 
This work will build upon SHC Tasks 21, 31, 46 and 47 as well as work in the 
ECBCS Programme. 

 
 
Collaboration With Other IEA Programmes & International Organizations 
 
To support our work, the SHC Programme is collaborating with other IEA Programmes and 
solar organizations. 
 
Within the IEA  
IEA Energy Conservation in Buildings and Community Systems Programme is 
collaborating in SHC Task 40: Net Zero Energy Solar Buildings.1 In addition, another  joint 
meeting of the Executive Committees will be held in June 2013 in Italy. 

 
IEA Energy Conservation through Energy Storage Programme is collaborating in SHC 
Task 42: Compact Thermal Energy Storage.   This is the first fully joint Task with Operating 

                                                
1 As outlined in the SHC Policy & Procedures Handbook 



Agents from each Programme. The Executive Committees held a joint meeting in November 
2011 in conjunction with their respective Executive Committee meetings. 
 
 

 
Members of the Solar Heating and Cooling Programme and  

the Energy Conservation through Energy Storage Programme 
 
 
IEA Heat Pump Programme is collaborating in SHC Task 44: Systems Using Solar Thermal 
Energy in Combination with Heat Pumps. 
 
IEA Photovoltaic Power Systems Programme is collaborating in SHC Task 46: Solar 
Resource Assessment and Forecasting. 
 
IEA SolarPACES Programme is collaborating in SHC Task 46: Solar Resource 
Assessment and Forecasting.  
 
Outside the IEA 
Solar Industry Associations in Australia, Europe and North America are collaborating with 
the SHC Programme to increase national and international government agencies and 
policymakers awareness of solar thermal’s potential and to encourage industry to use solar 
thermal R&D results in new products and services. 
 
To support this collaboration, the 6th SHC/Trade Association meeting was held October 19, 
2011 in conjunction with estec 2011 in Marseille, France. The 7th meeting is planned for July 
2012 in conjunction with the SHC 2012 conference in San Francisco, California.  
 
ETP RHC (European Technology Platform on Renewable Heating and Cooling), the 
SHC Programme, represented by Mr. Lex Bosselaar and Mr. Werner Weiss, continues to 
serve on the ESTTP Steering Committee and on the Platform’s board to support the 
Platform’s objectives. 
 
EXECUTIVE COMMITTEE MEETINGS 
 
2011 Meetings 
The Executive Committee held two meetings: 

 June 6-8 in Copenhagen, Denmark 
 November 9-11 in Bad Aibling, Germany 

 



2012 Meetings 
The Executive Committee will hold two meetings: 

 July 12-13 in San Francisco, California, USA  
 November 27-29 in Belgium 

 
A SUCCESSFUL TEAM 
 
Last but not least I want to thank the vice chairmen Markus Kratz and João A. Farinha 
Mendes, all members of the Executive Committee, the Operating Agents of the Tasks as 
well as all experts working in our projects, the secretariat, Pamela Murphy, the webmaster, 
Randy Martin, and our communication manager, Uwe Trenkner. This excellent team 
guaranteed that SHC had another successful year.  
 

 
 
Werner Weiss
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CONTRACTING PARTIES 
 
Australia 
Austria 
Belgium 
Canada 
Denmark 
European Commission 
Finland 
France 
Germany 
Italy 

Mexico 
Netherlands 
Norway 
Portugal 
Singapore 
South Africa 
Spain 
Sweden 
Switzerland 
United States 

 
Participation in the Programme remains strong with 19 Member countries and the 
European Commission actively involved in the Programme’s management and the 
work of the Tasks.   
 
Communication continued with countries invited to join the Programme–Brazil, Chile, 
China, India, Japan, Slovenia, South Korea, and Ukraine.   
 
In 2011, the Executive Committee unanimously voted to invite: 
 

 Luxembourg to join the Agreement as a Contracting Party,  
 Gulf Organization of Research and Development (GORD) of Qatar as a 

Sponsor, and 
 Economic Community of West African States’  Regional Centre for 

Renewable Energy and Energy Efficiency (ECREEE) as a Sponsor. 
 
 
REASONS TO JOIN  
 
The SHC Programme is unique in that it provides an international platform for 
collaborative R&D work in solar thermal.  The benefits for a country to participate in 
this Programme are numerous. 
 

 Accelerates the pace of technology development through the cross 
fertilization of ideas and exchange of approaches and technologies. 

 



 Promotes standardization of terminology, methodology and codes & 
standards. 

 
 Enhances national R&D programs thorough collaborative work. 
 
 Permits national specialization in technology research, development, or 

deployment while maintaining access to information and results from the 
broader project. 

 
 Saves time and money by sharing the expenses and the work among the 

international team.   
 
 
 

HOW TO PARTICIPATE 

Learn More
Visit our website — www.iea-‐shc.org — to stay up to date on our Tasks, to find publications, to
contact Executive Committee members and project managers (Operating Agents).

Become A Member
If your country is not a SHC Member of the Programme, but your government agency or
organization is interested in joining the Progamme, please contact the SHC Secretariat for
information (secretariat@iea-‐shc.org).

If you represent an international industry association or international non-‐profit organization it is
possible to become a Sponsor Member, please contact the SHC Secretariat for information
(secretariat@iea-‐shc.org).

Become An Expert
If your country is a SHC Member of then contact the Operating Agent of the Task you are
interested in joining and contact the Executive Committee member from your country.

http://www.iea-%C2%AD%E2%80%90shc.org
mailto:secretariat@iea-%C2%AD%E2%80%90shc.org
mailto:secretariat@iea-%C2%AD%E2%80%90shc.org


 

 
 

 
 
Task Highlights 
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TASK 36:  SOLAR RESOURCE KNOWLEDGE MANAGEMENT 

This Task ended June 2011.  Work during the year has 
focused on finalizing reports and the publication, Handbook on 
Solar Radiation.  This work area will be continued in the new 
Task 46: Solar Resource Assessment and Forecasting.  
 
This is a collaborative Task with the IEA Photovoltaic Power 
Systems Implementing Agreement and SolarPACES 

Implementing Agreement. 
 
 
TASK 39:  POLYMERIC MATERIALS FOR SOLAR THERMAL APPLICATIONS 

Comparative energy monitoring of pressure-less drain-back 
systems with polymeric collectors and conventional collectors 
were tested at the outdoor facilities of AEE INTEC in Gleis-
dorf, Austria. 
 
 
 

 
 
TASK 40:  TOWARDS NET ZERO ENERGY SOLAR BUILDINGS 

The major highlight of 2011 was the publishing of Volume 1 of 
the NetZEB Sourcebook by a well-known German publisher in 
English as well as a German language edition.  Volume 1 deals 
with the history, theory, and project experiences from all build-
ing types, including projects in North American and European 
countries, taking into account all projects of architectural & con-
ception relevance.  In 2011 about 1400 German copies and an-
other 650 English were sold. 
 
 

This is a collaborative Task with the IEA Energy Conservation in Buildings and  
Community Systems Implementing Agreement. 
 
 
 
 



TASK 41:  SOLAR ENERGY & ARCHITECTURE 
An international survey was conducted on architects’ barriers, 
needs and criteria for tools and methods to support 
architectural design and integration at the early design stage. 
Results show that adequate tools for solar design, for use by 
architects in the early design phase, are still lacking.  The 
report is available online, International Survey about Digital 
Tools Used By Architects for Solar Design. 
 
 

 
TASK 42:  COMPACT THERMAL ENERGY STORAGE 

In 2011, important steps were made in the development of 
measurement procedures used to determine the properties 
of phase change materials (PCM). The Fraunhofer Institute 
for Solar Energy is leading the working group on Testing and 
Characterization and organized the PCM characterization 
work. Knowledge about the characteristics of storage mate-
rials is the basis for a good design of storage systems and 
for thermal simulations.  
 

This is a collaborative Task with the IEA Energy Conservation through Energy Storage Im-
plementing Agreement. 
 
 
TASK 43: ADVANCED SOLAR THERMAL TESTING AND CHARACTERIZATION FOR 
CERTIFICATION OF COLLECTORS AND SYSTEMS 

To confirm the consistency of collector efficiency and durability 
laboratories in Europe and North America are performing tests.  
Identical collectors from two single-lot purchases of both flat plate 
and tubular collectors are being tested by all SRCC accredited 
North American laboratories, and European laboratories are con-
ducting similar identical lot testing.  By testing the same or identical 
collectors according to EN/ISO and SRCC standards, Task Experts 
are able to provide an important check on the reproducibility of 
testing.  

 
 
TASK 44: SOLAR AND HEAT PUMP SYSTEMS 

Conducted a survey to obtain an overview of the sys-
tems on the market in order to find “basic” combinations. 
As a broad variety of configurations from simple parallel 
running to very complicated system designs exist, ex-
perts found four basic configurations to represent most 
of the combinations. The work now is to understand the 
benefits of each and to quantify them in several climate 
and load configurations.  
This is a collaborative Task with the IEA Heat Pump Im-
plementing Agreement.  

 
 
 
 
 

 

Labora-
tory B 

 

Labora-
tory 
C 

 

Labora-
tory A 



TASK 45: LARGE SYSTEMS: LARGE SOLAR HEATING/COOLING SYSTEMS, 
SEASONAL STORAGE, HEAT PUMPS 

Began work on “guidelines for requirements for collector 
loop installation” and drafted procedures for collector field 
performance. 
 
  
 
 
 

 
 
TASK 46: SOLAR RESOURCE ASSESSMENT AND FORECASTING 

The Task focus in 2011 was to finalize planning for the 2012 
work. 
 
This is a collaborative Task with the IEA Photovoltaic Power 
Systems Implementing Agreement and the SolarPACES Imple-
menting Agreement. 
 
 

 
 
TASK 47: SOLAR RENOVATION OF NON-RESIDENTIAL BUILDINGS 

This Task began its work in 2011.  One of the first work ar-
eas was agreement on a set of criteria for the selection of 
47 exemplary renovation projects.  The selection criteria 
are divided by Building Types, Energy, Economics, and 
Market Potential.  A summary of each exemplary building 
will be posted on the Task website. 
  

 
 

TASK 48: QUALITY ASSURANCE AND SUPPORT MEASURES FOR SOLAR COOLING 
This Task began in October 2011 and experts spent the last months 
of the year focused on planning future work.  The first reports will be 
available the end of 2012. 
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Feature Article  
 
Net Zero Energy Buildings: A Consistent Definition
Framework
 
____________________________________ 
 
 
 
 
Igor Sartori of SINTEF Building and Infrastruture, Oslo, Norway; Assunta Napolitano of 
EURAC, Bolzano, Italy, and Karsten Voss of the University of Wuppertal, Germany 
http://www.sciencedirect.com/science/article/pii/S0378778812000497 
 
 
 
Introduction  
 
The topic of Zero Energy Buildings (ZEBs) has received increasing attention in recent years, 
until becoming part of the energy policy in several countries. In the recast of the EU Directive 
on Energy Performance of Buildings (EPBD) it is specified that by the end of 2020 all new 
buildings shall be “nearly zero energy buildings” [1]. For the Building Technologies Program 
of the US Department Of Energy (DOE), the strategic goal is to achieve “marketable zero 
energy homes in 2020 and commercial zero energy buildings in 2025” [2]. However, despite 
the emphasis on the goals the definitions remains in most cases generic and are not yet 
standardised. A more structured definition, even though limited in scope to new residential 
buildings, is the one of ‘zero carbon homes’ in the UK, where there is a political target to 
build all new homes as zero carbon by 2016. The zero carbon definition has undergone a 
lengthy process that started in 2006 and was still subject to revisions in 2011 [3], [4]. 
Otherwise, the term ZEB is used commercially without a clear understanding and countries 
are enacting policies and national targets based on the concept without a clear definition in 
place. Commercial definitions may be partial or biased in their scope, for example including 
only thermal or only electrical needs in the balance, or allowing for energy inefficient 
buildings to achieve the status of ZEB thanks to oversized PV systems, but without applying 
relevant energy saving measures. For these reasons such definitions are not suitable as a 
basis for regulations and national policies.  
 
Relevant work can be found in literature on existing and proposed definitions [5]–[13] and 
survey and comparison of existing case studies [14], [15]. Furthermore, an international 
effort on the subject is ongoing in the International Energy Agency (IEA) joint Solar Heating 
and Cooling (SHC) Task40 and Energy Conservation in Buildings and Community systems 

http://www.sciencedirect.com/science/article/pii/S0378778812000497
http://www.iea-shc.org
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(ECBCS) Annex52 titled “Towards Net Zero Energy Solar Buildings” [16]. It emerges from 
these analyses that little agreement exists on a common definition that is based on scientific 
analysis. There is a conceptual understanding of a ZEB as an energy efficient building able 
to generate electricity, or other energy carriers, from renewable sources in order to 
compensate for its energy demand. Therefore, it is implicit that there is a focus on buildings 
that are connected to an energy infrastructure and not on autonomous buildings. To this 
respect the term Net ZEB can be used to refer to buildings that are connected to the energy 
infrastructure, while the term ZEB is more general and may as well include autonomous 
buildings. The wording ‘Net’ underlines the fact that there is a balance between energy taken 
from and supplied back to the energy grids over a period of time, nominally a year.  
 
As discussed in [15] the Net ZEB approach is one strategy towards climate neutral buildings, 
in addition to others based on energy efficient buildings combined with almost carbon neutral 
grid supply. Net ZEBs are designed to overcome the limitation given by a non 100% ‘green’ 
grid infrastructure. Exploiting local Renewable Energy Sources (RES) on-site and exporting 
surplus energy from on-site generation to utility grids is part of the strategy to increase the 
share of renewable energy within the grids, thereby reducing resource consumption and 
associated carbon emissions. On the other hand, especially for the power grid, wide 
diffusion of distributed generation may give rise to some problems such as power stability 
and quality in today´s grid structures, mainly at local distribution grid level. Development of 
“smart grids” is ongoing to fully benefit from distributed generation with respect to reducing 
the grids primary energy and carbon emission factors, as well as operation costs. Within a 
least-cost planning approach, on-site options have to be compared with measures at the grid 
level, which take advantage of the economy of scale and equalization of local peaks. 
However, it is clear that the mere satisfaction of an annual balance is not in itself a 
guarantee that the building is designed in a way that minimizes its (energy use related) 
environmental impact. In particular, Net ZEBs should be designed – to the extent that is in 
the control of the designers – to work in synergy with the grids and not to put additional 
stress on their functioning. 
 
Considering the interaction between buildings and energy grids also leads to consider that 
every country, or regional area, has different challenges to face with respect to the energy 
infrastructure, on top of different climate and building traditions. Therefore every country has 
the need to adapt the Net ZEB definition to its own specific conditions, e.g. defining the 
primary energy or carbon emission conversion factors for the various energy carriers, 
establishing requirements on energy efficiency or prioritizing certain supply technologies.  
 
What is missing is a formal, comprehensive and consistent framework that considers all the 
relevant aspects characterising Net ZEBs and allow each country to define a consistent (and 
comparable with others) Net ZEB definition in accordance with the country’s political targets 
and specific conditions. The framework described in this paper builds upon concepts found 
literature and further developed in the context of the joint IEA SHC Task 40/ECBCS Annex  
52: Towards Net Zero Energy Solar Buildings [16]. The following Table 1 shows a list of 
nomenclature used in this paper. 
 
 
 
 
 
 
 
 

http://www.iea-shc.org
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Table 1 Nomenclature 
CHP Combined Heat and Power g, G generation, Generation weighted 
COP Coefficient Of Performance gm net monthly Generation, annual 

total 
DHW Domestic Hot Water Gm net monthly Generation weighted 
DSM Demand Side Management i energy carrier 
HVAC Heating, Ventilation and Air 

Conditioning 
l, L load, Load weighted 

Net ZEB(s) Net Zero Energy Building(s) lm net monthly Load, annual total 
RES Renewable Energy Sources Lm net monthly Load weighted 
STD Standard Deviation m month 
d, D  delivered, Delivered weighted max maximum 
e, E exported, Exported weighted min minimum 
fgrid grid interaction index t time interval 
fload load match index w weighting factor 
 
 
Terminology and Net ZEB Balance Concept 
 
The sketch shown in Figure 1 gives an overview of relevant terminology addressing the 
energy use in buildings and the connection between buildings and energy grids.  
 

 
Figure 1.  Sketch of connection between buildings and energy 
grids showing relevant terminology. 
 
Building system boundary 
The boundary at which to compare energy flows flowing in and out the system. It includes: 

• Physical boundary: can encompass a single building or a group of buildings; 
determines whether renewable resources are ‘on-site’ or ‘off-site’.   

• Balance boundary: determines which energy uses (e.g. heating, cooling, ventilation, 
hot water, lighting, appliances) are included in the balance. 

 
Energy grids (or simply ‘grids’) 
The supply system of energy carriers such as electricity, natural gas, thermal networks for 

http://www.iea-shc.org
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district heating/cooling, biomass and other fuels. A grid may be a two-way grid, delivering 
energy to a building and occasionally receiving energy back from it. This is normally the 
case for electricity grid and thermal networks. 
 
Delivered energy 
Energy flowing from the grids to buildings, specified per each energy carrier in [kWh/y] or 
[kWh/m2y]. This is the energy imported by the building. However, it is established praxis in 
many countries to name this quantity ’delivered energy’, see for example [17]. 
 
Exported energy 
Energy flowing from buildings to the grids, specified per each energy carrier in [kWh/y] or 
[kWh/m2y]. 
 
Load 
Building’s energy demand, specified per each energy carrier in [kWh/y] or [kWh/m2y]. The 
load may not coincide with delivered energy due to self-consumption of energy generated 
on-site. 
 
Generation 
Building’s energy generation, specified per each energy carrier in [kWh/y] or [kWh/m2y]. The 
generation may not coincide with exported energy due to self-consumption of energy 
generated on-site. 
 
N.B. Design calculations to convert building energy needs, such as for heating, cooling, 
ventilation, hot water, lighting, appliances, into the demand for certain energy carriers (here 
‘loads’), accounting for system efficiencies and interactions are not covered in this paper; nor 
are calculations to determine on-site generation or possible self-consumption patterns. 
Readers are encouraged to refer to their relevant national methodologies and regulations for 
guidance. 
 
Weighting system 
A weighting system converts the physical units into other metrics, for example accounting for 
the energy used (or emissions released) to extract, generate, and deliver the energy. 
Weighting factors may also reflect political preferences rather than purely scientific or 
engineering considerations.  
 
Weighted demand 
The sum of all delivered energy (or load), obtained summing all energy carriers each 
multiplied by its respective weighting factor. 
  
Weighted supply 
The sum of all exported energy (or generation), obtained summing all energy carriers each 
multiplied by its respective weighting factor. 
  
Net ZEB balance 
A condition that is satisfied when weighted supply meets or exceeds weighted demand over 
a period of time, nominally a year. The net zero energy balance can be determined either 
from the balance between delivered and exported energy or between load and generation. 
The former choice is named import/export balance and the latter load/generation balance. A 
third option is possible, using monthly net values of load and generation and it is named 
monthly net balance. 
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The Net ZEB balance is calculated as in Eq. 1: 
 
Net ZEB balance: | weighted supply |  –  | weighted demand |  ≥  0 Eq. 1 
 
where absolute values are used simply to avoid confusion on whether supply or demand is 
consider as positive. The Net ZEB balance can be represented graphically as in Figure 2, 
plotting the weighted demand on the x-axis and the weighted supply on the y-axis.  
 

 
Figure 2. Graph representing the net ZEB balance concept. 
 
The reference building may represent the performance of a new building built according to 
the minimum requirements of the national building code or the performance of an existing 
building prior to renovation work. Starting from such reference case, the pathway to a Net 
ZEB is given by the balance of two actions:  

1) reduce energy demand (x-axis) by means of energy efficiency measures; 
2) generate electricity as well as thermal energy carriers by means of energy supply 

options to get enough credits (y-axis) to achieve the balance.  
In most circumstances major energy efficiency measures are needed as on-site energy 
generation options are limited, e.g. by suitable surface areas for solar systems, especially in 
high-rise buildings. 
 
Framework for Net ZEB Definitions 
 
The balance of Eq. 1 represents the core concept of a Net ZEB definition. In order to use 
such formula in practice several aspects have to be evaluated and some explicit choice 
made, e.g. the metrics adopted for weighting and comparing the different energy carriers. 
Additionally, other features than the mere balance over a period of time may be desirable in 
characterizing Net ZEBs. These aspects are described and analysed in a series of five 
criteria and sub-criteria, and for each criterion different options are available. Evaluation of 
the criteria and selection of the related options becomes a methodology for elaborating Net 
ZEB definitions in a systematic, comprehensive and consistent way. The Net ZEB definition 
framework is organized in the following criteria and sub-criteria in the paper): 
 
1. Building system boundary 

1.1 Physical boundary 
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1.2 Balance boundary 
1.3 Boundary conditions 

2. Weighting system 
2.1 Metrics 
2.2 Symmetry 
2.3 Time dependent accounting 

3. Net ZEB balance 
3.1 Balancing period 
3.2 Type of balance 
3.3 Energy efficiency 
3.4 Energy supply 

4. Temporal energy match characteristics 
4.1 Load matching 
4.2 Grid interaction  

5. Measurement and verification 
 
 
1. Building System Boundary 
Defining the building system boundary is necessary to identify what energy flows cross the 
boundary. The building system boundary can be seen as a combination of a physical and a 
balance boundary. Only energy flows that cross the system boundary, i.e. both physical and 
balance boundaries, are considered for the Net ZEB balance. This means, for example, that 
if a definition excludes plug-loads from the balance boundary, the electricity used for plug-
loads is not to be counted. With design data this is not a problem. With monitoring data 
though, it represents a complication because the power meter normally does not discern 
between the different power uses. A Net ZEB definition that does not include all operational 
energy services poses a challenge on building performance verification because it requires a 
more sophisticated measurement system, see criterion 5-Measurement and verification.  
 

1.1  Physical boundary 
The physical boundary may be on a single building or on a cluster of buildings. In this 
paper the focus is mainly on single buildings, but the same framework would apply 
equally well to clusters of building. It is important to note though that a cluster of 
buildings implies a synergy between several buildings which are not necessarily Net ZEB 
as singles but as a whole. 
 
The physical boundary is useful to identify so called ‘on-site’ generation systems; so that 
if a system is within the boundary it is considered on-site, otherwise it is ‘off-site’. As 
analysed later in criterion 3.4-Net ZEB balance-Energy supply, off-site supply options 
may or may not be accepted for calculating the balance, or may be given different 
priorities. As an example, one may think of a PV system installed on the parking lot, 
detached from the main building. If the boundary is taken on the building’s physical 
footprint such system would then be regarded as off-site. If the boundary instead is set 
on the building’s property or if the power meter is taken as the physical boundary, then 
the PV system would be on-site.  
 
Furthermore, the physical boundary can be used to address the property issue of RES 
installations. On one hand RES installations or investments not on the building site may 
be accountable in the balance if financed by the building owner/constructor, as in the UK 
zero carbon home definition, see [18], [19] and further discussion on allowable solutions 
in criterion 3.4-Net ZEB balance-Energy supply. On the other hand, a RES installation on 
the building site may not be considered accountable for the building balance if it is 
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property of a third party, e.g. if the roof space has been rented to an investor (utility 
company, ESCO, etc.) who owns the PV system and runs it independently. 
 
It has to be specified which two-way grids are available at the physical boundary. A two-
way grid is a grid that can deliver energy to and also receive energy back from the 
building(s). Without a two-way grid it is not possible to define a Net ZEB. The power grid 
is normally available as two-way grid. Other two-way grids may be local thermal 
networks, such as district heating/cooling networks. Specific conditions are normally 
required by the grid operators in order to accept exported energy, such as on frequency 
and voltage tolerances (power grid) or temperature levels (thermal network). 
 
1.2  Balance boundary 
The balance boundary defines which energy uses are considered for the Net ZEB 
balance. Operational energy uses typically include heating, cooling, ventilation, domestic 
hot water, fixed lighting and plug-loads. National and commercial standards on energy 
performance may consider different combinations of them. Other energy uses may be 
included in the balance, even though they are typically not considered in building energy 
performance codes and standards. This may include treatment of rain water or charging 
of electric vehicles. Electric vehicles are not a building related energy use but charging 
their batteries may be used as a way to optimise the interaction with the grid (see 
criterion 4.2-Temporal energy match characteristics-Grid interaction). 
 
Other energy uses that do not occur in the operational phase, but in the life cycle of a 
building may be considered, such as embodied energy/emissions in materials and 
technical installations. More energy efficient and energy producing buildings are likely to 
deploy more materials (e.g. insulation) and technical installations (e.g. PV system) 
including materials whose manufacturing is energy intensive. Consequently, the 
importance of embodied energy/emissions increases and including it into the balance 
broadens the scope of Net ZEBs as environmental friendly and sustainable buildings. 
Embodied energy/emissions should be annualized for proper accounting in addition to 
operational energy use; this implies making assumption on the life time of the building 
and its components. Likewise, also energy used for erection and demolition of the 
building could be considered, even though their relative importance is generally low and 
it may be justifiable to neglect it [18]. 
 
1.3  Boundary conditions 
A consistent Net ZEB definition should allow a meaningful comparison between similar 
buildings in similar climates, as well as between the expected performance of a building 
from its design data and the measured performance revealed by monitoring data, see 
criterion 5-Measurement and verification. It is important to understand if any deviation 
from expected values is attributable to technical operating or design mistakes, or if it is 
simply due to different conditions of use. For this purpose it is necessary to explicitly 
specify a set of boundary conditions: functionality, space effectiveness, climate and 
comfort. 
 
The functionality describes what type of uses the building is designed for, such as 
residential, office, school or hospital. In case of multi-functional buildings it is necessary 
to specify how the floor area is distributed between the different functions. The space 
effectiveness can be expressed in terms of people/m2 or, consequently, of energy use 
per person. Variations from expected functionality and/or space effectiveness are 
important and should be taken into consideration before comparing the expected 
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performance with the monitored one. For example, higher/lower people density causes 
different energy demand. 
 
The reference climate and the comfort standards used in design also need to be 
specified. Variations from expected outdoor climate and/or indoor comfort conditions are 
important and should be taken into consideration before comparing the expected 
performance with the monitored one. For example, hotter/colder years or different 
temperature settings cause different energy demand. 

 
2. Weighting System 
The weighting system converts the physical units of different energy carriers into a uniform 
metrics, hence allowing the evaluation of the entire energy chain, including the properties of 
natural energy sources, conversion processes, transmission and distribution grids. Choosing 
a common balance metrics also allows taking into account the so-called fuel switching effect, 
e.g. when export of PV electricity during summer compensates for imported biomass or 
fossil fuels in winter. 
 

2.1  Metrics 
In [5] four types of metrics are considered: site energy, source energy, energy cost, and 
carbon emissions related to energy use. Advantages and disadvantages of each choice 
are discussed and it is shown how the choice would affect the required PV installed 
capacity. Other possible metrics are the non-renewable part of primary energy, exergy 
[6], environmental credits and politically/strategically decided factors. The choice of the 
metrics, especially with political factors, will affect the relative value of energy carriers, 
hence favouring the choice of certain carriers over others and influencing the required 
(electricity) generation capacity. For an analysis of the details and the implications for 
design of each choice reference is made to the mentioned literature [5]–[13].  
 
Quantification of proper conversion factors is not an easy task, especially for electricity 
and thermal networks as it depends on several considerations, e.g. the mix of energy 
sources within certain geographical boundaries (international, national, regional or local), 
average or marginal production, present or expected future values and so on. A sample 
of conversion factors for primary energy and carbon equivalent emissions as applied in 
current building design practise is shown in Appendix A – Conversion factors. There are 
no correct conversion factors in absolute terms. Rather, different conversion factors are 
possible, depending on the scope and the assumptions of the analysis. This leads to the 
fact that ‘politically corrected’ weighting factors may be adopted in order to find a 
compromise agreement.  
 
Furthermore, ‘political factors’ (or ‘strategic factors’) may be used in order to include 
considerations not directly connected with the conversion of primary sources into energy 
carriers. Political factors can be used to promote or discourage the adoption of certain 
technologies and energy carriers. For example biomass and biofuels, in case of carbon 
emissions as the metrics, would have a very low conversion factor making it an attractive 
solution. However, availability of biomass is not infinite and it needs to be used also for 
other non-energy purposes such as food production. Hence, even in regions of abundant 
local availability it may be desirable to ‘politically’ increase the conversion factor in order 
to reduce the attractiveness of biomass and favour other solutions, e.g. solar systems.  
 
2.2  Symmetry 
Each two-way energy carrier (e.g., electricity) can be weighted symmetrically, using the 
same weighting factors for both delivered and exported quantities, or asymmetrically, 
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using different factors.  
 
The rationale behind symmetric weighting is that the energy exported to the grids will 
avoid an equivalent generation somewhere else in the grid. Hence the exported energy 
has a substitution value, which is equal to the average weighting factor for that grid. This 
is a valid approach as long as the energy generated on-site does not have any negative 
effect on the balance or if that effect is accounted for somewhere else. First example: 
with on-site cogeneration the negative effect is the increase of purchased fuel because 
of the reduced thermal efficiency. The delivered energy entering the physical boundary is 
increased, therefore accounting for the negative effect and the exported electricity can 
be fully credited for its substitution value. Second example: with on-site PV generation 
the negative effect is the increase in embodied energy. If the balance boundary does 
include embodied energy of the PV system, then the total demand to be balanced off is 
increased, accounting for the negative effect and the exported electricity can be fully 
credited for its substitution value. 
 
Asymmetric weighting may be used to account for the negative effect of on-site 
generation if that is not accounted for somewhere else in the balance. For example, in 
the above case with PV system, if embodied energy is not part of the boundary balance 
then each kWh of exported electricity should not be fully credited because it did cost 
something – in energetic terms – to produce it. Rather than omitting this aspect, it is 
possible to associate a negative value to the kWh generated (in terms of the adopted 
metrics, such as primary energy or emissions) and credit the exported kWh net of it, i.e. 
the substitution value minus the negative effect value. This way it is possible to give 
different weighting factors to different generation technologies generating the same 
carrier, e.g. PV and cogeneration in the same building, hence valuing their different 
properties, possibly in combination with political factors as discussed in criterion 2.1-
Weighting system-Metrics. The drawback is that each system should then be equipped 
with a separate meter, at least in theory. Similarly, also delivered energy may have 
different weighting factors for the same carrier, as for example in the case of a portion of 
purchased electricity being covered by green certificates. 
 
However, the main rationale behind asymmetric weighting is that energy demand and 
supply do not have the same value, hence delivered and exported energy should be 
weighted differently in order to reflect this principle. Two situations are possible: 

a) Delivered energy is weighted higher: 
This takes into account the cost and losses on the grids side associated with 
transportation and storage of exported energy (and in case of electricity also 
possible earthing of feed-in power) as in the German tariff system since 2009, 
see [21]. This option may serve the purpose of reducing exchange with the grids 
– hence promoting self-consumption of on-site generation – in a scenario of 
wide diffusion of energy consuming and producing buildings; 

b) Exported energy is weighted higher: 
This option may serve the purpose of promoting technology diffusion in a 
scenario of early technology adoption, e.g. the early PV feed-in tariffs adopted in 
Germany, Italy, Spain and other countries, where feed-in electricity is paid two 
to three times higher than what delivered electricity is charged for (here the 
asymmetric metrics is the energy cost). 

 
2.3  Time dependent accounting 
Due to the complexity of the energy infrastructure, it is often feasible to estimate the 
weighting factors only as average values for a period of time. This is a static accounting, 
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and it typically applies to primary energy and carbon emission factors. For an overview of 
static (and symmetric) conversion factors used in several countries see Appendix A – 
Conversion factors.  
 
Weighting factors will vary over time and space. Electricity, for example, may be 
evaluated for large regions while district heating/cooling or biomass may be evaluated at 
local scale, according to the actual availability of resources in the area. In any case the 
evaluation of weighting factors should be updated at regular intervals to reflect the 
development of the grids. To this respect it is possible to consider different scenarios on 
the possible evolution of weighting factors, as for example in [22] where the European 
electricity grid is analysed towards 2050. In the evaluation of electricity and district 
heating/cooling weighting factors it is also important to distinguish between average and 
marginal production and specify which choice is made. 
 
It is also possible to evaluate weighting factors on hourly basis, therefore leading to a 
dynamic accounting. As an intermediate option a quasi-static accounting would have 
seasonal/monthly average values and/or daily bands for base/peak load. For energy 
prices it is already quite common to have seasonal or hourly fluctuating prices, while for 
other metrics such as primary energy and carbon emissions this is not the standard 
praxis today but it may become more common in future. Examples of this are given by 
the hourly energy emission factors for electricity generation in the US [23] and the power 
demand tracking in real time of the power grid in Spain [24]. 
 
Dynamic and quasi-static accounting would help, at least in theory, the design of 
buildings that optimise their interaction with the grids. The Time-Dependent Valuation of 
saving [25] is such an example. However, including dynamic accounting in the Net ZEB 
balance would considerably increase the complexity of calculations and the assumptions 
on future time dependent patterns. It is rather preferable, in the authors’ opinion, to 
calculate the Net ZEB balance with static or quasi-static values and then use, in addition, 
dynamic values to address the temporal energy match characteristics, see criterion 4-
Temporal energy match characteristics. 

 
3. Net ZEB Balance 
The balance of Eq. 1 may be calculated in different ways, depending for example on the 
quantities that are of interest or available and the period over which to calculate the balance. 
Furthermore, policy makers must decide whether or not to enforce minimum energy 
efficiency requirements and/or a hierarchy of renewable energy supply options.  

 
3.1  Balancing period 
A proper time span for calculating the balance is assumed, often implicitly, to be a year. 
An yearly balance is suitable to cover all the operation settings with respect to the 
meteorological conditions, succession of the seasons in particular. Selection of shorter 
time spans, such as seasonal or monthly balance, could be highly demanding from the 
design point of view, in terms of energy efficiency measures and supply systems, in 
order to reach the target in critical time, such as winter time. On the other hand, a much 
wider time span, on the order of decades, could be selected to assess the balance along 
the entire building’s life cycle including embodied energy. Nevertheless, as noted in 
criterion 1.2-Building system boundary-Balance boundary, embodied energy can be 
annualized and counted in addition to operational energy uses. It is therefore held that 
the balance is calculated on a yearly basis. 
 
3.2  Type of balance 
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The core principle for Net ZEBs is the balance between weighted demand and weighted 
supply, generically described in Eq. 1. Delivered and exported energy quantities can be 
used to calculate the balance when monitoring a building. Alternatively, estimates of 
delivered and exported energy may be available in design phase, depending on the 
ability to estimate self-consumption of energy carriers generated on-site. In these cases 
an import/export balance is calculated as in Eq. 2i: 
 

  
Eq. 2 

 
where e and d stands for exported and delivered, respectively; w stands for weighting 
factor and i for energy carrier. E and D stands for weighted exported and delivered 
energy, respectively; see also Table 1 on nomenclature. 
 
However, most building codes do not require design calculations to estimate self-
consumption, consequently lacking the estimations of delivered and exported amounts 
[10]. Such approaches perform like generation and load systems did not interact, 
basically because missing normative data on end users temporal consumption patterns 
(e.g. for lighting, electrical appliances, cooking, hot water use). Thereby, in most 
common cases only generation and load values are available and a load/generation 
balance is calculated as in Eq. 3: 
 

 
Eq. 3 

 
where g and l stands for generation and load, respectively; w stands for weighting factor 
and i for energy carrier. G and L stands for weighted generation and load, respectively; 
see also Table 1 on nomenclature. It is worth noting that overlooking the interactions 
between generation systems and loads as in the generation balance is equivalent to 
assume that, per each carrier, the load is entirely satisfied by delivered energy while the 
generation is entirely fed into the grid. 
 
Alternatively, a balance may be calculated based on monthly net values. For each 
energy carrier, generation and load occurring in the same month are assumed to 
balance each other off; only the monthly residuals are summed up to form the annual 
totals. This can be seen either as a load/generation balance performed on monthly 
values or, equivalently, as a special case of import/export balance where a “virtual 
monthly self-consumption” pattern is assumed. Such procedure has been proposed in 
the framework of the German building energy code, see [12] and [14], where it is thought 
with focus on electricity; the same procedure though may be applied also to thermal 
carriers. This approach may be regarded as monthly net balance, calculated as in 
Equation, substituting Equation 4 and Equation 5: 
 

 
Eq. 4 

 
Eq. 5 

                                                   
i For simplicity, the weighting factors are the same in Eq. 2, Eq. 3 and Eq. 6, and are implicitly assumed as 
static yearly values, see 2.3-Weighting system-Time dependent accounting. 
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Eq. 6 

 
 
where g and l stands for generation and load, respectively, and m stands for the month; 
w stands for weighting factor and i for energy carrier. Gm and Lm stands for the total 
weighted monthly net generation and load, respectively; see also Table 1 on 
nomenclature. 
 
The three balances are coherent with each otherii but differ by the amount of on-site 
energy generation which is self-consumed, or ‘virtually’ assumed as self-consumed, as 
shown in Figure 3. Graphically, the load/generation balance gives the points for weighted 
demand and supply most far away from the origin; while with import/export balance and 
monthly net balance the points get closer to the origin as a consequence of the self-
consumption and virtual monthly self-consumption, respectively. The import/export 
balance is expected to be always in between the two other, due to the fact that there 
usually is some amount of self-consumption but hardly more than the virtual monthly 
self-consumption, which can be regarded as an upper limit as long as seasonal energy 
storage is not considered. 
 

 
Figure 3.  Graphical representation of the three types of balance: import/export balance 
between weighted exported and delivered energy, load/ generation balance between 
weighted generation and load, and monthly net balance between weighted monthly net 
values of generation and load. 

 
It is worth noting that self-consumption of energy generated on-site can be seen as 
either an efficiency measure or as a supply measure depending on the type of balance 
adopted. In case of load/generation balance self-consumption is seen as part of the 

                                                   
ii Applied to the same case would give the same net balance: the three points lying on a 45° line (not necessarily 
passing through the origin if the net balance is not zero). 
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overall generation and is visualized in the graph as moving the weighted supply point up 
along the y-axis. However, in case of import/export balance self-consumption is seen as 
a reduction of the load, visualized in the balance graph by moving the weighted demand 
point closer to the origin, along the x-axisiii. This is consistent with the implicit viewpoint 
of the two balances. In the load/generation balance the building is seen independently, 
so that energy generated, whether self-consumed or not, does not affect the efficiency of 
the building as such. In the import/export balance the building is seen in connection with 
the grids, so that self-consumption does reduce the amount of energy exchanged, in this 
sense improving the efficiency of the system building-grids. 
 
Each type of balance has pros and cons. The import/export balance gives the most 
complete information, showing the interaction with the grids but it is the most difficult to 
obtain in design phase because it requires estimates of self-consumption patterns and 
detailed simulation (preferably with hourly or sub-hourly resolution). The load/generation 
balance is the most suit to be seamlessly integrated in existing building codes that are 
only oriented at calculating the loads. In facts, it is only necessary to add one step: 
calculation of the generation. The drawback is that it completely overlooks the interaction 
with the grids. The monthly net balance has the advantage of being simple to implement 
while not completely overlooking the interaction with the grids. On one hand it only needs 
monthly values of generation and load and does not require either detailed simulations 
or self-consumption estimates. On the other hand while the virtual monthly self-
consumption is a coarse approximation, it still provides some information on the 
seasonal interaction with the grids. The higher the monthly net generation (or load), the 
higher the seasonal unbalance of energy exchanged with the grids. 

 
3.3  Energy efficiency 
A Net ZEB definition may set mandatory minimum requirements on energy efficiency. 
Such requirements may be either prescriptive or performance requirements, or a 
combination of the two. Prescriptive requirements apply to properties of envelope 
components (e.g. U-values of walls and windows, air-tightness in pressurization test) and 
of HVAC systems (e.g. specific fan power, COP of heat pumps), while performance 
requirements apply to energy needs (e.g. for heating, cooling, lighting) or total (weighted) 
primary energy demand. See [26] for an overview of prescriptive and performance based 
energy efficiency requirements adopted in existing national or commercial certification 
systems.  
 
Mandatory requirements on energy efficiency may be determined on the basis of cost-
optimality considerations as in the plans of the EPBD [1]; such methodology is still under 
development for the time being, see [27], [28] and [29]. Alternatively, mandatory 
efficiency targets could simply require a demand reduction (e.g. 50%) compared to a 
reference building of the same category (e.g. detached house, office, school). 
 
In absence of explicit requirements on energy efficiency it is left to the designers to find 
the cost-optimal balance between energy efficiency measures and supply options, 
eventually considering embodied energy too, if in the balance boundary. However, the 
analysis of a large number of already existing Net ZEBs underlines the priority of energy 
efficiency as the path to success [15].  
 

                                                   
iii Also valid for monthly net generation balance and virtual monthly self-consumption. 
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Restrictions on the use of some energy carriers, such as oil, can be a direct requirement 
of a Net ZEB definition or a consequence of the assigned weighting factor, e.g. assigning 
a ‘politically’ or ‘strategically’ high value to oil would reduce its attractiveness. 

 
3.4  Energy supply 
A Net ZEB definition may set mandatory requirements on energy supply. A 
straightforward requirement is proposed in [30] by setting a threshold for the minimum 
share of renewable energy that has to be used for covering the building's energy 
demand. Alternatively, energy supply options may be categorised in different ways and a 
Net ZEB definition may set a mandatory hierarchy of renewable energy supply options. 
This prioritization is meant to add an additional dimension to the energy balance itself. 
Typically, distinction is made at least between ‘on-site’ and ‘off-site’; see [5], [10], [18] 
and [19]. For using a hierarchy of options a clear and unambiguous definition of what is 
on-site and off-site (and any further distinction) has to be stated in criterion 1-Building 
system boundary-Physical boundary. 
 
In [5] the renewable energy supply options are prioritized on the basis of three principles: 
1) Emissions-free and reduced transportation, transmission, and conversion losses; 2) 
Availability over the lifetime of the building; 3) Highly scalable, widely available, and have 
high replication potential for future Net ZEBs. These principles lead to a hierarchy of 
supply options where resources within the building footprint or on-site (e.g. PV and CHP) 
are given priority over off-site supply options, (e.g. import of biofuel for cogeneration or 
purchase of green electricity). Reasons for supporting such a hierarchy are extensively 
discussed in the report. In [10] a similar categorisation of supply options is given 
according to their distance from the building, even though no hierarchy of preferences is 
expressed. However, it is worth mentioning that the meaning of off-site varies depending 
on whether the focus is on the origin of the fuel [5] or on the location of the actual 
generation system [10].  
 
Another example of classification and hierarchy is given by the “Zero Carbon Home” 
policy under development in the UK (only for new residential buildings), see [18] and 
[19]. In the Zero Carbon Home approach offsetting carbon emissions is achieved in two 
steps, named: “carbon compliance” and “allowable solutions”. Carbon compliance is a 
mix of mandatory energy efficiency measures and a selection of on-site options (e.g. PV 
and connection to thermal grids) to be implemented as first priority. Allowable solutions is 
a set of further supply options, including extended on-site options, near-site and off-site 
options; where the meaning of such words is again different than in [5] and [10].  
 
One of the more contentious topics is likely be how to account for ‘soft’ renewable 
generation options (‘soft’ as opposed to ‘hard’ = physical generation of energy carriers). 
For example, the allowable solutions in the Zero Carbon Home definition in the UK 
include investment (through a national investment fund) in low- and zero-carbon energy 
projects off-site. These include investments in the local energy infrastructure and 
financing energy efficient renovation of buildings in the area.  
 
Another area that requires further thought by policy makers, if renewable energy supply 
is to be prioritized, is defining ‘supply-side’ renewable generation separately from 
‘demand-side’ generation.  As defined in [5], supply-side renewable energy can be 
commoditized, exported, and sold like electricity or hot water for district systems, while 
demand-side renewable are only available in connection with reducing building energy 
demand on-site. Examples of demand-side generation include CHP systems, ground 
source heat pumps, and passive solar systems.   

http://www.iea-shc.org


 
Feature Article: NZEB 

www.iea-shc.org 
 

 
 

 
Restrictions on the use of some supply option, such crediting of electricity from gas fired 
CHP, can be a direct requirement of a Net ZEB definition or a consequence of the 
assigned weighting factor. For example, assigning a ‘politically’ or ‘strategically’ low 
value to electricity generated by gas fired CHP would reduce the attractiveness of such a 
choiceiv. However, it should be considered that in areas with poor performance of the 
grid (high share of fossil fuels and high carbon emission in the generation mix) it may be 
reasonable to allow solutions that make a very efficient use of natural gas, such as gas 
fired CHP, especially if the gas grid is already in place. 

 
4. Temporal Energy Match Characteristics 
Beside an annual energy or emission balance Net ZEBs are characterized by their different 
ability to match the load and to work beneficially with respect to the needs of the local grid 
infrastructure. Suitable indicators can be used to express characteristics of a Net ZEB such 
as the temporal match between a building’s load and its energy generation, load matching, 
and the temporal match of import/export of energy with respect to the grid needs, grid 
interaction [30], [32]. Such indicators are useful to show differences and similarities between 
alternative design solutions. The indicators are intended as assessment tools only: there is 
no inherent positive or negative value associated with them, e.g. increasing the load match 
may or may not be appropriate depending on the circumstances on the grid side. 
 
Load matching and grid interaction calculation have to be performed for each energy carrier 
separately. The calculation of such indicators needs energy data in a time resolution of 
months for studying the seasonal effects, and hourly or sub-hourly resolution for studying 
peak load effects. Target groups for this form of Net ZEB characterisation are the building 
owners and designers, community and urban planners as well as the local grid operators in 
the context of “smart buildings” and “smart grids”.  
 

4.1 Load matching 
The temporal match between load and generation for an energy carrier gives a first 
insight on a building’s ability to work in synergy with the grid. When there is a poor 
correlation between load and generation, e.g. load mainly in winter and generation 
mainly in summer, the building will more heavily rely on the grid. If load and generation 
are more correlated, the building will most likely have higher chances for fine tuning self-
consumption, storage and export of energy in response to signals from the grid, see 
criterion 4.2-Grid interaction. Load matching can be addressed in design by separate 
calculations or simulations on load and generation, without need to know or estimate 
self-consumption. For this reason indicators of load matching fit well for being used in 
combination with a load/generation balance, see criterion 3.2-Net ZEB balance-Type of 
balance. 
 
Suitable indicators for load matching are proposed under different wordings and 
summarized with a review in [32]. The most common wording for solar systems applied 
to buildings is the so-called “solar fraction”. Generalizing the term to any form of 
generation leads to the load match index [30] in the form of Eq. 7: 
 

 Eq. 7 

 

                                                   
iv This means adopting an asymmetric weighting system, see 2.2. 
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where g and l stands for generation and load, respectively; i stands for energy carrier 
and t is the time interval used, e.g. hour, day or month. N stands for the number of data 
samples, i.e. 12 for monthly time interval and 8760 for hourly time interval, respectively. 
See also Table 1 on nomenclature.  
 
Load match calculation is sensitive to the time resolution considered, as investigated in 
[30] for three existing buildings in Portugal, USA and Germany respectively, and in [33] 
by simulations for dwellings in high latitude climates. In that study, based on 10 min data 
resolution not more than 28% of the annual load can be matched although the annual 
yield fully balances the annual demand. Analyzing the load match at the monthly level, 
instead, gives a matching of 67%. Also the load considered, naturally, affects load match 
calculations. Simulations of a Belgian dwelling [34] report that considering 1 min data 
resolution 42% of the household electrical demand was instantaneously matched, while 
the fraction decreases to 29% when including the demand for space heating and DHW 
via heat pump. The reason is that the (electrically driven) heat pump increases the 
electric load in times with low solar power availability. 
 
When calculated on monthly values the load match index provides basically the same 
kind of information as the monthly net balance, see criterion 3.2-Net ZEB balance-Type 
of balance. In this case though, the higher the load match index, the lower the seasonal 
unbalance of energy exchanged with the grid. The load match index is, however, a finer 
indicator than the monthly net balance because it looks at one energy carrier at a time 
and is not distorted by the weighting. 
 
4.2 Grid interaction 
To assess the exchange of energy between a Net ZEB and a grid versus the grid’s 
needs one must know at least the import/export profile from the building. The other half 
information must come from the grid’s side, e.g. in terms of base/peak load, hourly price 
or carbon emission factor; but this is beyond the scope of this paper.  

 
The grid interaction can be addressed based on metering or simulation data of delivered 
and exported quantities. Therefore, indicators of grid interaction fit well for being used in 
combination with an import/export balance, see criterion 3.2-Net ZEB balance-Type of 
balance. Such data have to consider the entire load, including user related loads such as 
plug loads even if excluded from the balance boundary, as the grid stress can only be 
addressed by a full balance approach, see criterion 1.2-Building system boundary-
Balance boundary. 
 
Several indicators have been proposed to analyze the interaction between buildings and 
grids, with a viewpoint from either the building or the grid perspective [32]. As an 
example, an index from the viewpoint of the building is considered here: the grid 
interaction index [30]. The grid interaction index represents the variability (standard 
deviation) of the energy flow (net export) within a year, normalized on the highest 
absolute value. The net export from the building is defined as the difference between 
exported and delivered energy within a given time interval. The grid interaction index is 
calculated as in Eq. 8: 
 

 
Eq. 8 
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where e and d stands for exported and delivered, respectively; i stands for energy carrier 
and t is the time interval used, e.g. hour, day or month. See also Table 1 on 
nomenclature. As for load matching, also the grid interaction index is sensitive to the 
time resolution considered. Table 2 shows the load match and the grid interaction index 
calculated for three different time resolutions based on a small all-electric solar home 
designed for the Solar Decathlon Europe competition in 2010, data presented in [30].  
 
 
 
Table 2. Effect of time resolution on the indicator values, 

 data from [30]. 
Indicator  Time resolution 
 Monthly Daily Hourly 
Load match index 79% 76% 36% 
Grid interaction 
index 43% 35% 25% 

 
 
An important characteristic from the viewpoint of the grids is the grid interaction flexibility 
[32] of a Net ZEB, understood as the ability to respond to signals from the grid (smart 
grids), e.g. price signals, and consequently adjust load (DSM), generation (e.g. CHP) 
and storage control strategies in order to serve the grid needs together with the building 
needs, and/or adjust to favourable market prices for energy exports or imports. 
Therefore, to be meaningful the grid interaction flexibility has to be evaluated with a time 
resolution of an hour or preferably even lower.  
 
What is actually in the hands of designers is to design the building and its energy 
systems to enhance grid interaction flexibility. The flexibility could be quantified using 
suitable indicator(s) evaluated in two opposite extreme situations. An extreme situation is 
an export priority strategy (maximum energy export): the generation system export 
energy to the grids regardless of the building’s load or storage possibilities. The opposite 
extreme situation is a load matching priority strategy (maximum load match): control 
strategies for storage system, load shifting and generation modulation, where possible, 
provide maximised self-consumption of the generated energy. The difference between 
the two values tells how flexible a building is in terms of grid interaction. One important 
design strategy may be to enhance the grid interaction flexibility: the higher the flexibility, 
the better the building will be able to adapt to signals from the grid. 
 
It is worth noting that for building designer to design Net ZEBs with high grid interaction 
flexibility, it is necessary to have data on end users temporal consumption patterns, e.g. 
for lighting, electrical appliances, cooking, hot water use. Such data should be 
statistically representative for the type of building in analysis (i.e. residential, office, 
school, etc.) or better such data should be even normative. In the same way as weather 
data are standardized to provide designers with a reference climate, user profile data 
may be standardized to offer designers a reference temporal consumption pattern (with 
hourly and seasonal variations) for each type of building. Furthermore, evaluation of 
different strategies for the control of load, generation and storage need the support of 
advanced dynamic simulations tools.  
 

5. Measurement and Verification 
The establishment of building performance targets at policy level necessarily leads to the 
development of energy rating systems, i.e. methodologies for the evaluation of the building 
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energy performance. Ratings can be calculated ratings when based on calculations, or 
measured (or operational) ratings when based on actual metering [35]. Within this 
perspective, it is questioned whether the Net ZEB target should be a calculated or a 
measured rating. A measured rating would enable the verification of claimed Net ZEBs, the 
effectiveness and robustness of the design solutions applied, and at last the actual 
achievement of the energy policy targets.  
 
To check that a building is in compliance with the Net ZEB definition applied, a proper 
measurement and verification (M&V) process is required [36]. Such process is strictly 
dependent on the options selected for each criteria of the definition and on the features of 
the building to be assessed. As a minimum, an M&V protocol for Net ZEBs should enable 
the assessment of the import/export balance, as this is the core of the Net ZEB concept. 
Eventually, an M&V process could aim at evaluating also the temporal match characteristics, 
such as the load match or grid interaction indices. This requires setting the time resolution 
and selecting the duration of measurements, sampling and recording time. 
 
As comfort is a mandatory requirement in buildings, an M&V protocol should also check the 
indoor environmental quality (IEQ). The complexity can then increase significantly due to the 
large number of sensors likely required in several locations within a building. Nevertheless, 
to warrantee indoor comfort is always the first priority in building design and the risk of 
designing Net ZEBs with poor IEQ shall be avoided; IEQ measurements would help to this 
respect. Furthermore it would help explaining possible deviations from the expected energy 
performance – in relation to the expected operating conditions criterion 1.3-Building system 
boundary-Boundary conditions – and point out relevant optimization measures.  
 
Clearly, the completeness and complexity of a Net ZEB definition is reflected in the M&V 
process in terms of feasibility and affordability. It is worth noting that only the energy uses 
included in the balance boundary, see criterion 1.2-Building system boundary-Balance 
boundary, contribute to define the Net ZEB balance. As a consequence, the exclusion of an 
energy use from the balance boundary, e.g. the electricity use for plug-loads, would require 
the installations of a separate meter – or possibly several – in addition those located at the 
interface with the grids (on the physical boundaries). This means moving from a whole 
building monitoring approach to sub-metering [37], [38] and [39], increasing the complexity 
of the monitoring system and jeopardizing the verifiability of the definition. For an easily 
verifiable definition, hence, it would be preferable to have all the energy carriers crossing the 
physical boundary included in the balance boundary as well. 
 
Furthermore, in order to implement a measured rating for Net ZEBs it is necessary to specify 
the required validity over time and over variable boundary conditions. How long a claimed 
Net ZEB shall comply with the definition? What happens if in the selected time span, 
changes in boundary conditions occur, such as variation in the climate, occupancy, building 
uses? It is therefore necessary to define:  
• The time span over which the measured rating shall satisfy the Net ZEB balance; 
• Tolerances on the balance and required comfort conditions;  
• Parametric analysis approaches to show the relationship between the balance and 

influencing variables, such as comfort, climate, building use, occupancy, user behaviour. 
 

Conclusions 
 
While the concept of zero energy buildings is generally understood, an internationally agreed 
definition is still lacking. It is recognised that different definitions are possible, in order to be 
consistent with the purposes and political targets that lay behind the promotion of Net ZEBs. 
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A framework for describing the relevant characteristics of Net ZEBs in a series of five criteria 
and relative sub-criteria has been presented. For each criterion different options are 
available on how to deal with that specific characteristic. Evaluation of the criteria and 
selection of the related options becomes a methodology for elaborating Net ZEB definitions 
in a systematic, comprehensive and consistent way. This can create the basis for 
legislations and action plans to effectively achieve the political targets.  
 
The common denominator for the different possible Net ZEB definitions in the presented 
framework is the balance between weighted demand and supply. The balance may be 
calculated in different ways, depending on the quantities that are of interest and available. 
An import/export balance focuses on the energy flows exchanged between the building and 
the grids; it applies in monitoring or in design when estimates of self-consumption are 
available. A simpler load/generation balance focuses on the gross load and generation 
quantities disregarding their interplay; it applies in design when estimates of self-
consumption are not available. A third type of balance is the monthly net balance that can be 
seen as a combination of the other two; monthly generation and load (for each energy 
carrier) are assumed to balance each other off and only the monthly residuals are summed 
up to form the annual totals.  
 
The choice of a proper balance metrics and weighting system should depend on targets in 
the political agenda and not being driven solely by feasibility of Net ZEB projects or 
minimisation of investment cost; even though this may be a major target itself. However, it is 
important that authorities and competent national bodies and legislators are fully aware of 
the effect of the weighting factors when deciding upon the metrics to adopt for the Net ZEB 
definition they want to set in place. 
 
Important aspects in the framework are the criteria on energy efficiency and energy supply. 
While the pathway to a Net ZEB is given by the balance of the two actions – energy 
efficiency and energy supply – experience from a large number of already existing Net ZEBs 
underlines the priority of energy efficiency as the path to success [15]. Minimum energy 
efficiency requirements may be enforced in a Net ZEB definition. Likewise, a hierarchy of 
energy supply options may also be enforced. 
 
Net ZEBs are characterized by more than the mere weighted balance over a period of time. 
In this paper the authors propose a characterization based on two aspects of temporal 
energy match: load matching, the ability to match the building’s own load, and grid 
interaction, the ability to work beneficially with respect to the needs of the local grid 
infrastructure. These aspects are evaluated separately per each energy carrier exchanged 
with the grids, no weighting is applied. For the load matching an indicator is proposed, the 
load match index, able to express the seasonal unbalance of energy exchanged with a grid. 
For the grid interaction the concept of grid interaction flexibility is introduced, which may be 
estimated in design phase by simulating different strategies for the control of load, 
generation and storage systems. The indicators presented address the topics but need to be 
further developed. However, there is a need to work with a time resolution of hours or even 
lower in order to address issues such as energy price fluctuation and grids’ peak load. To 
this respect building designers need information on end users temporal consumption 
patterns, better if from normative data, and the support of advanced dynamic simulations 
tools. 
 
Finally, it is argued that only a measured rating would enable the verification of claimed Net 
ZEBs, the effectiveness and robustness of the design solutions applied, and at last the 
actual achievement of the energy policy targets. Therefore, a measurement and verification 
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(M&V) process is required and its completeness and complexity will dependent on the 
options selected for the definition criteria. It is stressed that for an easily verifiable Net ZEB 
definition it is preferable to include all operational energy uses in the balance boundary. 
Specification of other boundary conditions, such as reference climate, comfort, functionality 
and space effectiveness, are also necessary in order assess possible deviations from the 
calculated to the measured balance. 
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Appendix A – Conversion factors 
Europe Austria Denmark Finland Germany Italy Norway Spain Sweden Switzerland

Energy carrier Metrics EN 15603 PHPP Gemis BR 2010 BC 2012 Gemis DIN V 18599/1 GEMIS UNI-‐TS-‐11300/4 NS 3700 ZEB centre* I.D.A.E. CALENER average* pol. factors SIA 2031 EnDK

2008 2007 Vers. 4.5 2010 2011 2011 2007 Vers. 4 5 draft 9/2009 2009 2010-‐2060 2010 2009 2008 2008 2009 2009

Electricity PEI, n.r. 3,14* 2.70 1,3* 1.70 2.60 2.61 2.18* 2.53 2.00

PEI, total 3,31* 1.91 2,50* 1.70 3.00 2.96 2.28 2.60 1 50 2.50 2.97

CO2 equiv. 617,00* 680.00 389.00 329.62 331.00 633.00 531** 395 132 350* 649 154.00

Natural gas PEI, n.r. 1.36 1.10 1.12 1.00 1.10 1.12 1 00 1.10 1.00

PEI, total 1.36 1.12 1 00 1.00 1.10 1.12 1.07 1.10 1.15

CO2 equiv. 277.00 250.00 268.00 202* 315.00 244.00 211 251* 204.00 241.00 -‐

Oil PEI, n.r. 1.35 1.10 1.11 1.00 1.10 1.11 1 00 1.15 1.00

PEI, total 1.35 1.13 1 00 1.00 1.10 1.11 1.12 1.08 1 20 1.20 1.24

CO2 equiv. 330.00 310.00 302.00 279* 381.00 302.00 284 342* 287.00 295.00

Wood, pieces PEI, n.r. 0,09** 0.20 0.01 0.50 0.20 0.01 0 00 0.05 0.70

PEI, total 1,09** 1.01 1 00 0.50 1.20 1.01 1.25 1 20 1.20 1.06

CO2 equiv. 14** 50.00 6.00 32.40 17.00 6.00 14 0.00 0.00 11.00

Wood, pellets PEI, n.r. 0.14 0.50 0.20 0.14 0 00 0.30 0.70

PEI, total 1.16 1 00 0.50 1.20 1.16 0.00 1 20 1.20 1.22

CO2 equiv. 41.00 19.00 41.00 14 36.00

Disctrict heat PEI, n.r. 0.80 0.76 0.70 0.76 system specific 0,81* 0.60

70% CHP PEI, total 0.77 1,00* 0.70 0.70 0.77 0 90 1.00 0,8*

(fossil) CO2 equiv. 240.00 219.00 230.00 219.00 231 162*

 
PEI = Primary Energy Indicator kWhprimary / kWhdelivered

n.r. = non renewable part kWhprimary / kWhdelivered

CO2 equiv. = equivalent CO2 emissions g / kWhdelivered

* see comments for each country  
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Country Comments Sources
Europe * power according to UCTE mix

** wood in general
EN 15603 (2008 )Energy Performance of Buildings – Overall energy use and definition of
energy rationgs – Annex E Factors and coefficients, CEN.

PHPP (2007) Passive House Planning Package, The Passive House Institute, Darmstadt,
DE.

Austria * according to the Austrian Environment Agency Database of GEMIS, Global Emission Model for Integrated Systems, internet page of the
program: http://www.oeko.de/service/gemis/en/

Denmark * 2015 requirements use 0,8; 2020 requirements use 0,6 for district heating and 1,8 for
electricity

The Danish Building Code 2010, BR 2010

Finland * based on Motiva report, 2004 National Building Code of Finland. Part D3 Energy-‐Efficiency. Ministry of Environment
2011

Database of GEMIS, Global Emission Model for Integrated Systems, internet page of the
program: http://www.oeko.de/service/gemis/en/

Motiva report, 2004, emission factors and calculation of emission factors. Available at:
http://www.motiva.fi/files/209/Laskentaohje CO2 kohde 040622.pdf

Germany The normative primary energy factors for the national building code are given with DIN V
18599, emission date are not listet; if emission data are applied the most common source
is GEMIS

DIN V 18599:2007-‐02, part 10, Beuth-‐Verlag, Berlin, 2009

Database of GEMIS, Global Emission Model for Integrated Systems, internet page of the
program: http://www.oeko.de/service/gemis/en/

Italy * EEN3/08 resolution by AEEG -‐ GU n. 100, 29.4.08 -‐ SO n.107 -‐
www.http://www.autorita.energia.it/it/docs/08/003-‐08een.htm

**www.minambiente.it/home it/menu.html?mp=/menu/menu attivita/&m=argomenti.
html|Fonti rinnovabili.html|Fotovoltaico.html|Costi Vantaggi e Mercato.html

UNI-‐TS 11300 Part IV,under review (last draft 2009)-‐LA NORMATIVA TECNICA DI
RIFERIMENTO SUL RISPARMIO ENERGETICO E LA CERTIFICAZIONE ENERGETICA DEGLI
EDIFICI

Norway * EU mix scenario for nearly carbon-‐free grid towards 2050 (in line with IPCC 450 ppm
scenario); average 2010-‐2060

NS 3700 (2010) Criteria for passive houses and low energy buildings -‐ residential
buildings, Standards Norway.

SINTEF Energy Research (2011) CO2 emissions in different scnarios of electricity
generation in Europa, Report for the Zero Emission Building research centre, TR A7058.

Spain * carbon emissions only I.D.A.E., Institute for Energy Diversification and Saving,
http://www.idae.es/index.php/lang.uk

CALENER, software for certification of energy efficiency in buildings,
http://www.mityc.es/energia/desarrollo/EficienciaEnergetica/CertificacionEnergetica/Pr
ogramaCalener/Paginas/DocumentosReconocidos.aspx

Sweden * calcualted according to EN15316. Electricity calculations are based on Nordic electricity http://www.sweden.gov.se/content/1/c6/10/01/76/9e6cf104.pdf, download, 27.7.2011

Switzerland * based on waste combustion SIA 2031 „Energieausweis für Gebäude“, SIA 2040 „Effizienzpfad Energie“, Schweizer
Ingenieur-‐ und Architektenverein, 2009

Gebäudeenergieausweise der Kantone – Nationale Gewichtungsfaktoren, EnDK,
Bundesamt für Energie, 2009

http://www.iea-shc.org
http://www.oeko.de/service/gemis/en/
http://www.oeko.de/service/gemis/en/
http://www.motiva.fi/files/209/Laskentaohje
http://www.oeko.de/service/gemis/en/
http://www
http://www.autorita.energia.it/it/docs/08/003-%C2%AD%E2%80%9008een.htm
http://www.minambiente.it/home
http://www.idae.es/index.php/lang.uk
http://www.mityc.es/energia/desarrollo/EficienciaEnergetica/CertificacionEnergetica/Pr
http://www.sweden.gov.se/content/1/c6/10/01/76/9e6cf104.pdf


 

 

 

 
 

 
 
Task 36 
 

Solar Resource Knowledge Management

.............................................................................

Dave Renné 
National Renewable Energy Laboratory (Retired) 
Operating Agent for U.S. Department of Energy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
SHC Task 36: Solar Resource Knowledge Management 

www.iea-shc.org 
 

TASK DESCRIPTION 
 
Goal and Objectives 
 
The goal of SHC Task 36 "Solar Resource 
Knowledge Management" was to provide 
the solar energy industry, the electricity 
sector, governments, researchers, and 
renewable energy organizations and insti-
tutions with the most suitable and accu-
rate information of the solar radiation re-
sources at the Earth's surface in easily-
accessible formats and understandable 
quality metrics.  The scope of solar re-
source assessment information includes 
historic and currently derived data prod-
ucts using satellite imagery and other 
means. 
 
There were three main objectives of this 
Task to achieve this goal: 
 
 To provide further standardization and 

benchmarking of international solar re-
source  data sets to insure worldwide 
Intercomparability and acceptance  

 To provide improved data reliability, 
availability and accessibility in formats 
that address specific user needs, and 

 To develop methods that improve the 
quality and the spatial and temporal 
coverage of solar resource products, 
including reliable long term historical 
solar radiation databases as well as 
near-term and long-term irradiance 
forecasts. 

 
Achieving these objectives would reduce 
the cost of planning and deploying solar 
energy systems, improve efficiency of 
solar energy systems by more accurate 
and complete solar resource information, 
and increase the value of the solar energy 
produced by solar systems.  
 
Scope of the Task 
 
This Task focused on the development, 
validation, and access to solar resource 
information derived from surface-based 
and satellite-based platforms.   The Task 
investigated benchmarking and data qual-
ity assessment procedures for data prod-
ucts and validation data sets, examined 

means by which the data can be made 
easily available to users through various 
web-based hosting schemes, and conduct 
studies on improving the input data sets 
and algorithms from which satellite-
derived products are produced.  These 
studies included the investigation of short-
term irradiance forecasting and past and 
future climatic variability of the solar re-
source. 
 
The audience for the results of the Task 
includes the technical laboratories, re-
search institutions and universities in-
volved in developing solar resource data 
products.  More importantly, data users, 
such as energy planners, solar project 
developers, solar system operators, archi-
tects, engineers, energy consultants, 
product manufacturers, and building and 
system owners and managers, are the 
ultimate beneficiaries of the research, and 
will be informed through targeted reports, 
presentations, web sites, handbooks and 
journal articles. 
 
Means 
 
Task 36 participants addressed the objec-
tives through sharing a co-coordinated 
work plan encompassing three subtasks:  
 
Subtask A:  Standard Qualification for 
Solar Resource Products 
The objective of this Subtask was to pro-
vide the user community with bench-
marked, standardized, validated world-
wide solar resource data sets.  Key Sub-
task activities to meet this objective were: 
 Select and Qualify Ground Data Sets 

(lead:  NASA, USA)):  this activity will 
include a survey and documentation of 
existing data sources, and the produc-
tion and reporting of high-quality sur-
face data sets with which to use in 
benchmarking and validating satellite-
derived data sets. 

 Define Measures of Model Quality for 
Product Validation (lead:  H2 Magde-
burg, Germany): besides defining 
measures of model quality, this activity 
includes the establishment and docu-
mentation of model intercomparison 
procedures. 
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SHC Task 36: Solar Resource Knowledge Management 

www.iea-shc.org 
 

 Develop Methodology for Establishing 
Coherent Benchmarking of Products 
(lead:  NASA, USA) 

 Apply Benchmarking Procedures to 
Subtask C Products (lead:  
H2Magdeburg, Germany):  this activity 
will provide results of benchmarking 
studies conducted on data sets pro-
vided by Task 36 participants 

 
 Subtask B:  Common Structure for 

Archiving and Accessing Data Prod-
ucts 
The objective of this Subtask was to pro-
vide a user-oriented information system, 
such as a distributed data system, for ar-
chiving and accessing solar resource 
data.  Key subtask activities to meet this 
objective were: 
 Evaluate the Legal Aspects of Access-

ing Solar Resource Data (lead: 
Armines, France): this activity focuses 
on establishing copyright and proprie-
tary rights of data that will be made 
available through the distributed data 
system, and to establish appropriate 
protocols with each participating insti-
tution for making the data generally 
available to the public. 

 Identification of User Requirements 
(lead:  SUNY/Albany, USA and JRC, 
EU):  this activity captures and exam-
ines needs expressed by users of the 
data and the outcomes are specifica-
tions for the information system, list of 
customers serving later as testers of 
the prototypes and guidance to sub-
task A for selection of algorithms and 
methods 

 Develop Data Exchange Protocols and 
Metadata (lead:  Armines, France):  
various data exchange protocols will 
be examined, and one will be selected 
and documented. 

 Develop Prototype (lead:  Armines, 
France): a prototype web-based sys-
tem will be developed whereby a user 
can request information of a certain 
type and format, and the information 
system provides the response or re-
sponses that most closely addresses 
the request. 

 Develop Network of Resource Provid-
ers (lead:  NASA, USA): a worldwide 

network of data providers will be es-
tablished, and the techniques for data 
exchange among the providers will be 
investigated. 

 Develop Use of Prototype by Users 
(lead:  Armines, France):  this activity 
defines the prototype that can be ac-
cessed by users, and raises the 
awareness of the data exchange sys-
tem to external users. 

 Define Automatic Access by Commer-
cial Applications (lead:  NASA, USA):  
This activity will enable automatic and 
fast access of resources through the 
information system by using commer-
cial applications. 

 Develop a Test Application (Solar Mi-
crositing) (lead:  JRC, EU):  a case 
study in micro sitting of a solar energy 
system will be developed to demon-
strate the benefits of the information 
system. 

 
Subtask C: Improved Techniques for 
Solar Resource Characterization and 
Forecasting 
The objective of this Subtask is to conduct 
essential R&D to improve the accuracy 
and the spatial and temporal coverage of 
current techniques, including the introduc-
tion of solar resource forecasting prod-
ucts.  Key activities to meet this objective 
were: 

 Improve Satellite Retrieval Meth-
ods for Solar Radiation Products 
(lead:  SUNY/Albany, USA):  This 
activity will focus on key model in-
put parameters and methodolo-
gies, such as cloud indices, radia-
tive transfer schemes, aerosol data 
retrievals, and treatment of snow 
and other surface albedo artifacts.  
The activity also addresses ways 
of improving the spatial resolution 
of satellite-derived broadband so-
lar resource products.   

 Conduct Climatological Analysis of 
Solar Resources (lead:  NASA, 
USA):  In order to ascertain future 
impacts on system performance 
due to climate variations, this activ-
ity includes the analysis of long-
term surface and satellite-derived 
data sets and climate models; spe-
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specifically addressing natural 
long-term fluctuations associated 
within the ocean-atmosphere sys-
tem, such as the Southern Oscilla-
tion/El Nino.   

 Evaluate Solar Radiation Forecast-
ing Procedures (lead:  EHF, Ger-
many):  This activity investigates 
different approaches for develop-
ing solar resource forecasts based 
on global numerical weather pre-
dictions and extrapolation of cloud 
motion vectors 

 
Collaboration with other IEA  
Programmes 
 
Knowledge on solar resources is highly 
important for all forms of solar energy ap-
plications. Therefore Task 36 was con-
ducted as a collaborative Task together 
with the IEA Implementing Agreements 
SolarPACES (Solar Power and Chemical 
Energy Systems), and was designated as 
Task 5.  Task 36 also collaborated with 
the IEA PVPS (Photovoltaic Power Sys-
tems).  Both of these Implementing 

Agreements agreed that SHC coordinates 
the Task. Cooperation is based on “mini-
mum level” according to the SHC “Guide-
lines for Coordination with other Pro-
grammes.” 
 
Task Deliverables 
 
Deliverables included conference papers, 
journal articles, workshops, and subtask 
summaries.  The major deliverable will be 
a Handbook on Solar Radiation, summa-
rizing the key results of all subtasks, 
planned for publication in mid-2012. 
 
Task Duration 
 
The Task was initiated July 1, 2005 and 
completed June 30, 2011.  
 
Participating Countries 
 
Austria, Canada, European Commission, 
France, Germany, Spain, Switzerland and 
the United States 
 
 

Figure 1.  Forecast validation, as measured in Root Mean Square Error (RMSE), at a 
composite of 7 SurfRad solar monitoring stations around the U.S.  NDFD=National 
Digital Forecast Database, which is based on Numerical Weather Prediction models. 
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WORK DURING 2011 
 
Summary Task Status 
 
The original work plan for Task 36 called 
for a 5-year task, ending in July 2010.  
However, at the 66th ExCo meeting in 
Nice, France in November 2009 the 
IEA/SHC ExCo granted a one-year exten-
sion of the task.  At the time the extension 
was to allow for additional benchmarking 
studies and to transition the web portal 
from the MESoR (Management and Ex-
ploitation of Solar Resources) project to 
Task 36.  Additional time was also needed 
to complete the final deliverable, the 
Handbook of Solar Radiation.  At the 
same time a concept paper for a new 
Task titled “Solar Resource Assessment 
and Forecasting” was submitted to the 
SHC.  This new task was approved by the 
SHC ExCo as Task 46 at their 68th Meet-
ing in Cape Town in November 2010.  
 
By the start of 2011 the majority of work 
planned under Task 36 was completed, 
However one area of work that had a 
prominent role in Task 36 will continue 
into Task 46, and this is improving and 
testing short term solar resource forecast-
ing schemes.   Thus, a considerable 
amount of work continues in this specific 
area.  In addition, the Task Participants 
have begun focusing their attention on 
other work areas defined in Task 46, in-
cluding evaluation of solar resource vari-
ability that impacts large penetrations of 
solar technologies, standardization and 
integrating procedures for data bankabil-
ity, and advanced solar resource modeling 
procedures based on physical principles. 
 
Nevertheless, Task Participants were un-
able to complete the Handbook on Solar 
Radiation by July 2011, and as a result 
Task 36 is still not completed.  Current 
plans are for the Handbook to be submit-
ted at the 71st SHC ExCo meeting in San 
Francisco in July 2012, and a final work-
shop for Task 36 to be presented.  In addi-
tion, Task 46 has not yet been formally 
initiated since the proposed Operating 
Agent (to be supported by the U.S.) as 
well as the U.S. ExCo representative were 

both unable to attend either of the ExCo 
meetings in 2011. 
 
Consequently this Annual Report will 
summarize key areas of technical work 
that was done under Task 36 and antici-
pated to continue into Task 46.  We also 
expect to have the issue of the OA for 
Task 46 as well as country participation 
lined up by the July 2012 ExCo meeting, 
when the final Task 36 workshop will be 
presented. 
 
Overall Task 36 Activities 
 
Task Participants held two Task Expert 
Meetings in 2011.  The 10th (and pre-
sumably final) Task 36 Expert Meeting 
was held in Stuttgart in March 2011. At 
this meeting one day was focused on 
presentations of results of work done un-
der Task 36, and the second day was de-
voted to developing a draft work plan for 
the newly approved Task 46.  At this Ex-
pert Meeting there was also considerable 
discussion as to the scope and content of 
the final deliverable, the Handbook of So-
lar Radiation.  The original plan of produc-
ing a comprehensive document that en-
compassed all of the work produced under 
Task 36 was rejected by the Task Partici-
pants due to time constraints, and to the 
fact that so much of the work has already 
been published elsewhere.  A scaled-back 
version of the Handbook was proposed, 
but even then there was considerable dis-
cussion as to the scope and format of the 
Handbook.  Unfortunately this has re-
sulted in further delays in finalizing the 
Handbook, although the current plans are 
for a final version to be completed in time 
for the Solar Heating and Cooling Confer-
ence in San Francisco in July 2012. 
 
Another unique aspect of the 10th Expert 
Meeting was participation by senior repre-
sentatives of the International Renewable 
Energy Agency (IRENA).  IRENA has ex-
pressed considerable interest in the out-
comes of Task 36 since their work plan 
calls for the development of a renewable 
energy potentials atlas and database, fo-
cusing initially on solar and wind.  In fact, 
some Task 36 participants are involved in 
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the development of a solar and wind atlas, 
which would ultimately be pulled in to 
IRENA’s activities.  This solar and wind 
atlas is currently supported by Germany, 
Spain and Denmark through the Major 
Economies Forum (MEF) Clean Energy 
Ministerial (CEM).  A special meeting of 
CEM solar and wind atlas team, including 
the IRENA representatives, was held the 
day after the Task 36 10th Expert Meeting 
in Stuttgart.   
 
The first Task 46 Expert Meeting was held 
in Kassel, Germany in early September 
2011 immediately following the Solar 
World Congress 2011.  Many task partici-
pants had given technical presentations at 
the SWC, and therefore there was a large 
turnout for the Expert Meeting.  This one-
day meeting focused entirely on develop-
ing a draft final work plan for Task 46, 
which was presented at the 70th ExCo 
meeting held in Bad Aibling later in 2011.  
 
Task representatives gave presentations 
at a number of conferences throughout 
2011, including the National Solar Confer-
ence in Raleigh, North Carolina, USA (18-
20 May), the Solar World Congress in 
Kassel, Germany (29 August - 1 Septem-
ber), PVSec Conference in Hamburg, 
Germany (5-8 September 2011), the So-
larPACES Conference in Granada, Spain, 
(20-24 September 2011) the 1st Interna-
tional Workshop on Integration of Solar 
Power into Power Systems (24 October 
2011, Aarhus, Denmark), and the Interna-
tional Conference on Energy Meteorology, 
Gold Coast, Australia (8-11 November).  
 
Denmark is a new participant to the Task 
and has already joined Task 46.   One 
contribution will be the provision of a solar 
irradiance database that consists of 10 
years of data from the 28 DMI (Danish 
Meteorological Institute) global solar radia-
tion stations with hourly values from all 
stations and 10-minute values from se-
lected stations, and, 5 years of 2-minute 
data from the DTU (Danish Technical Uni-
versity) weather station of both global ra-
diation and scattered irradiances (diffuse 
radiation). This treatment includes quality 
control and in a few cases gap filling.  In 

addition a PhD student at DMI, Sisse 
Camilla Lundholm, is working with com-
parisons of irradiances from high-
resolution ensemble runs including the 
standard Danish NWP model.  
 
 
Key Activities in the Individual Sub-
tasks 
 
Subtask A:  Standard Qualification of 
Solar Resource Products 
 
Work on this subtask was completed in 
2010.  The final results were published in 
2009 under the MESoR Project 
(http://www.mesor.org/docs/MESoR Benc
hmarking of radiation products.pdf).  
Additional benchmarking results were also 
reported through the MESoR project 
(http://www.mesor.org/docs/MESoR Hand
book on best practices.pdf). 
 
Reports on benchmarking of satellite-
derived data sets using the methods of 
Subtask A have been published by Dr. 
Pierre Ineichen at the University of Ge-
neva (Switzerland).  The links to these 
publications are as follows: 

 
http://www.unige.ch/cuepe/pub/ineichen v
alid-sat-2011-report.pdf  (2.3 Mb)  
The annex 
http://www.unige.ch/cuepe/pub/ineichen v
alid-sat-2011-annexe.pdf  (60 Mb)  
The report + annex 
http://www.unige.ch/cuepe/pub/ineichen v
alid-sat-2011.pdf  (62 Mb) 

 

The benchmarking methods are also be-
ing applied to the test and evaluation of 
solar forecasting products, which will con-
tinue under Task 46. 

Subtask B: Common Structure for Ar-
chiving, Processing, and Accessing 
Resource Data 
 
All work in Subtask B has essentially been 
completed, and several summary reports 
regarding web services have been devel-
oped under the MESoR Project 
(http://www.mesor.org/deliverables.html).  

http://www.iea-shc.org
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Liaison with the Global Earth Observation 
System of Systems (GEOSS-8) Architec-
ture Implementation Project 3 continues, 
with a focus on adapting best practices 
methodologies for web portal design.   
Instead of a Task 36 web portal, it is likely 
that some of the results of the work done 
in Subtask B will be incorporated by 
IRENA as a means of displaying solar 
resource products coming out of the solar 
and wind atlas being developed through 
the CEM. 
 
Subtask C:  Improved Techniques for 
Solar Resource Characterization and 
Forecasting 
Activity C1: Improve Satellite Retrieval 
Methods for Solar Radiation Products  
 
A draft final report has been prepared, 
describing the contributions from the  
 

experts who contributed to this activity. 
These contributions cover the following 
specific areas of research:  
 

• Combining multiple data sources to 
optimize the accuracy of a site’s 
solar energy resource assessment. 

• Developing simple broad band 
clear sky models for global and di-
rect irradiance (GHI and DNI), 
based upon rigorous radiation 
transfer models 

• Determination of atmospheric 
aerosol content and/or type using 
either simple radiation transfer 
models and broadband DNI and/or 
GHI measurements, or state-of-
the-art atmospheric transport 
models. 

 

Table 1.  Solar Resource Forecasting schemes evaluated by Task 36 
participants under Activity C3. 
(Table prepared by Dr. Elke Lorenz, University of Oldenburg) 
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• Production of enhanced atmos-
pheric aerosol long-term data sets 
for use by satellite and/or forecast 
irradiance models 

• Assessing the ability of satellite-
derived irradiances and of other 
sources to properly characterize 
the inter-annual variability of the 
solar resource. 

• Developing enhanced satellite-to 
irradiance models  

• Accuracy improvements of satel-
lite-derived solar resource based 
on GEMS re-analysis aerosols 

• Quality procedures for provision 
site-specific solar resource infor-
mation 

The report summarizes and contextualizes 
each contribution and points to source 
reports and articles produced during the 
course of the task.  The report, when 
completed, will represent one of the final 
Task 36 deliverables and will be posted to 
the IEA-SHC Task 36 web site.  
 
Activity C2: Conduct Climatological Analy-
sis of Solar Resources: 
 
The University of Geneva (Switzerland) 
has published a comprehensive overview 
of interannual variability titled “Global Ra-
diation:  Average and Typical Year, and 
Year-to-Year Annual Variability”, by Pierre 
Ineichen.  This represents a final deliver-
able under this task.  These and other 
reports by Dr. Ineichen can be found on 
his University of Geneva web site:  
http://www.cuepe.ch/html/pub ineichen.ph
p?titre=&mjc=2047&ad=&pr=ineichen&sr=
auteurs&page=1&line= 
 
  
Activity C3:  Evaluate Solar Radiation 
Forecasting Procedures: 
 

Results of work under Subtask C3 show 
that there are three predominant time 
frames and methodologies for short-term 
solar resource forecasting:  1) Intra-hour 
(sub-hourly), where on-site observational 

tools such as Total Sky Imagers can be 
deployed, 2) 1 to 6-hour ahead, where 
methodologies such as satellite cloud mo-
tion vectors, perhaps in conjunction with 
mesoscale numerical weather prediction 
models, can be used, and 3) 1 to 7-day 
ahead, where Numerical Weather Predic-
tion models, preferably in ensemble mode, 
are required.  The work in Subtask 3 fo-
cused almost entirely on the 1 to 6-hoiur 
and the 1 to 3-day ahead forecasting 
methodologies.  In a test of forecasting 
schemes at 7 high-quality SurfRad (Sur-
face Radiation) solar measurement sites 
operated by the U.S. National Oceanic 
and Atmospheric Administration, Dr. Rich-
ard Perez of the State University of New 
York at Albany has shown that the use of 
cloud motion vector analysis is preferable 
up to about 6-hour ahead forecasts, but 
then Numerical Weather Prediction mod-
els should be used for more extended 
forecast periods, as shown in Figure 1.  
The figure also clearly demonstrates that 
applying either one or the other methods 
gives superior results to just relying on 
“persistence-type” forecasts. 

A final Subtask C3 deliverable has been 
prepared under the leadership of the Uni-
versity of Oldenburg (Germany), involving 
the contributions of many task partici-
pants.  The report contains information on 
the following: 
 

 Investigation and development of 
different approaches for 
forecasting solar irradiance based 
on numerical weather prediction 
models 

 Investigation of solar radiation 
forecasts based on cloud motion 
vectors 

 Comparison of the different 
forecasting algorithms in two 
benchmarking exercises (USA, 
Europe) 

 Applications of irradiance 
forecasting: PV power prediction, 
use of direct irradiance forecasts 
for management of CSP, grid 
integration of solar power, energy 
management of a solar assisted 
district heating grid. 

http://www.iea-shc.org
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A summary of the forecasting methods 
tested under Activity C3 is given in Table 
1.  This work was done under the leader-
ship of Dr. Elke Lorenz of the University of 
Oldenburg. 

A contribution with respect to solar and 
photovoltaic irradiance forecasting based 
on NWP models was prepared by (Can-
metENERGY, Natural Resources Canada) 
as part of the project “Photovoltaic fore-
casting in Canada and applications to 
large-scale grid integration”. Hourly solar 
and photovoltaic (PV) forecasts for hori-
zons between 0 and 48 hours ahead were 
developed using Environment Canada’s 
Global Environmental Multiscale (GEM) 
model. The solar and PV forecasts were 
compared to irradiance data from 10 North 
American ground stations and to AC 
power data from 3 Canadian PV systems. 
A one-year period was used to train the 
forecasts and the following year was used 
for testing. Two post-processing methods 
were applied to the solar forecasts: spatial 
averaging and bias removal using a Kal-
man filter. On average, these two methods 
lead to a 15% reduction in RMSE over the 
GEM forecasts without post-processing. 
Bias removal was primarily useful when 
considering a « regional » forecast for the 
average irradiance of the 10 ground sta-
tions, since bias was a more significant 
fraction of RMSE in this case. PV forecast 
accuracy was influenced mainly by the 
underlying (horizontal) solar forecast ac-
curacy, with RMSE ranging from 6.4% to 
9.2% of rated power for the individual PV 
systems. About 76% of the PV forecast 
errors were within +-5% of the rated power 
for the individual systems, but the largest 
errors reached up to 44 to 57% of rated 
power. The results of this project have 
been described in a scientific paper [Pel-
land et al, 2011] that has been submitted 
by Sophie Pelland, George Galanis and 
George Kallos the journal Progress in 
Photovoltaics: Research and Applications 
in April 2011. 

Although Task 36 participants did not con-
sider the sub-hourly time frame in their 
work, a recent contribution that will be 
given further consideration in Task 46 is 
presented here, demonstrating how a To-

tal Sky Imager can be used to provide 
short-term irradiance forecasts to utility 
operators is being developed by the Uni-
versity of California San Diego (Dr. Jan 
Kleissl). Sky images taken every 30-s 
were processed to determine sky cover 
using a clear sky library and sunshine 
parameter. From a two-dimensional cloud 
map generated from coordinate-
transformed sky cover, cloud shadows at 
the surface were estimated. Limited vali-
dation on four partly cloudy days showed 
that (binary) cloud conditions were cor-
rectly nowcast 70% of the time for a net-
work of six pyranometer ground stations 
spread out over an area of 2 km2. Cloud 
motion vectors were generated by cross-
correlating two consecutive sky images. 
Cloud locations up to 5 min ahead were 
forecasted by advection of the two-
dimensional cloud map.  Results are 
shown in Figure 2 (Chow et al., 2011). 
 
WORK PLANNED FOR 2012 
 
The final deliverable, Handbook on Solar 
Radiation, was stalled and will now be 
completed in 2012.  In the meantime, 
Task participants will begin preliminary 
work on Task 46, which started on 1 July 
2011. 
 
 
LINKS WITH INDUSTRY 
 
Several small companies directly partici-
pated in the Task:  Suntrace GmbH, Me-
teotest, Blue Sky Wetteranalyzen, irSO-
Lav, and GeoModel Solar s.r.o. Another 
task participant formed a cooperative ar-
rangement with Clean Power Research in 
the U.S. to market satellite-derive data.   
 
The audience for the results of Task 36 
includes the technical laboratories, re-
search institutions, and universities in-
volved in developing solar resource data 
products.  More importantly, data users, 
such as energy planners, solar project 
developers, architects, engineers, energy 
consultants, product manufacturers, build-
ing and system owners and managers, 
and utility organizations, are the ultimate 
beneficiaries of the research, and will be 

http://www.iea-shc.org


 

 
SHC Task 36: Solar Resource Knowledge Management 

www.iea-shc.org 
 

informed through targeted reports, presen-
tations, web sites, handbooks and journal 
articles.  
 
 
REPORTS/PAPERS PUBLISHED IN 
2011 
 
Journal Articles 
Chow, Chi Wai, Bryan Urquhart, Matthew 
Lave, Anthony Dominguez, Jan Kleissl, 
Janet Shields, and Byron Washom, 2011:  
Intra-hour forecasting with a total sky 
imager at the UC San Diego solar energy 
testbed.  Solar Energy Journal (in press).  
 
Dominguez A, Kleissl J, Luvall JC, 2011:  
Effects of Solar Photovoltaic Panels on 
Roof Heat Transfer, Solar Energy, 10, 
85(9): 2244-2255. 
 
Lave, M., J. Kleissl, Arias-Castro, E., 
2011:  High-frequency fluctuations in 
clear-sky index, Solar Energy. 
 
Lave M, Kleissl J, 2011:  Optimum fixed 
orientations and benefits of tracking for 
capturing solar radiation in the continental 
United States, Renewable Energy, 
36:1145-1152. 
 
Lara-Fanego, V., J.A. Ruiz-Arias, D. Pozo-
Vázquez, F.J. Santos-Alamillos, J. Tovar-
Pescador. Evaluation of the WRF model 
solar irradiance forecasts in Andalusia 
(southern Spain), Solar Energy, In press. 
 
Mathiesen P, Kleissl J, 2011:  Evaluation 
of numerical weather prediction for intra-
day hourly solar irradiance forecasting in 
the CONUS, Solar Energy, 85(5): 967-
977. 
 
Polo, J, Zarzalejo L.F., Cony M, Navarro 
A.A., Marchante R., Martín L., Romero M. 
(2011). Solar Radiation estimations over 
India using meteosat satellite images, 
Solar Energy 85, 2395-2406. 
 
Ruiz-Arias, J. A., Pozo-Vázquez, D., Lara-
Fanego, V. and  Tovar-Pescador, 
J. (2011), A high-resolution topographic 
correction method for clear-sky so-
lar irradiance derived with a numerical 

weather prediction model. Journal 
of Applied Meteorology and Climatology, 
Vol. 50, pp 2460-2472.     
 
Ruiz-Arias, J.A., Pozo-Vázquez, D., San-
tos-Alamillos, F.J., Lara-Fanego, 
V., Tovar-Pescador, J.  (2011). A topog-
raphic geostatistical approach for mapping 
monthly mean values of daily global solar 
radiation: A case study in southern Spain. 
Agricultural and Forest Meteorology, Vol. 
151, pp 1812-1822. 
 
IEA SHC Task 36 Reports 
 
Ineichen, Pierre, 2011:  Global Irradiation:  
average and typical year, and year-to-year 
variation.  University of Geneva, March 
2011.  
http://www.cuepe.ch/html/pub ineichen.ph
p?titre=&mjc=2047&ad=&pr=ineichen&sr=
auteurs&page=1&line= 
 
SolarPACES 2011, Granada, Spain 
 
Kraas, Birk,  Reinhard Madlener, Benedikt 
Pulvermuller, and Marion Schroedter-
Homscheidt.  Variability of a Concentrat-
ing Solar Power Forecasting System for 
Participation in the Spanish Electricity 
Market. 
 
Pozo Vazquez, D., S. Wilbert, C.A. 
Gueymard, L. Alados-Arboledas, F. J. 
Santos-Alamillos, M. J. Granados-Munoz.   
Interanjnual Variability of Long Time Se-
ries of DNI and GHI at PSA, Spain.  Uni-
versity of Jaén. 
 
V. Lara-Fanego, J. A. Ruiz-Arias, D. Pozo 
Vázquez, F. J. Santos-Alamillos, J. Tovar 
Pescado, S. Quesada-Ruiz, J. Martínez-
Valenzuela, A. Linares-Rodríguez and A. 
Molina.  The Role oft he Spatial Resolu-
tion in the Reliability of WRF-Based DNI 
Forecast:  A Case Study at the Andasol 
STPP. University of Jaén. 
 
Schroedter-Homscheidt, Marion and 
Benedikt Pulvermuller.  Verification of Di-
rect Normal Irradiance Forecasts fort he 
Concentrating Solar Thermal Power Plan 
Andasol-3 Location. 
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 Schroedter-Homscheidt, Marion, Armel 
Oumbe, and Carsten Hoyer-Klick, Aerosol 
Load and Dust Event Mapping Based on 
Chemical Transport Modeling. 
 
1st International Workshop on Integra-
tion of Solar Power into Power Sys-
tems, Aarhus, Denmark 
 
Lara-Fanego, V., J.A. Ruiz-Arias, D. Pozo-
Vázquez, F.J. Santos-Alamillos, J. Tovar-
Pescador and S. Quesada-Ruiz. The role 
of the spatial resolution in the reliability of 
WRF-based DNI forecasts: a case study 
at the Andasol STPP 
  
 
REPORTS PLANNED IN 2012 
 
Handbook on Solar Radiation  
 
 
MEETINGS IN  2011 
 
9th Experts Meeting 
March 1-2, 2010 
Stuttgart, Germany 
 
This meeting focused on a review of 
Task activities and results in prepara-
tion for developing the final task deliver-
ables; a draft workplan for Task 46 “Solar 
Resource Assessment and Forecasting” 
was prepared; a liaison meeting with the 
CEM solar and wind atlas team and 
IRENA representatives was held. 
 
10th  Experts Meeting 
September 2,  2011 
Kassel, Germany 
 
A final draft work plan for Task 46 was 
prepared.  The work plan was subsquently 
presented at the 70th Executive Committee 
Meeting in Bad Aibling, Germany on 8 
November 2011.  However, because the 
designated OA and  U.S. ExCo represen-
tative were unable to attend the meeting 
no final determination of country participa-
tion and support of the OA could be made. 
 

MEETINGS PLANNED FOR 2012 
 
2nd Task 46 Experts Meeting 
May 18, 2012 
Denver, Colorado, USA 
 
Final Task 36 Workshop 
July 2012  
San Francisco, California, USA 
 
(in conjunction with the SHC Programme’s 
first Solar Heating and Cooling 
Conference) 
 

 
 
 
 
 

Figure 2.  Processing chain of a sky image on Oc-
tober 4, 2009 15:45:30 PST (a) to obtain the 
cloud decision image. The sunshine parameter is 
0.85 and is evaluated around the sun position 
indicated by the blue cross. The dotted black lines 
show the borders of the circumsolar region de-
fined as solar azimuth ±35° and the solid black 
line shows zenith angle (ZA) at 65°. (b) Clear sky 
red-blue-ratio (RBR, colorbar) background image 
plus the threshold. (c) RBR (colorbar) image. 
(d) Pixels in (c) with RBR > sunshine parameter 
or (e) RBR > clear sky library are assumed to be 
cloudy. (f) Shows the final cloud decision image. 
Green areas are clouds and blue areas are clear 
skies. 
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TASK 36 NATIONAL CONTACTS  
 
 
Operating Agent 
Dave Renné  
National Renewable Energy Laboratory 
(Retired) 
1617 Cole Boulevard 
Golden, Colorado 80401-3393 USA   
drenne@mac.com 
 
Austria 
Klaus Reingruber and Wolfgang 
 Traunmuller 
Bluesky Wetteranalyzen 
Steinhüblstr. 1, 4800 Attang-Puchheim 
klaus.reingruber@blueskywetter.at 
wolfgang.traunmueller@blueskywetter.at 
 
Gerald Steinmaurer 
Austria Solar Innovation Center 
Roseggerstrasse 12, 4600 Wels 
steinmaurer.gerald@asic.at 
 
Canada 
 
Sophie Pelland and Yves Poissant 
Natural Resources Canada 
CanmetENERGY 
1615 Lionel-Boulet Boulevard 
Varennes/J3X 1S6 
spelland@nrcan.gc.ca 
ypoissant@nrcan.gc.ca 
 
 
European Commission 
Thomas Huld and Attilio Gambardella 
European Commission - DG Joint  
     Research Centre 
Institute for Energy - Renewable Energy 
Unit 
I-21020 Ispra (VA), Italy 
thomas.huld@jrc.ec.europa.eu 
attilio.gambardella@irc.ec.europa.eu  
 
France 
Lucien Wald (Subtask B Leader) and Li-
onel Ménard 
Centre Energetique et Procedes 
MINES ParisTech / Armines 
BP 207 
F-06904 Sophia Antipolis cedex 
lucien.wald@mines-paristech.fr  
lionel.menard@mines-paristech.fr 

 
 
Dominique Dumortier 
LASH-ENTPE 
Rue Maurice Audin 
F-69518 Vaulx-en-Velin 
dominique.dumortier@entpe.fr 
 
Germany 
Prof. Dr. Hans Georg BEYER 
University of Agder 
Department of Engineering Sciences 
Grimstad, Norway 
hans-georg.beyer@uia.no 

 
Richard Meyer  
(Task Representative, SolarPACES) 
Suntrace GmbH 
Brandstwiete 46 
20457 Hamburg 
Richard.Meyer@suntrace.de  
 
Detlev Heinemann (Subtask C Leader) 
 and Elke Lorenz 
Carl von Ossietzky Universität Oldenburg 
D-26111 Oldenburg 
detlev.heinemann@uni-oldenburg.de  
elke.lorenz@uni-oldenburg.de 
 
Gerd Heilscher  
University of Applied Sciences 
Hochschule Ulm 
Eberhard Frinckh Str. 11 
D-89075 Ulm 
heilscher@hs-ulm.de 
 
Carsten Hoyer-Klick and Christoph  
     Schillings 
DLR Institut für Technische   
     Thermodanamik 
Pfaffenwaldring 38-40 
D-70503 Stuttgart 
carsten.hoyer@dlr.de 
christoph.schillings@dlr.de  
 
Marion Schroedter-Homscheidt 
DLR-DFD 
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D-82234 Wessling 
marion.schroedter-homscheidt@dlr.de) 
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TASK DESCRIPTION 
 
The objective of Task 39 is the assess-
ment of the applicability and the cost-
reduction potential by using polymeric 
materials and polymer based novel de-
signs of suitable solar thermal systems 
and to promote increased confidence in 
the use of these products by developing 
and applying appropriate methods for 
assessment of durability and reliability. 
These goals will be achieved by either 
less expensive materials or less expen-
sive manufacturing processes. 
 
The Task’s objectives will be achieved in 
the following Subtasks: 
 
Subtask A: Information (Norway) 
Subtask B:    Collectors  
Subtask C: Materials (Austria) 
 
Subtask A:  Information 
 
The objective of Subtask A is to collect, 
create and disseminate information 
about the application of polymeric mate-
rials in solar thermal systems and their 
figures or merits, especially in terms of 
cost/performance ratios for an accept-
able lifetime, in order to increase the 
penetration of good applications into the 
market. 
 
The production of a periodical newslet-
ter, targeted at the solar- and polymer 
industry, and the preparation and revi-
sion of an electronic or printed hand-
book on polymeric materials in solar 
thermal applications are to be main re-
sults of this Subtask.  
 
Activities 
 Updating of the state-of-the-art over-

view of existing applications of po-
lymeric materials in solar thermal 
systems and other relevant industry 
sectors.  

 Performance of two case studies, 
where a total cost accounting ap-
proach is adopted, for assessment of 

suitability of using polymeric materi-
als in solar thermal applications.  

 Investigation of standards, regula-
tions and guidelines with regard to 
the applications of polymeric materi-
als in solar thermal systems and 
building integration. 

 Extension of  the database consist-
ing of showcases where solar collec-
tors using mostly polymeric materials 
have been successfully integrated 
into the architecture. 

 Dissemination of information of the 
work and results in all Subtasks to a 
wide audience. 

 
These activities will be carried out in five 
projects: 

A1:   State of the art: polymeric  
 materials in solar thermal  
 applications 
A2:   Task force on total cost  
 accounting approach 
A3:   Task force on standards,  
 regulations and guidelines 
A4:   Database of successful  
 architectural integration 
A5:   Dissemination of information 

 
Subtask B:  Collectors 
 
Objectives 
Based on the results of the first phase of 
this subtask, the objectives for the ex-
tension phase are focused on the devel-
opment of:  
 new collectors, made completely or 

partly with polymeric materials, with 
a profitable cost of ownerships, 

 innovative concepts based on po-
lymeric materials (integrated collec-
tor storage, thermo-syphon systems) 
or adapted to specific requirements 
of polymeric collectors (overheating 
protection, pressure, etc.), and 

 other components of a solar thermal 
system (piping, fitting, storage, drain 
back vessel, etc) that could benefit 
from polymeric materials or proc-
esses. 
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Activities 
Based on the updated state-of-the-art 
from Subtask A, studies and develop-
ment of new collectors, systems and 
components will be produced in order to 
show the feasibility, performance, dura-
bility and cost savings.  
 
Subtask C:  Materials 
 
As shown in Phase I of Task 39, poly-
mer engineering and science offer great 
potential for new products in solar ther-
mal systems, which simultaneously fulfill 
technological and environmental objec-
tives as well as social needs. The major 
achievements within Phase I of task 39 
concerned the significant improvement 
in the long-term stability of an extruded 
polymer collector as well as the realiza-
tion of a polypropylene based modular 
storage tank. Furthermore, a variety of 
novel polymeric material grades and 
components for solar-thermal systems 
(e.g., spectrally selective coatings with 
improved performance and commercial 
availability, injection-molded installation 
board, extruded spacers for the fixing of 
an absorber in the collector frame, ther-
moformed casings for collectors based 
on polycarbonate blends, polymeric 
foams with enhanced service tempera-
ture) were realized.  
 
 

The final product performance, function-
ality, durability and costs not only de-
pend on the type of the polymeric mate-
rial used, but also on many other factors 
related to product design, processing 
and production. As evidenced in Phase I 
of Task 39, the different components in 
solar thermal systems have to fulfill a 
complex material property profile which 
can be provided only by multi-functional 
polymer compounds. The classical dif-
ferentiation between structural (load-
carrying) and functional polymeric mate-
rials is therefore not suitable in context 
with the application of plastics in solar 
thermal systems.     
 
Objectives  
 Further development and investiga-

tion of multi-functional polymeric ma-
terials for various components in so-
lar thermal systems considering dif-
ferent plant types and climate zones. 

 Evaluation of polymer processing 
methods for the production of 
specimen and components with spe-
cial focus up to the sub-component 
level (e.g., multi-layer films and 
sheets). Full components will be de-
veloped in Subtask B. 

 Development of testing and charac-
terization methods and modeling 
tools for the application-oriented as-
sessment of the performance and 
durability. 

SHC database of successful architectural integration 
http://www.iea-shc.org/task39/projects/default.aspx  
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Activities  
 Formulation of multi-functional po-

lymeric materials for various compo-
nents of solar thermal systems (e.g., 
absorber, insulation and frame of a 
collector, storage tank components). 
The considered polymeric material 
classes will include thermoplastics 
(i.e., melt processable materials), 
elastomers (i.e., chemically cross-
linked soft materials) and thermosets 
(i.e., chemically cross-linked stiff ma-
terials). 

 Compounding of polymeric materials 
considering a variety of functional 
fillers and additives allowing for im-
proved processability and enhanced 
performance. 

 Production of specimen and sub-
components by applying various 
mass production processing tech-
nologies (e.g., injection molding, 
compression molding, extrusion, 
coating technologies, lamination and 
joining technologies). 

 Establishment of a toolbox for the 
quality testing of polymeric materials 
for specific applications in solar 
thermal systems considering the 
various material states along the 
value creation chain. 

 Implementation and application of 
analytical and technical methods for 
the characterization of properties, 
long-term behaviour and relevant ag-
ing and degradation phenomena. 

 Establishment of micro-structure/ 
property/processing/performance re-
lationships. 

 
Duration 
 
The SHC Executive Committee agreed 
on a 4-year Task extension. The Task 
was initiated on October 1, 2006 and will 
be completed on September 30, 2014.  
 
Participating Countries 
 
Austria, France, Germany, Norway,  
Portugal, Sweden, Switzerland, United 
States 

ACTIVITIES DURING 2011 
 
Subtask A 
 
Project A4:  Database of Successful 
Architectural Integration 
A first version of the database showcas-
ing the successful integration of solar 
thermal energy systems into building 
architecture is now available on online, 
http://www.iea-shc.org/. To ensure that 
the database will be extended with more 
showcases over time, responsible 
national contacts were assigned from 
Austria, Canada, France, Germany, 
Israel, Norway, Portugal, Slovenia, 
Sweden. The work is coordinated by I. 
Skjelland of Aventa AS, Norway. 
 
Project A5:  Dissemination of  
Information 
The dissemination of information and 
results from Task 39 is an important part 
of Subtask A. It includes also a better 
dialog with new partners from industry 
and research, for example through open 
workshops and excursions during the 
Task meetings.  
 
The following were the dissemination 
activities in 2011: 
 General article on Task 39:  M.Köhl, 

M. Meir, 2011. Polymere Materialien 
für Solarthermische Systeme, EE-
Erneuerbare Energie 01/2011, pp. 4-
5, AEE Dachverband, Gleisdorf, 
Austria. 

 Task 39 Newsletter, Nr. 8. June 
2011: http://www.iea-
shc.org/task39/newsletters/index.ht
ml. 

 Task 39 Newsletter,  Nr. 9, Novem-
ber 2011: http://www.iea-
shc.org/task39/newsletters/index.ht
ml. 

 Guided tour of the National Institute 
of Chemistry laboratories,  

 11th Experts Meeting, Ljubljana, 
 Slovenia, May 2011. 
 Guided factory visit of Bosch Termo-

tecnologia's solar thermal collector 
production facility in Cacia – Task 
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Experts Meeting, Aveiro, Portugal, 
September 2011. 

 Abstract on Task 39 activities sub-
mitted to 22nd Symposium Ther-
mische Solarenergie, Bad Staffel-
stein, Germany, May 2012.  

 
Although the deliverable is delayed, sig-
nificant effort was made related to nego-
tiations for the Task 39 Handbook from 
Phase I (2006-2010). The final table of 
content was defined: 
 
PART l: "Solar Thermal Market" for 
Polymer Experts 
1  Principles 
2  Solar Thermal Market 
3  Solar Thermal Systems and  
 Technical Requirements 
4 Conventional Collectors, Heat 
 Stores, and Coating  
5 Thermal Loads on Collectors 
6  Standards, Performance Tests of  
 Solar Thermal Systems 
 
 
 
 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PART II: "Polymers" for Solar Thermal 
Experts 
7 Market 
8   Polymeric Materials 
9   Processing 
9.1.Structural Polymeric Materials 
9.2 Paint Coatings for Polymeric Sola 

Absorbers and their Applications 
10  Durablity for Solar Thermal  
 Application 
11  Properties (campus database) and 

material selection 
  
PART III: Polymeric Materials for Solar 
Thermal Applications 
12 State of the Art: Polymeric  
    Materials in Solar Thermal  
 Applications 
13 Specific Materials for Solar  
 Thermal Application 
13.1Multifunctional Structural  
  Materials 
13.2Thermotropic Layers 
13.3Application of POSS  
    Compounds 
14 Conceptual Design of Collectors 
15 Novel Collectors and Heat Stores 
16 Durability Tests of Polymeric  

Top: Architecture Meets 
Sustainability (Norway): 
Aventa's polymeric collector 
was presented at The 
National Museum – 
Architecture, May 6 – 
August 21, 2011, as part of  
the exhibition "SPOR 
Norwegian architecture 
2005-2010.”   
 
The aim of the exhibition 
was to communicate 
developing architectural 
qualities in Norway today, 
and to point out new trends 
of architecture making 
social impact. 
 
 
Bottom: The AventaSolar 
collector is part of the 
"Bjørnveien 119 
Dahle/Dahle/Breitenstein" 
presentation. 
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      Components 
17  Architecturally Appealing Solar 

Thermal Systems 
18  Obstacles for the Application of  
 Current Standards 
 
Subtask B 

Project B1: Collector  
Information on funded research projects 
during Phase II of Task 39 (2010-2014) 
is displayed in the Table in the Section 
Funded Projects. These activities will  
strengthen the activities of Subtask B. 
In addition to the polymeric collector 
concept by Aventa AS three new poly-
meric collector concepts and experi-
ences were presented by new partners 
at the Task 39 Meetings in Ljubljana and 
in Aveiro: 

 Aventa AS (Norway): All-plastics 
collectors with liquid-cooled ab-
sorber of high-temperature per-
formance polymers  

 Magen Eco Energy (Israel): All-
plastics collectors with liquid-
cooled absorber of commoditive 
polymers and overheat protec-
tion (might not continue partici-
pation in Task 39) 

 Enerconcept (Canada): Air-
collector; perforated façadecov-
ers for building integration 

 Polysolair (Germany): Air-
collector; modular unit, still in de-
velopment phase; 

 Design concepts and suitable 

production processes for a new 
generation of polymeric collec-
tors have been studied in Sub-
task B. 

 
Project B2: System 
Comparative energy monitoring of pres-
sure-less drain-back systems with poly-
meric collectors and conventional collec-
tors were tested at the outdoor facilities 
of AEE INTEC in Gleisdorf, Austria. 
 

Subtask C 
 
Project C1: Multi-Functional  
Polymeric Materials 
In Project C1 multi-functional polymeric 
materials for different components in 
polymeric solar thermal systems are as-
sessed and evaluated. Special attention 
is given to absorber materials for various 
stagnation temperature ranges, switch-
able glazing materials or absorber coat-
ings, polymeric foams or polymeric liner 
materials for storage tanks.  

      
 

Different collector concepts presented at the May 2011 Task 39 Meeting in Ljubljana, Slovenia 
and in the Task 39 Newsletter No. 9, June 2011 (Magen Eco Energy, Aventa, Enerconcept, 
Polysolair). 

 

 

Source: Milennium Energy Industries/AEE-INTEC 
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The following were the activities in 2011: 
 Development of novel black polyole-

fin grades for solar absorber applica-
tions as part of the project SolPol 
coordinated by JKU Linz (Austria). In 

this work the effect of various black 
pigments on optical and thermal 
properties of a PP copolymer have 
been investigated (Figure 1a). 

 New thermal insulation materials for 
solar thermal components are ev-
aluated at the Austrian Institute of 
Technology (Vienna) and the poten-
tial for solar thermal collectors and 
storages is studied. A thorough 
screening of existing and new ma-
terials is the basis for a detailed an-
alysis of the behaviour of insulations 
in real components (Figure 1b); 

 Smart Materials: Thermotropic glaz-
ings for overheating protection of 
polymeric collectors were investi-
gated by PCCL and the University of 
Leoben. The novel produced mterial 

formulations yield promising results 
for efficient overheating protection of 
solar thermal collectors (Figure 1c). 

 Multifunctional coatings: The ma-
terial aspects of coloured cool TISS 
paint coatings are reviewed by NIC 
(Ljubljana, Slovenia), focusing on 
cool pigments, metallic and metal-
lised flake pigments and polymeric 
resin binders used for the production 
of solar paint coatings on polymeric 
substrate  

     (Figure 1d). 
 

         
Figure 1a.  Micrograph of black-
pigmented polyolefin compounds    
developed within the project Sol-
Pol-2 at JKU Linz, Austria. 

Figure 1b.  Thermogravimetric an-
alysis of polyurethane foam thermal    
insulation at AIT, Vienna, Austria. 

             
Figure 1c.  Thermotropic layer in 
transparent and opaque state 
(PCCL, Leoben, Austria. 

Figure 1d.  Spectrally selective col-
oured TISS paint coatings, National 
Institute of Chemistry, Slovenia. 
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Project C3: Methods for Testing and 
Characterization of Polymeric        
Materials  
The properties and performance of 
polymeric materials and components are 
determined by their material structure 
and formulation, the processing routes 
and the loading conditions in the use 
phase. For the assessment of the ma-
terial quality and performance in solar 
thermal applications adapted and novel 
methods for quality assurance testing 
and long-term performance and dura-
bility testing will be developed and ev-
aluated in Project C3. 
 Non-destructive methods for testing 

polymeric samples after exposure to 
accelerated aging were developed at 
Fraunhofer ISE (Freiburg Germany): 
Raman spectroscopy, Raman mi-
croscopy and AFM measurements 
(Figure 2); 

 Accelerated aging of liner materials 
for storage tanks: The approach 
examined is based on micro-sized 
specimens with significantly reduced 
thickness and the exposure in heat 
carrier fluids and air at application- 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
relevant temperatures (SolPol pro-
ject; JKU Linz, Austria; Figure 3). 
 
 
PUBLICATIONS & PRESENTATIONS 
IN 2011 
 
Conferences and Seminars with  
contributions from Task 39 
 
ESTEC 2011, 5th European Solar Ther-
mal Energy Conference, 20-21 October 
2011, Marseille (France) 
 
Symposium "Kunststoff als 
Wachstumsmotor für die Solarthermie", 
Johannes Kepler University, Linz,  
Austria, July 06, 2011.  
 
21st Symposium Thermische Solaren-
ergie, Bad Staffelstein, Germany, May 
11 - 13, 2011.  
 
Solar Energy & Architecture - Know-
ledge and Inspiration (IEA-SHC Task 
41), NHO Conference Center, Oslo, 
Norway, April 01, 2011. 
 

 
 

 

 

 

 

!

!

!

Figure 2:  Non-destructive analysis methods, performed at Fraunhofer ISE:  
A) Raman spectra of PPS before and after UV/damp heat aging 
B) Raman micrographs of PPS-samples before (top) and after (bottom)  
 500 h UV exposure. 
C) AFM measurements: PPS-samples before (top) and after 500 h at 85 °C,       
 85% r.h. (bottom) 
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SMEThermal 2011 - Solar Thermal Ma-
terials, Equipment and Technology Con-
ference, Beletage - Conference Center 
Heinrich-Böll-Stiftung, Berlin, Germany, 
February 10, 2011. 
 
Articles about Task 39 
 
B. Epp, Fantastic plastics: revolution or 
devolution? Sun & Wind Energy  
Magazine, 4/2011, pp. 84-89, ISSN: 
1861-2741 74714. (article with interview) 
 
A. Lee, Solar Heating and Cooling 
Needs New Materials, Renewable En-
ergy World Magazine, 25.02.2011, ISSN 
1462-6381, online article.  (article  with 
interview) 
 
Publications in journals or  
conference proceedings 
Andreas Weber and Katharina Resch, 
2011. Thermotropic glazings for over-
heating protection applications, 6th En-
ergy Forum "Solar Building Skins", 
December 2011, pp. 73 - 77. 
 
Katharina Resch, Andreas Weber, 2011. 
Smart Windows - Smart Collectors. 
Entwicklung und Charakterisierung von 
Überhitzungsschutzverglasungen für 
Gebäudeverglasungen und thermische 
Solarkollektoren. Berg- und  
hüttenmännische Monatshefte BHM 156 
(2011) 11, S. 429 - 433. 
 
Christian Vachon, 2011. Perforated 
glazing technology for solar air heating 
and heat recovery applications: A new 
option for architects and builders, 
ESTEC 2011, 5th European Solar Ther-
mal Energy Conference, 20-21 October 
2011, Marseille (France). 
 
Stephan Fischer, 2011. Performance 
measurements on a parabolic trough 
collector mainly made out of polymeric 
materials, ESTEC 2011, 5th European 
Solar Thermal Energy Conference, 20-
21 October 2011, Marseille (France). 
 
 

Karl-Anders Weiß, 2011. Al-
terungsbeständigkeit von Kollektoren 
und Komponenten: Prüfungen in ver-
schiedenen Klimaregionen, 21st Sym-
posium Thermische Solarenergie, Bad 
Staffelstein, Germany, May 11 - 13, 
2011.  
 
Christoph Zauner, 2011. Thermophysi-
kalische und spektroskopische Metho-
den zur Analyse von Isolationsmateri-
alien für solarthermische Anwendungen, 
21st Symposium Thermische Solaren-
ergie, Bad Staffelstein, Germany, May 
11 - 13, 2011. 
 
Christoph Reiter, 2011. Simulations-
gestützte Analyse der Bauteiltemperatu-
ren für den Kunststoffeinsatz in 
Flachkollektoren, 21st Symposium 
Thermische Solarenergie, Bad  
Staffelstein, Germany, May 11 - 13, 
2011.  
 
R.W. Lang, G.M. Wallner, J. Fischer, H. 
Schobermayr, H. Kicker, M. Kurzböck, 
K. Grabmayer, 2011. Research on 
polymeric materials for solar energy 
technologies, Colloquium of Optical 
Spectrometry 2011, Berlin, Germany. 
 
I. Jerman, M. Mihelčič, D. Verhovšek, J. 
Kovač, B. Orel, 2011. Polyhedral  
oligomeric silsesquioxane trisilanols as  
pigment surface modifiers for fluoro 
polymer based Thickness Sensitive 
Spectrally Selective (TSSS) paint coat-
ings. Solar Energy Materials and Solar 
Cells (95) 2, pp. 423–431.  
 
Reinhold Lang, Gernot Wallner, Jörg 
Fischer, 2011. Solarthermische Systeme 
aus Polymerwerkstoffen, Erneuerbare 
Energie 2011-1, Ed. AEE-INTEC,  
Gleisdorf Austria. 
 
Michael Köhl, Michaela Meir, 2011. Po-
lymere Materialien für Solarthermische 
Systeme, EE-Erneuerbare Energie 
01/2011, pp. 4-5, AEE Dachverband, 
Gleisdorf, Austria 
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Presentations at conferences and 
seminars (from Task 39 Partners) 
 
Reinhold W. Lang, 2011. SolPol – eine 
wissenschaftsgetriebene österreichische 
Forschungsinitiative zu  
Polymerwerkstoffen für die Solartechnik, 
Symposium "Kunststoff als 
Wachstumsmotor für die Solarthermie", 
Johannes Kepler University, Linz,  
Austria, July 06, 2011.  
 
Katrin Zaß, 2011. Modulare Speicher 
aus Kunststoffen, Symposium 
"Kunststoff als Wachstumsmotor für die 
Solarthermie", Johannes Kepler  
University, Linz, Austria, July 06, 2011.  
 
Christian Fink, 2011. Betriebserfahrun-
gen mit drucklosen Solarthermie-
Systemen, Symposium "Kunststoff als 
Wachstumsmotor für die Solarthermie", 
Johannes Kepler University, Linz,  
Austria, July 06, 2011.  
 
David Nitsche, 2011. Entwicklung von 
Speichermaterialen, Symposium 
"Kunststoff als Wachstumsmotor für die 
Solarthermie", Johannes Kepler  
University, Linz, Austria, July 06, 2011.  
 
Michael Köhl, 2011. Task 39 – Poly-
mermaterialien für solarthermische An-
wendungen, Symposium "Kunststoff als 
Wachstumsmotor für die Solarthermie", 
Johannes Kepler University, Linz,  
Austria, July 06, 2011.  
 
Robert Hausner, 2011. Berechnung von 
Kunststoffkollektoren mit Überhitzungs-
schutz, Symposium "Kunststoff als 
Wachstumsmotor für die Solarthermie", 
Johannes Kepler University, Linz,  
Austria, July 06, 2011.  
 
Katharina Resch, 2011. Thermotrope 
Materialien für den Überhitzungsschutz, 
Symposium "Kunststoff als Wach-
stumsmotor für die Solarthermie", Jo-
hannes Kepler University, Linz, Austria, 
July 06, 2011. 
 

Michael Monsberger, 2011. Leistungs-
tests an Kunststoffkollektoren, Symposi-
um "Kunststoff als Wachstumsmotor für 
die Solarthermie", Johannes Kepler  
University, Linz, Austria, July 06, 2011. 
 
Gernot Wallner, 2011. Kunststoffe für 
Solarabsorber, Symposium "Kunststoff 
als Wachstumsmotor für die Solarther-
mie", Johannes Kepler University, Linz, 
Austria, July 06, 2011. 
 
Susanne Kahlen, 2011. Alterungsverhal-
ten von Kunststoffen, Symposium 
"Kunststoff als Wachstumsmotor für die 
Solarthermie", Johannes Kepler  
University, Linz, Austria, July 06, 2011. 
 
Michaela Meir, Entwicklung von Kunst-
stoffkollektoren in Norwegen, Symposi-
um "Kunststoff als Wachstumsmotor für 
die Solarthermie", Johannes Kepler  
University, Linz, Austria, July 06, 2011. 
 
Ingvild Skjelland, Termisk solenergi 
integrert i arkitekturen - Eksempler fra 
IEA-SHC Task 39, Solenergidagen May 
06, 2011, Norsk Solenergiforening,  
Universitetet, Oslo, Norway 
 
John Rekstad, "Prosjekter: Bjørnveien / 
OBOS / Fremtidsvisjoner", Solar Energy 
& Architecture - Knowledge and  
Inspiration (IEA-SHC Task 41), NHO 
Conference Center, Oslo, Norway, April 
1, 2011. 
 
John Rekstad, Els de Meersman et al., 
"Round table: Polymers for the solar 
thermal industry?", SMEThermal 2011 - 
Solar Thermal Materials, Equipment and 
Technology Conference,  
Beletage - Conference Center  
Heinrich-Böll-Stiftung, Berlin, Germany,  
February 10, 2011. 
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MEETINGS IN 2011 
 
11th Experts Meeting    
May 19 - 20  
Ljubljana, Slovenia 
 
32 experts participated in the meeting, 
among them experts from two new in-
dustrial companies from Canada and 
Israel.  
 
12th Experts Meeting 
September 19 - 21 
Aveiro, Portugal 
 
23 experts participated in the meeting, 
among them new industry participants 
from Brasil. Meeting included a guided 
factory visit of Bosch Termotecnologia's 
solar thermal collector production facility 
in Cacia – Aveiro. Representatives from 
Bosch Termotecnologia S.A. partici-
pated also in the Experts meeting.  
 
 
MEETINGS PLANNED FOR 2012 
 
13th Experts Meeting  
May 14 
Berlin, Germany  
Slovenia  
 
14th Experts Meeting  
October 15-17 
Gran Canaria, Spain (hosted by  
Fraunhofer ISE) 
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Funded Projects 
The table below shows an overview of funded projects of Task 39 Partners (status: March 

2012, http://www.iea-shc.org/task39/fundedprojects/). Results, which are open for 
dissemination will be presented in phase 2 of Task 39. 

 Project Period Funding agency Partner 
countries 

1 Poly2Facade – Innovative thermal self-regulating solar facades by means 
of functional polymers 

Coordinator: University of Leoben; Partners: PCCL, ÖFPZ Arsenal 
GesmbH, Forschungszentrum für integrales Bauwesen AG 

2012-15 Forschungsförderungsgesell-
schaft (FFG), Programmlinie 
Haus der Zukunft 

AT 

2 Untersuchungen zur Fertigungstechnik und Kollektorkonstruktion für 
Vollkunststoff-Kollektoren 

Partners: HAW Ingolstadt, Roth Werke GmbH 

2012-15 Bundesministerium für Um-
welt, Naturschutz und Reak-
torsicherheit 

DE 

3 SCOOP - Solar Collectors of Polymers  

Coordinator: Fraunhofer Institute for Solar Energy Systems - ISE 

Partners: http://eu-scoop.org/partners.html 

Website: http://eu-scoop.org/ 

2011-15 EU FP7-ENERGY-2011-1  DE, AT, 
FR, NO, 
CH 

4 Participation in Phase II of IEA-SHC Task 39 

Coordinator: JKU-Linz;   Partner: AEE-INTEC 

Subcontractors: AIT, PCCL, UIBK-EGEE  

2011-14 Bundesministerium für Ver-
kehr, Innovation und Techno-
logie; FFG 

AT 

5 ISOlar - Screening of insulation materials for solar thermal collectors and 
thermal storages and analysis of their long-term-properties  

Coordinator: Austrian Institute of Technology 

Partners: TiSUN GmbH, EuroFoam GmbH  

Website: http://www.ait.ac.at/~isolar 

2011-14 Österreichische Forschungs-
förderungsgesellschaft (Neue 
Energien 2020 - Programm)  

AT 

6 SILVER - Solar Energy in Living Environments 

Coordinator: Aventa AS; Partners: OBOS, University of Oslo, Linnæus 
University, CHCP, DSSK 

Website: http://www.forskningsradet.no/~silver 

2011-14 Research Council of Norway NO, SE, 
BE, FR 

7 PISA - Polymers in solar thermal applications 

University of Oslo: Leitung, Subtask A 

2011-14 Enova NO 

8 UNISOL - Sistema Solar Termico Universal  

Coordinator: Fabrica de Plasticos, Lda (Pt) 

Partners: Aveiro University, Oslo University, Aventa AS;  Website: 
http://projectos.adi.pt/actions/project?id=C16/2011/21507&search=global
&actionbean=actions/project 

2011-14 Portuguese Agency for De-
velopment and Innovation 

PT, NO 

9 POLYSOL - Development of a modular, all-POLYmer SOLarthermal 
collector for DHW preparation and space heating 

Coordinator: Energias Renovables Aplicadas S.L.  

Website and Partners: http://cordis.europa.eu/projects/rcn/98108_en.html 

2011-12 EU FP7-SME 

Research area: SME-1 

UK, DE, 
MK, ES 

http://www.iea-shc.org/task39/fundedprojects/
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10 Smart Windows-Smart Collectors  

Partners: PCCL, University of Leoben, A-P-C  

2010-13 Land Steiermark, Zu-
kunftsfonds Partners 

AT 

11 SOLPOL-1/2 - Solar Thermal Systems based on Polymeric Materials  

Coordinator: Johannes Kepler University - JKU  

Partners: http://www.solpol.at/partners 

Website: http://www.solpol.at/ 

2009-13 Klima- und Energiefonds. 
Management: Österreichi-
sche Forschungsförderungs-
gesellschaft 

AT 

12 Use of polymeric materials in solar collectors studied from a total cost 
perspective - Participation in IEA SHC Task 39 

Coordinator: Linnæus University; Partners: Aventa AS, University of 
Oslo 

2009-12 Swedish Energy  
Agency  

SE, NO 

13 PolySol2 – Polymeric materials for solar thermal applications  

Coordinator: CEA-INES 

2008-11 ADEME FR 

14 SolaireDuo – WP 1.2. Polymeric collectors 

Coordinator: Jacques Giordano Industries 

Partners: CEA-INES, Clipsol, Pôle Européen de Plasturgie, LPMM  

2009-11 ADEME, OSEO FR 

15 MULTIFUNCOAT-Multifunctional paint coatings for all-polymeric solar 
collectors  

Coordinator: National Institute of Chemistry ; Partners: Aventa, 
COLOR/HELIOS 

2007-11 Ministry Higher Education, 
Science and Technology; 
Research Council of Norway 

SI, NO 

16 Polymers in solar thermal systems 

Partners: HSR - SPF, EMS Chemie 

Website: http://www.bfe.admin.ch/forschungsolarwaerme/ 

2006-11 Bundesamt für Energie BFE CH 
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TASK 39 NATIONAL CONTACTS 
 
Operating Agent 
Michael Köhl 
Fraunhofer Institute for Solar Energy 
Systems ISE 
Dept. Thermal Systems and Buildings 
Heidenhofstr. 2,  
79110 Freiburg, GERMANY 
michael.koehl@ise.fraunhofer.de 
 
Austria 
Robert Hausner 
AEE - Institut für Nachhaltige Technolo-
gien 
Feldgasse 19 
A-8200 Gleisdorf 
r.hausner@aee.at 
http://www.aee-intec.at 
 
Christoph Zauner  
Austrian Institute for Technology 
Österreichisches Forschungs- und Prüf-
zentrum Arsenal Ges.m.b.H. 
Giefinggasse 2 
A-1210 Wien 
christoph.zauner@ ait.ac.at   
 
Katharina Resch 
Institute of Materials Science and Testing 
of Plastics at University of Leoben 
Franz-Josef-Straße 18  
A-8700 Leoben 
katharina.resch@unileoben.ac.at 
 
Gernot Wallner 
Johannes Kepler University Linz (JKU)  
Institute of Polymeric Materials and Test-
ing  
Science Park, Altenberger Strasse 69 
A-4040 Linz 
gernot.wallner@jku.at 
 
France 
Philippe Papillon 
CEA INES 
Recherche, Développement et Innova-
tion Industrielle, BP 332 
50, avenue du Lac Léman 
73377 Le Bourget du Lac 
philippe.papillon@cea.fr 
http://www.cea.fr/ 
http://www.ines-solaire.fr/ 

 
 
Germany 
Trinkl Christoph  
Fachhochschule Ingolstadt 
Kompetenzzentrum Solartechnik 
Esplanade 10 
D-85049 Ingolstadt 
trinkl@fh-ingolstadt.de> 
http://www.solartechnik-ingolstadt.de 
 
Helmut Vogel  
University of Applied Sciences  
     Osnabrück 
P.O. Box 1940  
D-49009 Osnabrück 
h.vogel@fh-osnabrück.de 
http://www.fh-osnabrueck.de/ 
 
Karl-Anders Weiss and Markus Heck  
Fraunhofer Institute ISE  
Dept. Thermal Systems and Buildings 
Heidenhofstr. 2,  
79110 Freiburg 
karl-anders.weiss@ise.fraunhofer.de  
markus.heck@ise.fraunhofer.de 
http://www.ise.fraunhofer.de 
 
Claudius Wilhelms and Klaus Vajen 
Universität Kassel 
Mönchebergstraße 19 
34109 Kassel 
wilhelms@uni-kassel.de 
vajen@uni-kassel.de 
www.uni-kassel.de 
 
Stephan Fischer 
University Stuttgart, ITW 
Pfaffenwaldring 6 
D-70550 Stuttgart, GERMANY 
fischer@itw-stuttgart.de 
ochs@uni.itw-stuttgart.de 
http://www.itw.uni-stuttgart.de 
 
Norway 
Michaela Meir and John Rekstad 
University of Oslo 
Department of Physics 
PO Box 1048, Blindern 
N-0316 Oslo 
mmeir@fys.uio.no 
john.rekstad@fys.uio.no 
http://www.physics.uio.no/energy 
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Portugal 
Clarisse Nunes and  
     Manuel Lopes Prates 
Instituto de Technologias Energeticas  
     Department de Energias Renovavaeis 
Estrada do Paço do Lumiar 22 
1649-038 Lisboa 
lopes.prates@ineti.pt 
http://www.ineti.pt 
 
Slovenia (observer) 
Boris Orel 
National Institute of Chemistry Slovenia 
Hajdrihova 19 
PO Box 660 
SI-1001 Ljubljana 
boris.orel@ki.si 
http://www.ki.si/  
 
Sweden 
Kenneth Moeller 
SP Swedish National Testing and  
Research Institute 
Box 857 
SE-501 15 Borås 
kenneth.moller@sp.se 
http://www.sp.se 
 
Bo Carlsson 
Linnaeus University   
School of Natural Science 
39182 Kalmar 
Bo.Carlsson@lnu.se 
 
Switzerland 
Stefan Brunold 
Institut für Solartechnik SPF 
Hochschule für Technik Rapperswil HSR 
Oberseestrasse 10 
CH-8640 Rapperswil 
stefan.brunold@solarenergy.ch 
http://www.solarenergy.ch 
 
 
 
 
 
 
 
 
 
 
 

United States 
Jay Burch 
NRELNational Center for Photovoltaics  
National Renewable Energy Laboratory  
1617 Cole Boulevard, MS-3214  
Golden, CO 80401  
jay.burch@nrel.gov 
 
Mike Rubio 
FAFCO 
435 Otterson Drive 
Chico, CA 95928-8207 
mrubio@fafco.com 
http://www.fafco.com/ 
 
Susan Mantell 
Department of Mechanical Engineering 
University of Minnesota 
111 Church St.SE, Rm 1100 
Minneapolis, MN 55455 
smantell@me.umn.edu 
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Task 40 
 

Towards Net Zero Energy Solar Buildings

.................................................................

Josef Ayoub 
CanmetENERGY 
Operating Agent for Natural Resources Canada



 

TASK DESCRIPTION 
 
Energy use in buildings worldwide ac-
counts for over 40% of primary energy use 
and 24% of greenhouse gas emissions.  
Energy use  and emissions include both 
direct, on site use of fossil-fuels and indi-
rect use from electricity, district heating / 
cooling systems and embodied energy in 
construction materials.  Several Interna-
tional Energy Agency (IEA) countries have 
adopted a vision of so-called ‘net zero 
energy buildings’ as long-term goal 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 en-
ergy’ building policies, programmes and 
industry adoption around the world. 
 
Objective 
The objective of this joint Task with the 
IEA ECBCS Programme (Annex 52) is to 
study current net-zero, near net-zero and 
very low energy buildings and to develop 
a common understanding, a harmonized 
international definitions framework, tools, 
innovative solutions and industry guide-
lines. A primary means of achieving this 
objective is to document and propose 
practical NZEB demonstration projects, 
with convincing architectural quality. 
These exemplars and the supporting 
sourcebook, guidelines and tools are 
viewed as keys to industry adoption. 
These projects aim to equalize their small 
annual energy needs, cost-effectively, 
through building integrated heating/cooling 

systems, power generation and interac-
tions with utilities.   
 
The Task will build upon recent industry 
experiences with net-zero and low energy 
solar buildings and the most recent devel-
opments in whole building integrated de-
sign and operation. The joint international 
research and demonstration activity will 
address concerns of comparability of per-
formance calculations between building 
types and communities for different cli-
mates in participating countries. The goal 
is solution sets that are attractive for broad 
industry adoption.  
 
Scope 
The scope includes major building types 
(residential and non-residential), new and 
existing, for the climatic zones repre-
sented by the participating countries. The 
work will be linked to national activities 
and will focus on individual buildings, clus-
ters of buildings and small settlements. 
The work will be based on analysis of ex-
isting examples that leads to the devel-
opment of innovative solutions to be in-
corporated into national demonstration 
buildings. 
 
The objectives shall be achieved in the 
following Subtasks. 
 
Subtask A:  Definitions & Implications  
(Subtask Leaders: Karsten Voss, 
Germany and Assunta Napolitano, Italy) 
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Activity A1:  NZEB definitions framework 
Activity A2:  Monitoring, verification and 
 compliance guide 
Activity A3:  Grid interactions 

The objective of Subtask A is to establish 
an internationally agreed understanding 
on NZEBs based on a common methodol-
ogy. The Participants shall achieve this 
objective by the following activities: 
• The review and analysis of existing 

NZEB definitions and data (site/source 
energy, emissions, exergy, costs, etc.) 
with respect to the demand and the 
supply side; 

• A study of grid interaction (power/ 
heating/cooling) and time dependent 
energy mismatch analysis. 

• The development of a harmonized 
international definition framework for 
the NZEB concept considering large-
scale implications, exergy and credits 
for grid interaction (power/heating 
/cooling). 

• The development of a monitoring, veri-
fication and compliance guide for 
checking the annual balance in  prac-
tice (energy, emissions and costs) 
harmonized with the definition. 
 

Subtask B:  Design Processes & Tools 
(Subtask Leaders: Adam Hirsch, Paul 
Torcellini USA and Andreas Athienitis, 
Canada) 
 
Activity B1:  Processes and tools 
Activity B2:  Pre-concept design,   
  feasibility tools 
Activity B3:  Tools guide and worked 
         examples 

Subtask B aims to identify and refine de-
sign approaches and tools to support in-
dustry adoption. The Participants shall 
achieve this objective by the following 
activities: 
• Documenting processes and tools 

currently being used to design NZEBs 
and under development by participat-
ing countries. 

• Assessing gaps, needs and problems, 
considering the work of Subtask A and 
Subtask C, and inform simulation en-
gine and detailed design tools devel-
opers of priorities for NZEBs. 

• The development and testing of design 
approaches and simplified NZEB tools 
or interfaces (e.g., spreadsheet or 
web-based method) linked to Subtask 
C Solution Sets to support integration 
of NZEB technologies and architecture 
at the early design stage. 
 

Subtask C:  Solution Sets (Design, En-
gineering, Technologies) 
(Subtask Leaders: Michael Donn, New 
Zealand and François Garde, France) 
 
Activity C1:  NZEB STC Database 
Activity C2:  Analysis Matrix 
Activity C3:  Research Analysis of Themes 
Undertaken 
Activity C4:  Subtask C Source Book 

The objectives of this Subtask are to de-
velop and test innovative, whole building 
net-zero solution sets for cold, moderate 
and hot climates with exemplary architec-
ture and technologies that would be the 
basis for demonstration projects and in-
ternational collaboration. The Participants 
shall achieve these objectives by the fol-
lowing activities: 
• Documenting and analyzing current 

NZEBs designs and technologies, 
benchmarking with near NZEBs and 
other very low energy buildings (new 
and existing), for cold, moderate and 
hot climates considering sustainability, 
economy and future prospects using a 
projects database, literature review 
and practitioner input (workshops). 

• Developing and assessing case stud-
ies and demonstration projects in 
close cooperation with practitioners. 

• Investigating advanced integrated de-
sign concepts and technologies in 
support of the case studies, demon-
stration projects and solution sets . 

• Developing NZEB solution sets and 
guidelines with respect to building 
types and climate and to document 
design options in terms of market ap-
plication and CO2 implications. 
 

Subtask D:  Dissemination & Outreach 
(Operating Agent and Subtask Leaders) 
 
Activity D1:  NZEB web page 
Activity D2:  Reports production, Source 
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 book(s): Vols. 1, 2 and 3 
Activity D3:  Education network for PhD 
 students and summer 
 schools 
Activity D4:  Outreach (conferences, 
 seminars, workshops etc.) 
 
The objective of the dissemination activity 
is to support knowledge transfer and mar-
ket adoption of NZEBs on a national and 
international level. Subtask leaders will be 
responsible for the coordination of the 
individual contributions of Subtask partici-
pants and for coordination with the other 
Subtasks where a combined output is 
planned. The Participants shall achieve 
the objectives by the following activities: 
• Establishing an NZEB web page, 

within the IEA SHC/ECBCS Pro-
grammes’ framework, and a database 
that can be expanded and updated 
with the latest projects and experi-
ences. 

• Producing a NZEB source book includ-
ing example buildings for investigated 
building types and climates. 

• Transferring the Task outputs to na-
tional policy groups, industry associa-
tions, utilities, academia and funding 
programs. 

• Establishing an education network, 
summer school and contributions to 
the Solar Decathlon and similar stu-
dent activities. 

• Workshops, articles and features in 
magazines to stimulate market adop-
tion.  

 
Duration 
This Task was initiated on October 1, 
2008 and remains in force until September 
30, 2013. 
 
Participating Countries 
Austria, Belgium, Canada, Finland, 
France, Germany, Italy, South Korea, New 
Zealand, Norway, Portugal, Singapore, 
Spain, Sweden, Switzerland,  
United States 
 
 
WORK DURING 2011 
 
Completed 13 technical Task papers sev-
eral of which were presented (oral and/or 

poster) at ASHARE conference in Las 
Vegas and others submitted to refereed 
journals.  Volume 1 of the source book, a 
deliverable of Subtask A on definitions 
work was published in German and an 
English translation of it was undertaken in 
2011. An English version was subse-
quently published in 2011. 
Subtasks work proceeding as per work 
plans.  
 
The PhD summer workshop on net-zero 
energy solar buildings (theory, modeling 
and design) was conducted in June 2011 
in Montreal, Canada, 
 
Initiated planning fort a 2nd PhD workshop 
to be hosted by France in the fall of 2012. 
 
Finalized Table of Contents for Volume 2 
and 3 of the source book. 
 
Held two-industry/public workshops in 
conjunction with SHC and ECBCS Execu-
tive Committee meetings. 
 
Continuing to strengthen links to industry 
by participating in the Buildings and initi-
ated discussions with Johnson Controls, 
potential new member. 
 
19 countries confirmed participation and 
National Experts seeded by both the 
ECBCS and SHC. Singapore is the new-
est member to join in 2011. 
 
Continually upgrading the Task File Shar-
ing System and the Task public website. 
 

 
WORK PLANNED FOR 2012 
 
2nd PhD summer workshop to be hosted 
by France at the l’Institut des Rechere-
ches Scientifique des Carsege, in con-
junction with the 8th Task Experts Meeting 
in the 3rd quarter of 2012. 
 
Finalize final drafts of the two technical 
reports from Subtask A. 
  
Complete the drafts of some chapters of 
Volumes 2 and 3 of the Source Book. 
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Continue to participate in public dissemi-
nation activities as opportunities arise. 
Conduct at least one Industry/public meet-
ings in conjunction with the 7th Experts 
Group Meeting in Naples in May. 
 
Continue the work on NetZEB definitions 
evaluation tool. 
 
Finalize the Task /Annex database dis-
play. 
 
Complete the technical report on Design 
Tools Benchmarking. 
 
Continue to update Task website. 
 
 
REPORTS PUBLISHED IN 2011 
 
There were 13 (#1-13) technical papers 
published delineating the work accom-
plished to date within the Task/Annex 
submitted to various sources (technical 
journals, referred conference papers, 
other) 
 
Subtask A 

1. “Load matching and grid interac-
tion” (J. Salome et.al.) 

 
Subtask B 

2. “Strategies for reducing peak de-
mand in net-zero energy solar 
homes” (J. Candanedo et. Al.) 

3. “Optimization of net-zero energy 
solar communities: effect of uncer-
tainty due to occupant factors” (S. 
Bucking et. al.)  

4. “Energy performance, comfort and 
lessons learned from a near-net 
zero energy solar house” (M. 
Dorion et.al.) 

5. “The redesign of an Italian building 
to reach net-zero energy perform-
ance: a cse study of the SHc Task 
40 – ECBCS Annex 52” (M. cellura 
et. al.) 

 
Subtask C 

6. “Towards net-zero energy build-
ings in hot climates: Part 1, new 
tools an methods” (F. Garde et. al.) 

7. “Towards net-zero energy build-

ings in hot climates: Part 2, Ex-
perimental feedback” (A. Lenoir et. 
al.) 

8. “Formulating a building climate 
classification method” (S. Corey et. 
al.) 

9. “User behaviour and energy per-
formances of net-zero energy 
buildings” (A. Lenoir et. al.) 

10. “Passive cooling approaches in 
net-0zero energy solar buildings: 
Lessons learned from demonstra-
tion buildings” (L. Aelenei et. al.) 

11. “Zero-energy buildings in France
 Overview and Feedback” (A. 
 Lenoir et. al) 
12. “Environmental design and per-

formance of the ENERPOS build-
ing, Reunion Island, France  (M. 
Franco et. al.) 

13. “Calibrating the impact of a photo-
voltaic thermal mechanical ventila-
tion heat recovery system on the 
delivery of net-zero energy hous-
ing in Scotland” (M. Noguchi et. 
al.) 

 
All of these papers are posted for free 
downloading from the Task website. 
http://www.iea-shc.org/task40/ 
 
Technical Reports in progress: 

1. “Survey of Current Practices for check-
ing balances in Net ZEB Projects” by 
Assunta Napolitano and Roberto 
Lollini.  A Report of Subtask A (A2).  
Draft form.   

2. “Zero Energy Building definition - A 
Literature Review” by Anna Joanna 
Marszal and Per Heiselberg. A Report 
of Subtask A (A1). ).  Final Draft form.   

 
 
MEETINGS IN 2011 
5th Experts Meeting 
April 4-6 
Golden, Colorado, USA 
 
6th Experts Meeting 
October 5-7 
Basel, Switzerland 
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MEETINGS PLANNED FOR 2012 
7th Experts Meeting 
May 8-11 
Naples, Italy 
 
8th Experts Meeting 
October 1-3 
Barcelona, Spain 
 
In conjunction with 2nd PhD Workshop 
September 25-29 
Carsège, Corsica, France 
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SHC TASK 40/ECBCS ANNEX 52 
NATIONAL CONTACTS 
 
Operating Agent 
Josef Ayoub 
Senior Planning Advisor, Energy S&T 
CanmetENERGY/Natural Resources 
Canada/ Government of Canada 
1615 Lionel-Boulet Blvd, P.O. Box 4800 
Varennes, Québec 
Canada J3X 1S6 
Phone: + (1) 450-652-1981   
Fax: + (1) 450- 652-5177  
josef.ayoub@rncan-nrcan.gc.ca 
Web: 
http://www.canmetenergy.nrcan.gc.ca 
 
Subtask A Leaders 
Assunta Napolitano 
EURAC Research 
Insitute for Renewable Energy 
Viale Druso n°1, 
39100 Bozen/Bolzano 
Italy  
Phone: +39 0471 055 651 
Fax +39 0471 055 699 
assunta.napolitano@eurac.edu 
 
Karsten Voss 
Bergische Universität Wuppertal 
Haspeler Straße 27 
42285 Wuppertal 
Germany 
Phone: 0049 (0)202 439 4094 
Fax: 0049 (0)202 439 4296 
kvoss@uni-wuppertal.de 
 
Subtask B Leaders 
Andreas Athienitis 
Concordia University (Solar Buildings Re-
search Network) 
1455 Maisonneuve W., Montreal 
Quebec, H3G1M8 
Canada 
Phone:  +1 514-848-2424 Ext. 8791 
Fax:  +1 514-848-7965 
aathieni@encs.concordia.ca 
 
 
 
 
 
 
 

Paul Torcellini 
National Renewable Energy Laboratory 
1617 Cole Blvd. 
Golden, Colorado  80401 -3305 
United States 
Phone:  +1 303-384-7528 
Fax:  +1 303-384-7540 
paul torcellini@nrel.gov 
 
Adam Hirsch   
National Renewable Energy Laboratory 
1617 Cole Blvd. 
Golden, Colorado 80401-3305 
United States 
Phone: + 303-384-7874fax 
Fax +: 303-384-7540 
adam.hirsch@nrel.gov  
 
Subtask C Leaders 
Michael Donn 
Centre for Building Performance  
      Research 
Victoria University 
PO Box 600 
Wellington  
New Zealand 
Phone: +6444636221 
Mobile: +6421611280 
michael.donn@vuw.ac.nz 
 
François Garde 
Université de la Réunion 
Faculty of Humanities and the         
 Environment 
Sciences Building and Environment  
15, avenue René Cassin 
Saint Denis, Ile de la Réunion, 97715 
France 
Phone: +262 (0)262 96 28 90 
Fax: +262 (0)262 96 28 99 
garde@univ-reunion.fr  
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Austria 
Karl Höfler and Sonja Geier 
Department for Sustainable Buildings 
AEE INTEC 
AEE Institute for Sustainable  
     Technologies 
Feldgasse 19 
A-8200 Gleisdorf 
k.hoefler@aee.at 
s.geier@aee.at 
http://www.aee-
intec.at/index.php?lang=en 
 
Werner Nussmüller 
Nussmüller Architekten ZT GmbH 
Zinzendorfg. 1 
8010 Graz 
buero@nussmueller.at  
http://www.nussmueller.at/aktuelles.php 
 
Belgium  
Roel De Coninck 
3E 
Quai à la Chaux 6 Kalkkaai,  
1000 Brussels 
roel.deconinck@3e.eu 
http://www.3e.be/index.php 
 
André  De Herde 
Université Catholique de Louvain 
Place du Levant, 1 
1348 Louvain-la-Neuve 
deherde@arch.ucl.ac.be  
http://www-climat.arch.ucl.ac.be 
 
Ralf Klein 
KaHo Sint-Lieven  
Gebroeders Desmetstraat 1 
9000 GENT 
ralf.klein@bwk.kuleuven.be 
http://www.kahosl.be/site/index.php?p=/en
/page/11/welcome-to-kaho-sintlieven/ 
 
Erwin Mlecnik 
Passiefhuis-Platform vzw 
Gitschotellei 138 
2600 Berchem 
erwin.mlecnik@passiefhuisplatform.be 
http://www.passiefhuisplatform.be/ 
 
 
 
 
 
 

Canada 
Andreas Athienitis 
Scientific Director  
NSERC Solar Buildings Research  
     Network Professor and Concordia Re-
search Chair Tier I  
Dept. of Building, Civil and  
     Environmental Engineering  
Concordia University 
1455 Maisonneuve W. 
Montreal, Québec  H3G 1M8 
 aathieni@encs.concordia.ca 
 http://www.solarbuildings.ca  
 
Véronique Delisle 
CanmetENERGY/Natural Resources          
 Canada/Government of Canada 
1615 Lionel-Boulet Blvd, P.O. Box 4800 
Varennes, Québec  J3X 1S6 
veronique.delisle@rncan-nrcan.gc.ca 
www.canmetenergy.nrcan.gc.ca 
 
Michel Tardif 
CanmetENERGY/Natural Resources    
 Canada/Government of Canada 
580 Booth Street 
Ottawa, Ontario K1A 0E4 
michel.tardif@rncan-nrcan.gc.ca 
http://www.canmetenergy.nrcan.gc.ca 
 
Denmark 
Per Heiselberg and Anna Marszal  
Aalborg University 
Department 6 - Department of Civil  
      Engineering 
Sohngårdsholms Vej 57 
9000 Aalborg 
ph@civil.aau.dk 
ajm@civil.aau.dk 
http://en.aau.dk/ 
http://www.zeb.aau.dk  
 
Søren Østergaard Jensen 
Danish Technological Institute 
Gregersen Vej 
2630 Taastrup 
soren.o.jensen@teknologisk.dk 
http://www.teknologik.dk/ 
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Kim B. Wittchen 
Danish Building Research Institute 
Aalborg University 
Dr. Neergaards Vej 15 
2970 Hørshom 
KBW@SBi.dk 
http://www.en.sbi.dk/ 
 
Finland 
Riikka Holopainen, Jyri Nieminen and 
 Sirje Vares 
VTT Technical Research Centre of  
     Finland 
P.O. Box 1000 
02044 Espoo 
jyri.nieminen@vtt.fi 
http://www.vtt.fi/index.jsp 
 
Ala Hasan and Mohamed H. Hamdy 
Department of Energy Technology 
School of Science and Technology 
Aalto University 
PO Box 14400 
FI-00076 Aalto 
ala.hasan@tkk.fi  
Mohamed.Hassan@tkk.fi   
http://hvac.tkk.fi/index uk.html 
 
France 
François Garde 
Campus universitaire Sud  
Université de la Réunion 
15 avenue René Cassin, BP 7151 
97715 Saint Denis Messag, Cedex 9 
garde@univ-reunion.fr 
http://www.univ-reunion.fr/index.html 
 
Germany 
Karsten Voss 
Bergische Universität Wuppertal 
Haspeler Straße 27 
42285 Wuppertal 
kvoss@uni-wuppertal.de 
http://www.btga.uni-wuppertal.de 
 
Italy 
Stefano Avesani, Roberto Lollini,  
     and Assunta Napolitano 
EURAC Research 
Insitute for Renewable Energy 
Viale Druso n°1, 
39100 Bozen/Bolzano 
stefano.avesani@eurac.edu 
roberto.lollini@eurac.edu  
assunta.napolitano@eurac.edu 

http://www.eurac.edu 
 
Alessandra Scognamiglio 
ENEA CR Portici 
P.le E. Fermi - 80055 Portici (Napoli) 
alessandra.scognamiglio@enea.it 
http://www.portici.enea.it/index2.html 
 
Valerio  Calderaro 
Università degli Studi di Roma  
 "La Sapienza"  
Piazzale Aldo Moro 5, 00185 Roma 
valerio.calderaro@uniroma1.it 
http://www.uniroma1.it/default e.php 
 
Salvatore Carlucci, Lorenzo Pagliano 
 and Paolo Zangheri 
Politecnico di Milano 
Energy Department - eERG end-use Effi-
ciency Research Group 
Via Lambruschini 4, 20156 Milano 
salvatore.carlucci@polimi.it 
lorenzo.pagliano@polimi.it 
http://www.energia.polimi.it/english/resear
ch/scheda gruppo.php?id=14 
 
Maurizio Cellura 
Universitá degli di studi Palermo 
Dipartimento di Ricerche Energetiche ed 
Ambientali (DREAM) 
V.le delle Scienze - Ed. 9 - 90128 Palermo 
mcellura@dream.unipa.it 
http://portale.unipa.it/home/dipartimenti/di
p energetic  
 
South Korea 
Gi Young Yang and Seungho Shin 
Research Institute of Construction  
     Technology 
Samsung C&T Corporation 
1321-20, Seocho2-dong, Seocho-Gu, 
Seoul 
pius.yang@samsung.com  
seungho.shin@samsung.com  
http://www.secc.co.kr/ 
 
Jun Tae Kim 
Dept. Architectural Engineering 
Kongju National University 
275 Budae-dong, Cheonan, Chungnam 
Province 
jtkim@kongju.ac.kr 
http://www.kongju.ac.kr/index.jsp 
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New Zealand 
Michael Donn  
Victoria University of Wellington School    
 of Architecture 
PO Box 600, 139 Vivian St., Wellington  
michael.donn@vuw.ac.nz 
http://www.victoria.ac.nz/home/ 
 
Norway 
Anna Grete Hestnes  
The Research Centre on Zero Emission   
 Buildings 
Faculty of Architecture and Fine Art 
Norwegian University of Science and 
 Technology - NTNU 
NO-7491 Trondheim 
annegrete.hestnes@ntnu.no 
http://www.sintef.no/projectweb/zeb 
 
Tor Helge Dokka and Igor Sartori 
NTNU/ SINTEF Building and  
     Infrastructure 
Forskningsveien 3 b 
P.O.Box 124 Blindern  
N-0314 Oslo 
torhelge.h.dokka@sintef.no 
igor.sartori@sintef.no 
http://www.sintef.no/Home/Building-and-
Infrastructure/ 
 
Harald N Røstvik 
Sivilarkitekt Harald N. Røstvik AS 
PB 806, 4004 Stavanger 
hnr@telnett.no 
http://www.sunlab.no/default.aspx 
 
Portugal 
Daniel Aelenei 
Campus da Caparica 
Department of Civil Engineering 
Faculty of Science and Technology 
Universidade Nova de Lisboa 
2829-516 Caparica 
aelenei@fct.unl.pt 
http://www.fct.unl.pt/  
 
Laura Aelenei 
Unidade de Energia no Ambiente  
     Construído - UEAC 
Laboratório Nacional de Energia e  
     Geologia - LNEG 
Estrada do Paço do Lumiar, Edifício  
     Solar XXI 
1649-038 Lisboa 
laura.aelenei@ineti.pt   

http://www.ineti.pt  
 
Helder Gonçalves 
Laboratório Nacional de Energia e  
     Geologia - LNEG  
Estrada do Paço do Lumiar, Edifício  
     Solar XXI 
1649-038 Lisboa 
helder.goncalves@LNEG.pt  
http://www.lneg.pt 
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TASK DESCRIPTION 
 
The main goals of the Task are to help 
achieving high quality architecture for 
buildings integrating solar energy sys-
tems, as well as improving the qualifica-
tions of the architects, their communica-
tions and interactions with engineers, 
manufactures and clients. Increased user 
acceptance of solar designs and tech-
nologies will accelerate the market pene-
tration. The overall benefit will be an in-
creased use of solar energy in buildings, 
thus reducing the non-renewable energy 
demand and greenhouse gas emissions.  
 
To achieve these goals, work is needed in 
three main topics: 
 

A. Architectural quality criteria; guide-
lines for architects by technology 
and application for new products 
development.  

B. Methods and tools for early stage 
evaluations and balancing of vari-
ous solar technologies integration.  

C. Integration concepts and exam-
ples, and derived guidelines for ar-
chitects.  

 
The first objective is to define general ar-
chitectural quality criteria and extract rec-
ommendations for solar components and 
systems, to support manufacturers in de-
veloping existing products as well as new 
products. Specific criteria for the architec-
tural integration of different solar energy 
components/systems will be developed in 
cooperation between architects, manufac-
turers, and other actors. New adapted 
products should result from this activity as 
well as appropriate ways to use them. 
 
The second objective concerns methods 
and tools to be used by architects at an 
early design stage, which need to be de-
veloped or improved. An example of such 
a tool can be how to visualize the solar 
energy concepts to show e.g. clients. Oth-
er examples can be tools needed to 
quantify and clearly illustrate the solar en-
ergy contribution and help balance the 
use of different active and passive solar 
technologies on the building envelope. 
 

The last objective is to provide good ex-
amples of architectural integration, in 
 
 
both existing projects that can be ana-
lysed and proposals for new projects. 
Buildings, installations and products will 
be included. Case studies will be an im-
portant basis to gain experience regarding 
the level of successful building integration, 
achieved solar energy contribution and to 
identify barriers related to e.g. technical 
and economical aspects and attitudes.  
 
Communication guidelines with facts and 
arguments for architects to help convince 
their clients to include solar energy sys-
tems will be produced. Arguments and 
facts related to architectural value, energy 
performance and life cycle costs are es-
sential. Here, the arguments and facts 
need to be tailored for different building 
types and owner/user structures. The re-
sults from the Task will also serve as a 
basis for teaching material that could be 
used in e.g. architecture schools. To 
communicate the value of solar energy 
designs and technologies, the Task will 
carry out seminars, workshops and pro-
duce articles in architectural magazines, 
etc. 
 
Scope 
 
The scope of the Task includes residential 
and non-residential buildings. Both new 
and existing buildings will be included, for 
the climatic zones represented by the par-
ticipating countries. Individual buildings as 
well as urban areas will be studied. In this 
way the potential impact of the Task can 
be large. Already cost-effective systems 
can, with a successful architectural inte-
gration, accelerate the market penetration. 
But also technologies not yet fully cost-
effective can benefit from the work to pave 
the way to successful integration and 
user/client acceptance, and make the 
coming market penetration smoother. The 
work will build upon past IEA Tasks and 
other research projects related to building 
integration of solar systems and develop-
ment of sustainable buildings. 
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The Task is organized in three Subtasks, 
derived from the above described objec-
tives and goals. The integration problems 
related to the different technologies (prod-
uct development, method of integration) 
are treated in subtask A. The balance is-
sues between the different types of solar 
gains, related to energy and cost impacts, 
are treated in subtask B. Finally the archi-
tectural integration issue is treated as a 
whole in subtask C, based on case stud-
ies. 
 
The objectives will be achieved by the 
Participants in the following Subtasks and 
activities: 
 
Subtask A: Criteria for Architectural 
Integration 
 
This Subtask focuses on architectural 
integration of active solar energy collec-
tors systems (solar thermal, PV and hy-
brids technologies) that offer an important 
potential for improvement regarding archi-
tectural integration. The objectives are to: 
 

• Establish and communicate archi-
tectural criteria for the integration 
of active solar energy systems in 
the building envelope.  

• Give recommendations to the in-
dustry to improve the architectural 
integration quality and flexibility of 

active solar products and systems 
(integrability). 

• Bring together architects and pro-
duct/system developers to under-
stand each other’s needs. 

• Educate/inform architects on inte-
gration characteristics for various 
technologies and on state of the 
art of innovative products. 

 
Results will consist of: 
 

 Survey on architects needs for an 
increased/better use of active solar 
in buildings and to help identify re-
lated barriers.  

 Document for architects that de-
scribes important architectural in-
tegration criteria for different cate-
gories of solar systems, with good 
examples.  

 Document for product and system 
developers that describes impor-
tant architectural integration design 
criteria for different categories of 
solar systems, with good exam-
ples. 

 Initiate collaborations for the de-
velopment of new prod-
ucts/systems (e.g., through local 
seminars in connection with Task 
meetings).  

 Dissemination of new knowledge 
to practicing architects and manu-
facturers through seminars. 

 Task web-site page listing and de-
scribing available innovative prod-
ucts.  

 
Subtask B: Methods and Tools 
 
This Subtask is focused on methods and 
tools for architects to use in the early de-
sign stage (EDS). The methods and tools 
should support EDS decisions and allow 
further development of the project at pre-
liminary design and construction phases. 
The use of the building envelope to 
achieve a good balance of both active and 
passive solar utilisation is a central con-
cern in this subtask and in the develop-
ment of methods and tools. The work in-
cludes producing material for the Com-
munication Guidelines (Subtask C).  
 

Well integrated vacuum collectors used 
as balcony rails on the residential 
building “Sunny Woods”.   
Architect: Beat Kämpfen Architects, 
Switzerland. 
 
Photo: EPFL-LESO, Switzerland 
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The objectives are to: 
 

 Achieve a comprehensive review 
of existing methods and tools 
(state-of-the-art) that architects 
currently use at EDS when design-
ing buildings that integrate ac-
tive/passive solar components.  

 Identify current barriers that pre-
vent architects from using the ex-
isting methods and tools for solar 
building design. 

 Identify important needs and crite-
ria for new or adapted methods 
and tools to support architectural 
design and integration of solar 
components at EDS.  

 Provide guidelines for developers 
of methods and tools for architects 
designing solar buildings. 

 Initiate communication with tool 
developers (industry) in order to 
stimulate the development of tools 
based on the guidelines written as 
a result of this Subtask. 

 In collaboration with Subtask C, 
collect output data, figures, illustra-
tions and facts produced by vari-
ous tools in demonstration pro-
jects, to be included in the Com-
munication Guidelines. 

 
Results will consist of: 
 

 State-of-the-art presenting existing 
methods and tools for architectural 
design and solar building design.  

 Survey on architects’ barriers, 
needs and criteria for new meth-
ods and tools to support architec-
tural design and integration of ac-
tive/passive solar components at 
EDS.  

 Recommendations for developers 
of tools to be used by architects at 
an early design stage.  

 Report; Solar design: Examples on 
the use of tools for architects. 

 Element libraries (method and ex-
amples) that could be used in de-
sign tools showing the visual im-
pact of various solar options. 

 Output material collected from ex-
isting tools used in demonstration 

projects to support the Communi-
cation Guidelines (with Subtask C).  

 Local seminars for invited archi-
tects in connection to Task meet-
ings. Regional/national seminars 
(with Subtask A, C). 

 

 
Subtask C: Concepts, Case Studies 
and Guidelines 
 
This Subtask is looking at concepts for 
architectural integration as well as case 
studies, with a whole building perspective. 
The Subtask also condenses the results 
into communication guidelines, with sup-
port from Subtasks A and B. 
 
The objectives of this Subtask are:  
 

 Develop concepts and principles 
for high quality architectural inte-
gration of solar systems, based on 
analyses of good examples 
through national and international 
architectural colloquiums and 
workshops. 

 Show good examples of buildings 
and concepts that utilize active and 
passive solar energy, achieving 
high quality architecture, sustain-
able solutions, attractive indoor 
climate, and high energy perform-
ance. The strategies should aim at 

The case study Marché International Support 
Office, Kemptthal, Switzerland applied a PV 
integrated in the roof and used PCM technol-
ogy in the façade.  
Architect: Beat Kämpfen Architects, Switzer-
land.  
 
Photo: Maria Wall, Sweden. 
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reducing the energy demand in 
buildings and increasing the frac-
tion of renewable energy use such 
as solar energy. 

 Develop knowledge and strategies 
to promote and implement high 
quality architecture using solar en-
ergy. 

 
Results will consist of: 
 

 Comprehensive collection and se-
lection of case studies of high 
quality architecture and energy ef-
ficient building designs including 
solar solutions for new build and 
renovation for various building 
types (housing, offices, schools, 
etc.).  

 Working method illustrated through 
selected examples of energy effi-
cient or sustainable urban planning 
(minor part).  

 Presentation of working methods, 
designs, solar energy potentials 
through exemplary buildings in 
communication guidelines, in an 
IEA SHC web page, articles, archi-
tecture magazines, and at semi-
nars for architects, engineers, 
component and system develop-
ers, clients, planners etc. The 
communication guidelines will in-
clude convincing arguments and 
facts with support from Subtask A 
and B. 

 
Task Duration 
 
This Task started on May 1, 2009 and will 
end April 30, 2012. 
 
Participating Countries 
 
Australia, Austria, Belgium, Canada, 
Denmark, Germany, Italy, Norway, Portu-
gal, Singapore, Spain, Sweden and Swit-
zerland.  
 
South Korea also is participating, while 
waiting to become a formal member of the 
IEA SHC Programme. See the list of the 
participants at the end. Updates on par-
ticipation and results from the Task will be  
 

available on the website:  
http://iea-shc.org/task41. 
 
 
WORK DURING 2011 
 
Two Task Expert meetings were held in 
2011; the 1st in Oslo, Norway in March 
and the 2nd in Melbourne, Australia in Sep-
tember. Both meetings were linked to pub-
lic seminars (one in Norway and two in 
Australia) presenting the work and results 
of the Task.  
 
Two reports based on the results from the 
surveys on barriers, needs and criteria 
were written (Subtask A and B). The re-
port from Subtask B, International Survey 
about Digital Tools Used By Architects for 
Solar Design can be downloaded from the 
IEA SHC website. The Subtask A report 
will be ready in early 2012. 
 
Also, elements illustrating solar compo-
nents have been developed to use in 
AutoCad and ArchiCad for illustrating 
various options of active solar integration 
into buildings. They are meant as exam-
ples, and hopefully in the future manufac-
turers will develop such elements for real 
products (including key data) that archi-
tects can then choose from in a library, to 
illustrate how their building will look with 
active components as building envelope 
cladding. Examples can be downloaded 
from a website. 
 
Guidelines for architects and for solar 
product and system developers respec-
tively, were developed as drafts (Subtask 
A). These guidelines are focused on the 
architectural integration criteria of solar 
products and include good integration. 
 
Proposed case studies have been col-
lected within Subtask C. More than 200 
proposals were collected. The process of 
selecting Task 41 case studies from the 
proposed ones was finalized. Selection 
criteria include architectural quality and 
energy performance. The detailed data 
collection for the selected case studies is 
ongoing and the case studies will be avail-
able via the Task website. 
 

http://www.iea-shc.org
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One additional country became a partici-
pant in 2011: Singapore.  
 
 
WORK PLANNED FOR 2012 
 
Since the Task ends in 2012, many deliv-
erables will be finalized. 
 
Key activities planned for 2012 include: 
 

 Finalize a report based on the sur-
vey on architects’ barriers, needs 
and criteria related to architectural 
integration of solar systems (Sub-
task A). 

 Finalize guidelines for architects 
that describe important architec-
tural integration criteria for different 
categories of solar systems, with 
good examples (Subtask A). 

 Finalize guidelines for product and 
system developers that describe 
important architectural integration 
design criteria for different catego-
ries of solar systems, with good 
examples (Subtask A). 

 Finalize a list of available innova-
tive products for integrated solar 
systems and put on a website 
(Subtask A). 

 Finalize recommendations for tool 
developers related to architectural 
needs (Subtask B). 

 Finalize document on solar design: 
Examples on the use of tools for 
architects. 

 Collect data on selected case stud-
ies and finalize the presentations 
on the website (Subtask C). 

 Finalize the Communication 
Guidelines (Subtask C). 

 
 
TASK REPORTS/RESULTS PUBLISHED 
IN 2011 
 

 Horvat M, Dubois MC, Snow M, 
Wall M (eds.). International survey 
about digital tools used by archi-
tects for solar design. IEA SHC 
Task 41, Subtask B; 2011. Down-
load at: 
http://www.iea-shc.org/  
publications/task.aspx?Task=41. 

 Zanetti I, Nagel K. CAAD 3D pa-
rametric objects; examples of solar 
components. On website: 
www.bipv.ch/index.php?option=co
c_content&view=article&id=338&It
emiI=306&lang=en  
 
 

OTHER PUBLICATIONS AND 
PRESENTATIONS IN 2011 (examples) 
 

 Amtmann M., Lechner A., Mach T., 
Selke T., Article in the professional 
magazine “Wettbewerbe”, Sep-
tember 2011 “Analysis and as-
sessment of energetic, economic 
and architectural quality of urban 
solar energy buildings“. 

 Amtmann M., Oral presentation of 
the national project “Urban solar 
energy” and intermediate results of 
the IEA Task 41 project at the 9th 
Photovoltaic Conference in Vi-
enna, 20th-21st October 2011. 

 Bornatico R., Pfeiffer M., Witzig, A. 
& Guzzella L. (2011). Optimal siz-
ing of a solar thermal building in-
stallation using particle swarm op-
timization. In Energy, doi:10.1016/ 
j.energy.2011.05.026. 

 Dubois, M.-C., Horvat, M. & 
Kanters, J. (2011). Tools and 
methods used by architects for so-
lar design: results of an interna-
tional survey in 14 countries, In 
Proceedings of CISBAT 2011 Con-
ference, Lausanne, Switzerland, 
Sept. 14-16. Book of abstracts p. 
178 and paper published on CD-
rom. 

 Edelman, M., Roecker C-, Munari 
Probst MC., Witzig A. & Foradini F, 
(2011). Lesosai wizard: a new 
building energy tool for architects, 
Plea 2011, Louvain La Neuve, Bel-
gium, July 2011. 

 ENEA (2011). Forms of Energy. In 
proceedings of the 26th European 
Photovoltaic Solar Energy Confer-
ence, in Hamburg, Germany.  

 Frontini, F. (2011). Innovation 
School – ENERBUILD 2011: Verso 
edifici produttivi e a basso con-
sumo energetico. Oral presenta-
tion: Integrazione di tecnologie so-
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http://www.iea-shc.org/
http://www.bipv.ch/index.php?option=co


 

SHC Task 41: Solar Energy & Architecture 
www.iea-shc.org 

 

lari nell’involucro edilizio: BIPV e 
BIST (Building Integrated Photo-
voltaics and Solar Thermal), At 
Klima Energy, Fiera di Bolzano. 23 
September 2011. 

 Geissler S., Amtmann M., Barth T., 
Article in the BAU Z Conference 
transcript: “Potentials of solar en-
ergy use in the urban context”, 
IBO, February 2011 

 Geissler S., Amtmann M., Barth T., 
Oral presentation of the national 
project “Urban solar energy” with a 
short description of the IEA Task 
41 project at the BAU Z congress 
in Vienna, 17th – 18th February 
2011 

 Giovanardi A., Lollini R. & Baggio 
P. (2011). "Analysis of solar ther-
mal collector integration in facade 
system". Published in proceedings 
of the 6th Energy Forum Seminar 
for the building actors, in connec-
tion with the Task 41 meeting. 
2011, Bressanone, Italy, 6-7 De-
cember 2011. 

 Korolkow, M., Horvat, M., Dubois, 
M-C, Kanters J. & Bouffard, E. 
(2011). Tools and Methods for So-
lar Building Design: Results of IEA 
Task 41 International Survey, ISES 
Solar World Congress 2011, Kas-
sel, August 28th – September 2nd, 
Paper Nr. 191. 

 Maturi L., Lollini R., Baldracchi P., 
Sparber W. (2011). “Building skin 
as electricity source: the prototype 
of a wooden BIPV façade compo-
nent”. Published in the proceed-
ings of the 26th European Photo-
voltaic Solar Energy Conference 
and Exhibition, organized by Euro-
pean Commission JRC and WIP 
Renewable Energies, Hamburg, 5-
9 September 2011. 

 Munari Probst, MC., & Roecker, C. 
(2011) “Architectural integration 
and design of solar thermal sys-
tems”, 173 pages, EPFL Press, 
Routledge/Architecture, Lausanne. 

 Munari Probst MC. & Roecker, C. 
(2011). Urban acceptability of 
building integrated solar systems: 
LESO-QSV approach. In proceed-
ings of ISES 2011, Kassel, Ger-

many, 28th August - 2nd Septem-
ber 2011. 

 Munari Probst MC. & Roecker, C. 
(2011). Architectural integrability of 
solar thermal systems: present and 
future. At Energy Forum, Bressa-
none, Italy, 4th -5th December 
2011. 

 Amado M.P. & Poggi, F. (2011). 
Oeiras Masterplan: A Methodology 
to Approach Urban Design to Sus-
tainable Development. In Proceed-
ings CISBAT, Lausanne, 2011. 

 Kanters, J. (2011). Arkitektoniska 
hinder för solarkitektur (Architec-
tural barriers for solar architec-
ture). In Energi & Miljö; March 
2011, Sweden. 

 Kanters, J. (2011). Adequacy of 
current design tools and methods 
for solar architecture – results of 
IEA-SHC Task 41’s international 
survey, In Proceedings of PLEA 
2011 - 27th Conference on Pas-
sive and Low Energy Buildings, 
Louvain-la-Neuve, Belgium, 13-15 
July, 2011, Vol.2, 65-70. 

 Korolkow, M., Horvat, M., Dubois, 
M.-C., Kanters, J. & Bouffard. É., 
(2011), Tools and methods for so-
lar building design: results of IEA 
Task 41 international survey, in 
ISES Solar World Congress 2011 
Proceedings, (DVD, ISBN 978-3-
9814659-0-7), Kassel, Germany, 
28th Aug.- 2nd Sept, 2011. 

 Mach T., Heimrath R., Selke T., 
Stift F., Grünewald S., Lechner A., 
Article in the conference transcript 
of the OTTI symposium: “Active 
solar thermal systems in the refur-
bishment of historical buildings”, 
May 2011. 

 
 
SEMINARS AND WORKSHOPS IN 2011 
(examples) 
 

 “Solar Energy & Architecture - 
Knowledge and Inspiration”. 1st of 
April 2011. Oslo, Norway. Seminar 
hosted by Dark Arkitekter, Schuco, 
Context, NTNU. In connection to 
Task 41 meeting. 
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 “International Best Practice and 
the International Energy Agency”. 
Melbourne Forum Seminar: Solar 
Energy and Architecture. 28th of 
September, 2011. Hosted by Mel-
bourne Forum. In connection to 
Task 41 meeting. 

 “Latest International Solar Tech-
nologies for Buildings Seminar“. 
IEA SHC & Australian PV Associa-
tion (APVA). 29th of September 
2011. Hosted by Australian Gov-
ernment and Sustainability Vic-
toria. In connection to Task 41 
meeting. 

 “Da un concetto ad un risultato 
concreto: edifici a risparmio ener-
getico e produttivi, che integrano 
fonti energetiche rinnovabili”, 
EURAC, in the context of Klimaen-
ergy fair 2011, 23/9/2011, Bolzano, 
Italy.  

 CRSEEL 2011; Conference on 
sustainable construction including 
solar technologies. At the Univer-
sity Campus, Caparica, Portugal. 
Organized by FCT/UNL et al. 
(http://www.conferencia2011crseel
.com/).  

 “Architectural integration of PV and 
solar thermal panels – best prac-
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2011. Organized by AIT (Austrian 
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office POS architects, WWFF. 

 “Modern - Construction Work-
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Estate Agents) and GBV (Austrian 
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 Arkitektur & Solenergi – IEA SHC 
Task 41. Public seminar present-
ing the Task 41 work. Organized 
by White Arkitekter et al. Stock-
holm, 17th of November, 2011. 

 
 
 
 
 
 

MEETINGS IN 2011 
 
5th Experts Meeting   
March 29-31 
April 1: Seminar in English/Norwegian 
Oslo, Norway 
 
6th Experts Meeting  
September 26-28 
Sept. 28 and Sept 29: two seminars 
Melbourne, Australia 
 
Extra meeting (a subgroup) 
February 16 
Copenhagen, Denmark 
Objective: to identify development needs 
related to solar energy integration in urban 
planning; what could be included in Task 
41 and what could be issues for a new 
Task.  
 
 
MEETINGS PLANNED FOR 2012 
 
7th (final) Experts Meeting 
March 27-29 
March 30: Conference in English 
Lisbon, Portugal 
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TASK DESCRIPTION 
 
The objective of this Task is to 
develop advanced materials for 
compact storage systems, suit-
able not only for solar thermal 
systems, but also for other re-
newable heating and cooling ap-
plications such as solar cooling, 
micro-cogeneration, biomass, or 
heat pumps. The Task covers 
phase change materials, thermo-
chemical and sorption materials, 
and composite materials and 
nanostructures, and includes ac-
tivities such as material devel-
opment, analysis, and engineer-
ing, numerical modeling of mate-
rials and systems, development 
of storage components and sys-
tems, and development of stan-
dards and test methods. The 
main added value of this Task is 
to combine the knowledge of ex-
perts from materials science as well as 
solar/renewable heating and energy con-
servation.  
 
This Task deals with advanced materials 
for latent and chemical thermal energy 
storage, on three different scales: 

 material scale, focused on the be-
havior of materials from the mo-
lecular to the ‘few particles’ scale, 
including for example, material 
synthesis, micro-scale mass trans-
port, and sorption reactions; 

 bulk scale, focused on bulk behav-
ior of materials and the perform-
ance of the storage in itself, includ-
ing for example, heat, mass, and 
vapor transport, wall-wall and wall-
material interactions, and reactor 
design; and 

 system scale, focused on the per-
formance of a storage with in a 
heating or cooling system, includ-
ing for exaomle, economical feasi-
bility studies, case studies, and 
system tests. 

 
 

 
 
 

 

 
 
The work in the Task is structured in mate-
rials oriented, application oriented and 
cross-cutting working groups.  
 
Subtask A – Materials 
 
Working Group A1: Material  
Engineering and Processing 
The activities in this Working Group focus 
on engineering new materials or compo-
sites, i.e. changing the properties of exist-
ing materials and developing new materi-
als with better performance, lower cost, 
and improved stability. Eventually, this 
should lead to the ability to design new 
materials tailor-made to specification. The 
materials under consideration are those 
relevant to thermal energy storage using 
sensible mode, phase change, as well as 
chemical reactions and sorption technolo-
gies.  
 
With respect to materials processing, the 
work focuses on the processing of raw 
materials that is required to make these 
materials function in a realistic envi-
ronment. In nearly all cases, storage ma-
terial cannot be used to store heat in its 
raw form, but needs to be processed into 

http://www.iea-shc.org


SHC Task 42: Compact Thermal Energy Storage 
www.iea-shc.org 

 

a slurry, encapsulated, or otherwise pro-
cessed. 
 
This Working Group includes the following 
activities: 

 synthesis of new materials; 
 determining material characterist-

ics such as phase diagrams; 
 determining the relation between 

material performance and material 
structure and composition, in order 
to direct the search for improved 
materials; 

 creating material safety data 
sheets; 

 determining the role and import-
ance of material containers. 

• finding optimal methods for micro- 
and macro encapsulation of stor-
age materials (particularly phase 
change, sorption, and thermo-
chemical materials); 

• processing phase-change slurries; 
and  

• finding new combinations of ma-
terials. 

 
Working Group A2: Tests and  
Characterisation 
The performance characteristics of novel 
thermal energy storage materials, like 
phase-change materials or thermochemi-
cal materials, often cannot be determined 
as straightforward as with sensible heat 
storage materials. In order to have proper 
comparison possibilities appropriate test-
ing and characterisation procedures 
should be developed and assessed.  
 
The activities of this Working Group are 
aimed at developing these new proced-
ures and include: 

 comparative testing of materials 
and their required methods; 

 long-term stability determination; 
and 

 (pre-)standardisation of testing 
methods. 

 
Working Group A3: Numerical  
Modelling 
The activities in this working group are 
aimed at developing and testing numerical 
models that help to understand and opti-
mise the material behaviour and the dy-

namic behaviour of compact thermal en-
ergy storage systems and components. 
Ultimately, these numerical models could 
help to find ways to optimise the materials 
in combination with the system compo-
nents. The activities in this working group 
help to lay the foundation for such models. 
 
The Working Group includes the following 
activities: 

 Micro-scale modelling 
 Meso-scale modelling 
 Macro-scale modelling 
 Multi-scale approach 
 Thermo-mechanical modelling 
 Reactor models 

 
Working Group A4: Apparatus/ Com-
ponents 
The storage apparatus is composed of the 
storage material and the equipment ne-
cessary to charge and discharge the stor-
age material in a controlled and optimal 
way. This includes heat and mass transfer 
equipment like heat exchangers and 
pumps or fans and (chemical) reactors. 
Methods for the design and optimisation of 
components and apparatus should be de-
veloped, together with appropriate testing 
methods and procedures to assess the 
long-term behaviour of an apparatus: 

 storage container and reactor de-
sign; 

 storage apparatus design, based 
on the selected storage materials; 

 improve heat transfer from material 
to reactor wall or heat exchanger 
wall; 

 apparatus performance assess-
ment;  

 assessment of durability of com-
ponents; and 

 develop and apply test and valida-
tion methods for storages. 

 
Subtask B – Applications 
 
There are several applications for compact 
thermal energy storage technologies, 
each with a different set of boundary con-
ditions for the technology. Although the 
applications themselves place very differ-
ent requirements on storage technology, 
the steps that must be taken are very simi-
lar for all applications. Hence, the activities 

http://www.iea-shc.org


SHC Task 42: Compact Thermal Energy Storage 
www.iea-shc.org 

 

within the Working Groups in this Subtask 
are very similar as well.  
 
The activities in these Working Groups 
serve the underlying guidance principle of 
the materials development within the limi-
tations of the application. The materials 
development will be directed by the de-
sired system performance. A constant as-
sessment of performance criteria for a 
given application will be used to determine 
the chances for a given material/system 
combination. These criteria can come from 
economic, environmental, production 
technology or market considerations. 
 
Activities in the Application Working 
Groups include: 

 inventory and analysis of  existing 
store types, their theoretical and 
practical energy and power den-
sity, their possible application and 
their costs (if available) following 
the results of IEA SHC Task 32 
and IEA-ECES Tasks; 

 definition of application boundary 
conditions, such as load, demand, 
environment, dimensions, etc.; 

 definition of required thermophysi-
cal properties for each application; 

 selection of relevant candidate ma-
terials and system technologies; 

 storage system design, based on 
the selected storage materials (link 
to A2) and applications; 

 assessment of durability of com-
ponents  

 system performance assessment 
and validation; 

 numerical modelling on the appli-
cation level; 

 case studies; 
 economical modelling; 
 feasibility studies; 
 market potential evaluations. 

 
This subtask is subdivided in three Work-
ing Groups, each representing a particular 
application or group of similar applications: 
 

• Working Group B1: Cooling 
• Working Group B2: Heating / DHW 
• Working Group B3: High Tempera-

ture Applications 
 

Subtask C – Cross-Cutting 
 
Working Group C: Theoretical  
Limits 
The objective of this Working Group is to 
determine the theoretical limits of compact 
thermal storage materials and systems 
from a physical, technical and economical 
viewpoint. In short, this Working Group 
defines the maximum possible perform-
ance that can be expected from a thermal 
storage system in a given application. As 
such, it gives a reference point with which 
the performance of lab tests, field tests, 
and real-life systems can be compared. In 
a first step physical limits shall be deter-
mined, e.g. the energy stored per volume 
and per mass as a function of tempera-
ture, with respect to different mechanisms 
as sensible, latent, sorption or chemical 
storage. In a second step technical as-
pects shall be evaluated. In many cases 
the energy storage density and the effi-
ciency of the system are deteriorated 
when a large specific thermal power must 
be drawn from the system. In a third step 
economical constraints of storage systems 
shall be evaluated.     
 
Duration 
 
This is a fully Joint Task with the IEA En-
ergy Conservation through Energy Stor-
age Programme (ECES Annex 24).  The 
Task started on January 1, 2009 and will 
end on December 31, 2012. 
 
Participating Countries 
 
Australia, Austria, Belgium, Canada, 
Denmark, France, Germany, Italy, Nether-
lands, Slovenia, Spain, Sweden, Switzer-
land, Turkey, United Kingdom and United 
States 
 
 
WORK DURING 2011 
 
The Task activities in the subsequent 
working groups were as follows: 
 
Materials engineering and processing: 
the decision was made to extend the ma-
terials database to economic data and en-
vironmental issues. The material data of 
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sensible TES materials will also be in-
cluded. As the performance data of the 
material are very much dependent on the 
application, much attention will be paid to 
the inclusion of the boundary conditions 
for the determination of the performance 
data, in order to enable a fair comparison 
between storage materials. New national 
activities were started on solid-solid 
PCMs, molecular alloys based on sugar 
alcohols, Cellulosis-PCM, Zeolite/MgSO4 
and others.  
 
Materials testing and characterisation: 
Further results from the round-robin test of 
different PCM samples were assembled 
and compared with the previous out-
comes. In a dedicated DSC measuring 
workshop, organised in May 2011, a 
group of 12 experts used DSC machines 
from a number of suppliers both to train 
themselves in performing DSC analysis 
and to compare the measurements on a 
number of samples. Striking differences 
were found between the measurements. 
The causes for these differences were in-
vestigated and methods for improvement 
were set up. These encompass both a uni-
fied measurement procedure and a unified 
calibration procedure. These will be tested 
in the coming period. Meanwhile, the 
round-robin tests will be continued with 
additional sample materials.  
 
Numerical modelling: Progress was 
made in the development of dedicated 
numerical models, using the reaction force 
approach, to simulate the dehydration of 
magnesium sulphate. The deliverable on 
the state of the art in numerical modelling 
software will be completed with descrip-
tions of numerical simulation methods for 
sorption materials. The first experimental 
data were collected that will be used for 
benchmarking the numerical codes. In 
total, 9 institutes will provide experimental 
data, with possible 3 additional institutes 
that did not confirm the provision of data 
yet.  
 
Apparatus and components: The deliv-
erable on storage design aspects and de-
sign flow charts is planned to be ready 
early 2012. The individual design process 
descriptions will be worked out further, as 

will the storage design aspects descrip-
tion. 
The table of contents of the deliverable on 
Performance Measurement Test Protocol 
was deepened one step and the second 
draft will be reviewed in the coming period. 
 
Cooling applications: A setup was made 
for the evaluation criteria of storage ma-
terials for cooling applications. The table 
of contents for the report on boundary 
conditions for cooling applications was 
drafted and two sets of boundary condi-
tions for two cooling applications were dis-
cussed.  
 
Heating and domestic hot water appli-
cations: As the different project that work 
on prototypes for this application have 
serious delay, the list of deliverables for 
this working group was reviewed. It was 
concluded that the case studies for sev-
eral applications, the techno-economical 
potential for each application, and the field 
tests could not be achieved in the Task 
period and therefore were skipped. 
 
High Temperature Applications: Two 
State-of-the-art-reports will be compiled: 
One on high temperature applications 
based on the final report of Annex 19 
(ECES) and the other on numerical model-
ling in high temperature applications. The 
report on lab-scale activities on process 
heat applications at 200°C and field test 
on CSP (Concentrated Solar Power) ap-
plications will follow. The reports are ready 
in draft now and will be published early 
2012. 
 
Theoretical limits: A study into the phys-
ical limits of thermal storage was drafted 
and discussed. Storage design variants 
were discussed and improved. This cate-
gories will be included in the report on 
theoretical limits. The suggestion to utilize 
analytical models to assess critical pa-
rameters in idealized TES (PCM, sorption 
and chemical reactions) was accepted.  
 
 
WORK PLANNED FOR 2012 
 
Key activities planned for 2012  
include: 
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 First version of materials data 
base. 

 Round-robin and comparison of 
characterization of compact stor-
age materials completed and drafts 
defined for calibration and meas-
urement procedures. 

 Report on the state-of-the-art 
modeling techniques of PCM/TCM 
materials.  

 Report on storage design aspects 
and design flow charts. 

 Description and performance 
analysis of selected cooling appli-
cations 

 Listing of boundary conditions and 
requirements for the room heating 
and domestic hot water application 
area 

 Report on state of the art of high 
temperature storage applications 

 Proposal for the completion of the 
first 4 years of this Task and a pro-
posal for a 3 year extenstion 
(2013-2015) of the Task. 

 
 
REPORTS PUBLISHED IN 2011 
 
No reports were published. 
 
 
REPORTS PLANNED FOR 2012 
 
Report on the state-of-the-art modeling 
techniques of PCM/TCM materials 
 
Report on storage design aspects and de-
sign flow charts 
 
Report on state of the art of high tempera-
ture storage applications 
 
 
 
 
 
 
 
 
 
 
 
 
 

MEETINGS IN 2011 
 
5th Experts Meeting 
February 20-21 
Belfast, Northern Ireland 
(in conjunction with IC-SES  
Conference) 
 
6th Experts Meeting 
September 20-22 
Minneapolis, Minnesota, USA 
 
 
MEETINGS PLANNED FOR 2012 
 
7th Experts Meeting 
March 27-29 
Tokyo, Japan 
 
8th Experts Meeting 
September  
t.b.d. 
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TASK DESCRIPTION 
 
Task 43 is an international collaboration 
focusing on research and development, 
where needed, of new test and certifica-
tion procedures for conventional and ad-
vanced solar thermal products, at both the 
collector and system levels.  The scope of 
the task includes performance testing and 
characterization, qualification testing, envi-
ronmental impact assessment, acceler-
ated aging tests, numerical and analytical 
modelling, component substitution pro-
cedures, and entire system design as-
sessment.  Task activities draw on the 
knowledge of industry, testing laborato-
ries, standard-setting authorities and certi-
fication bodies in the areas of solar collec-
tor and system performance and durability 
to ensure wide-ranging involvement of 
affected stakeholders.  By researching 
testing issues and investigating innovative 
approaches, the outputs of this task will 
help optimize the time and resources in-
dustry, laboratories and certification bod-
ies expend on testing and certification.  
Consumer protection and the develop-
ment and dissemination of credible infor-
mation on solar heating and cooling ben-
efits are guiding principles of this Task.   
 
Stakeholders in Task 43 activities will 
work out the methods to be used to apply 
the Task research results to specific prod-
ucts, standards and certifications, includ-
ing global certification schemes now under 
discussion. Task results will also be com-
municated to those legal authorities who 
define how certification shall be con-
ducted, for use as they see fit.  
 
Task 43 is organized into two Subtasks: 
 

 Subtask A: Collectors (Leader: 
Enric Mateu Serrats, Spain) 

 
The objective of Subtask A is to examine 
existing testing and certification proced-
ures for all types of solar thermal collec-
tors, with the objective of identifying op-
portunities for improvement and harmoni-
zation. 
 

• Subtask B: Systems (Leader: 
Harald Drück, Germany) 

The objective of Subtask B is to perform 
analyses of testing and certification pro-
cedures for entire solar thermal systems. 
 
Main Task Deliverables 
 
The results of the Task will be several 
technical reports and, potentially, changes 
to test standards and certification proto-
cols based on the results of the Task 
work.  Major outcomes will include: 
 
-‐ Roadmaps for Both Task A and Task 

B activities going forward. 
-‐ State-of-the-art white paper on collec-

tor testing, measurement and certifi-
cation issues. 

-‐ Report on the results of round-robin 
collector test projects now underway 
in Europe and North America. 

-‐ If deemed appropriate, draft recom-
mendations for revising collector per-
formance test standards, qualification 
criteria, and/or safety test standards . 

-‐ Report regarding computer modeling 
versus empirical testing of systems 
and balance of system components. 

-‐ Report regarding the impact of com-
ponent substitution and 
down/upsizing of systems on system 
performance. 

-‐ Reports/white papers regarding the 
establishment of a collector “class” 
system for Impact Resistance Test-
ing, Exposure Testing, and Mechani-
cal Load Testing. 

-‐ Joint meetings with testing and certi-
fication stakeholders to promote in-
ternational harmonization. 

-‐ Determination of the advisability of 
pursuing a global certification 
scheme. 

-‐ A communication plan for distributing 
information on the outcomes of Task 
activities to stakeholders. 

 
Task Duration 
 
The Task started on July 1, 2009 and will 
end June 30, 2012.   
 
Participating Countries 
 
Australia, Austria, Canada, Denmark, 
France, Germany, Portugal, Sweden, 
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Switzerland, Spain, United States, 
 
 
WORK CONDUCTED IN 2011 
 
Subtask A: Collectors 
 
Draft White Paper templates for each of 
the major collector products have been 
completed.  Additional work will proceed 
to finalize these documents.  A Gannt 
Chart-based Workplan for all Subtask A 
activities has been prepared by CENER. 
 
Low to Medium Temperature Collector 
developments include: 
• The EU QUAIST Project (Quality As-

surance in Solar Heating and Cooling 
Technology) is nearing completion, 
with results for rounds one and two of  
the testing laboratory round robin col-
lector testing and data reporting ex-
pected in early 2012.  The results of 
this activity will help inform the final 
work and recommendations for Task 
43. 
 

Air Heating Collector developments 
include: 
• Canadian Standards Association has 

promulgated a draft standard; the pub-
lic comment period ended in early 
2011.  The standard is expected to be 
final by end 2011. 

• Within the EU project NEGST, a draft-
standard for testing solar air collectors 
based on existing standards has been 
developed. This draft provides test 
methods and calculation procedures 
for determining the steady-state ther-
mal performance of glazed air heating 
solar collectors. 

• A Draft white paper template for Air 
Heating Collectors has been prepared; 
parties responsible for specific sec-
tions have been identified, and work 
on completion of each section is in 
progress: 
 

Concentrating Collector developments 
include: 
• SRCC Standard 600 has been prom-

ulgated and is being used as a starting 
point for revisions to EN by 
TC312/WG1.  SRCC is in the process 

of adopting new protocols and defini-
tions concerning topic areas: 
− Aperture and absorber area 
− Concentrating PV-Thermal col-

lectors 
− Incident angle modifier 
− Thermal Shock/Internal Cold Fill 
− Exposure testing 

 
• In the U.S., multiple laboratories are 

currently testing products in accord-
ance with Standard 600.  SRCC and 
NREL continue to provide detailed 
guidance on specific operational test-
ing issues as they are encountered.  4 
concentrating collector models by 4 
manufacturers are now certified. 
 

• Work continues within SRCC to further 
refine Standard 600, with international 
cooperation from stakeholders. 
 

• Within the WP2 of the EU project 
QAiST, task T2.1.1 is focused on the 
extension of the EN 12975 to fully in-
clude medium temperature collectors 
(tracking, concentrating collectors, and 
evacuated tube collectors). The main 
activities proposed, but not yet agreed 
are: 
− Parameter definitions and re-

quirements 
− Deep review of existing perform-

ance models and testing proced-
ures 

− Performance test method: Pa-
rameters and test conditions, 
validation included (if needed) 

− Performance collector compo-
nent characterisation (receiver, 
reflector, tracking and over tem-
perature protection systems) 

 
Subtask B: Systems 
 
At the September 3, 2011 informal Task 
43 meeting in Kassel, Harald Drück pre-
sented an updated summary of progress 
to date on Systems work, as well as out-
standing actions and responsible parties.  
As of end 2011, numerous parallel activi-
ties were underway to complete work. 
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WORK PLANNED FOR 2012 
 
• Characterization of Performance of 

Solar/Heat Pump Systems - Includes 
collaboration with Intelligent Energy 
Europe (IEE) and Keymark, as well as 
activities under CEN/TC 312 Working 
Group 3. 
 

• Inclusion of Work and Results from 
Combisol Project – Under the man-
agement of CEA (France) and INES 
(France),  Combisol will encourage an 
accelerated market deployment of 
combined solar water and space heat-
ing (SCS) – hence a higher share of 
heat produced by solar energy - and 
will promote an improved quality of the 
systems installed. 

 
• Definition of Boundary Conditions 

of System Performance Modeling – 
Work needed to improve computer 
simulation of system performance. 
 

• Incorporation of QAiST Round 
Robin Results – Work to develop 
recommendations for standards har-
monization based collector testing 
consistency. 
 

• Development of Research Recom-
mendations for Systems Testing – 
Work will contribute to the Task 
Roadmap. 
 

• Development of Paper Characteriz-
ing Research Results on Actual Per-
formance vs. Predictions: 

o Component/material substitu-
tion 

o Collector size extrapolation 
o Recommendations for  incorpo-

rating results in system 
tests/standards 
 

• Report on Durability and Reliability 
– Identification of inconsistencies, 
gaps and problems between actual 
qualification and safety testing and 
known issue areas not currently in-
cluded in certification. 

 
• Work on Power Failure Issues – 

Define and promulgate proposed test 

procedures to address previously iden-
tified system behavior modes regard-
ing failure of power supply to systems. 
 

• Reports on Testing and Characteri-
zation of System Performance Re-
lated to Occupant Comfort and Pub-
lic Benefits – Work to characterize 
the value of accurate testing and per-
formance characterization as regards 
end user satisfaction and societal 
benefits. 
 

• Outreach and Information Dissemi-
nation – Several Parallel Activities de-
signed to: 

o Populate and maintain a Task 
web page to promulgate results 

o Establish a proactive means of 
alerting Task stakeholders and 
interested parties about ongo-
ing developments 

o Establish a regular forum  for 
interested parties provide input 
or ask questions about Task-
related topics. 

 
 

MEETINGS IN 2011 
 
4th Task Experts Meeting  
May 17 
May 18: Industry Workshop 
Raleigh, North Carolina, United States  
21 experts from 6 countries attended  
 
The ½ day Industry Workshop was held in 
conjunction with the American Solar En-
ergy Society Exhibition and Conference, 
also in Raleigh, where several Task ex-
perts updated attendees on rating and 
certification activities connected with Task 
43.  49 participants attended the Industry 
Workshop. 
 
5th (Informal) Task Experts Meeting  
September 3 
Kassel, Germany 
16 experts attended 
 
Held in conjunction with the ISES Solar 
World Congress. 
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REPORTS PUBLISHED IN 2011 
 
No publically available reports were pub-
lished in 2011.  
 
 
WORK PLANNED FOR 2012 
 
• Concentrators 

SRCC Standard 600 continues to 
evolve.  Coordination with ongoing de-
velopment of European concentrating 
collector testing methodologies should 
be pursued to avoid parallel develop-
ment of duplicative standards. 
 

• Round Robin Collector Testing 
European round robin testing of collec-
tors and systems began under the 
QAiST program,13 laboratories cur-
rently participating. First and second 
rounds complete – data analysis pro-
gressing.  Intra-laboratory test results 
will be examined to assess variance 
from mean results, and verify accuracy 
of measuring protocols.  Results tenta-
tively scheduled for early 2012. 

 
Parallel but independent North Ameri-
can round robin tests are underway 
under Florida Solar Energy Center  
management -  6 laboratories partici-
pating.  First round not yet complete, 
second round completion expected 
late 2012. 

 
• US Heat Meter Standard 

During 2011, the US Environmental 
Protection Agency led an effort to de-
fine the scope of work required to de-
velop a US standard for heat meters. 
 
This collaborative effort led to a pro-
posal asking the International Associa-

tion of Plumbing & Mechanical Offi-
cials (IAPMO) and ASTM International 
to develop a consensus heat meter 
standard, drawing on aspects of Inter-
national Organization of Legal Metrol-
ogy (OIML R 75) International Rec-
ommendation and European Standard  
EN1434. 
 

 Global Certification 
Under the auspices of The Spanish 
Association for Standardization and 
Certification  (AENOR), a project will 
be undertaken to evaluate the possibil-
ity of a global certification scheme.  
This effort has been termed: Towards 
Global Certification of Solar Collectors.  
Work on this began in late 2011, and 
will continue in 2012. 
 

 Communications 
Work to populate the Task website 
with up to date work products will con-
tinue. 

 
 
MEETINGS PLANNED FOR 2012 
 
6th Task Experts Meeting  
July 10 
San Francisco, California, USA  
 
In conjunction with SHC 2012. 
 
 
REPORTS PLANNED FOR 2012 
 
Task 43 is scheduled to end on June 30, 
2012, and a report on progress to date 
and recommendations for continuing Task 
activities, if any, is anticipated for mid-
2012.  
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TASK 43 NATIONAL CONTACTS 
 
Co-Operating Agent 
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Co-Operating Agent 
Jan Erik Nielsen 
PlanEnergi 
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9520 Skørping 
DENMARK 
jen@solarkey.dk 
Phone: +45 96820400                   
 
Program Manager 
Kevin DeGroat 
Antares Group 
4351 Garden City Drive, Ste. 301 
Landover, MD  20785 
USA 
kdegroat@antares.org 
Phone: (301) 731-1900 Ext. 14 
 
Subtask A Leader (Collectors) 
Enric Mateu Serrats 
CENER (National Renewable Energy Center) 
Ciudad de la Innovación, nº 7 
31621 Sarriguren (Navarra) 
SPAIN 
emateu@cener.com 
Phone: +34 948 25 28 00 
 
Subtask B Leader (Systems) 
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University of Stuttgart (ITW) 
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70550 Stuttgart 
GERMANY 
drueck@itw.uni-stuttgart.de 
Phone: +49-(0)711-685-635 53 
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TASK DESCRIPTION 
 
The objective of 
this Task is to as-
sess performances 
and relevance of 
combined systems 
using solar thermal 
and heat pumps, to 
provide a common 

definition of performances of such sys-
tems, and to contribute to successful mar-
ket penetration of these new promising 
combinations of renewable technologies. 
 
The scope of the Task considers solar 
thermal systems in combination with heat 
pumps, applied for the supply of domestic 
hot water and heating in family houses. It 
is thus dedicated to small systems in the 
range of 5 to 20 kW. 
 
Any type of solar collector can be con-
sidered: using a liquid heat transfer fluid, 
air, hybrid collectors, or even hybrid ther-
mal and photovoltaic or “PVT” collectors. 
All of them can be glazed or unglazed. 
 
Any type of source of heat for the heat 
pump can be considered: air, water or 
ground source. The main focus will be on 
heat pumps driven by electricity, as the 
market is so oriented. However during the 
course of the Task it might be become 
relevant to consider thermally driven heat 
pumps since 100% solar could then be 
achieved. 
 
To limit the scope, comfort cooling of 
buildings is not directly addressed in the 
Task common work, although it is not for-
bidden for a heat pump to be used for 
cooling purposes besides its main heating 
objective, for example in reverse mode. 
 
The Task covers market available solu-
tions as well as advanced solutions, which 
may be still in a laboratory stage or still will 
be developed during the course of the 
Task. 
 

The Task is a joint effort of the Solar Heat-
ing and Cooling Programme and the Heat 
Pump Programme (HPP). It is Task 44 for 
SHC and Annex 38 for HPP. 
 
The Task is organized in the following 
Subtasks: 
 
Subtask A:  Solutions and Generic Sys-
tems  
(Lead Country: Germany, Fraunhofer ISE, 
Sebastian Herkel) 
 
The objective of Subtask A is to collect, 
create and disseminate information about 
the current and future solutions for com-
bining solar thermal and heat pump to 
meet heat requirements of a one family 
house. Subtask A deals mainly with manu-
factured systems and systems installed 
and monitored. 
 
Subtask B:  Performance Assessment  
(Lead Country: Austria, AIT, Ivan  
Malenkovic) 
 
The objective of this subtask is to reach a 
common definition of the figures of merits 
of solar + heat pump systems and how to 
assess them.This work can lead to pre-
normative definition on how to test and 
report the performance of a combined so-
lar and heat pump system. 
 
Subtask C:  Modelling and Simulation  
(Lead Country: Switzerland, SPF, Michel 
Haller) 
 
The objective of subtask C is to provide 
modelling tools of all generic solar and 
heat pump systems and to report sensi-
tivity analysis on most of the systems such 
as being able to pinpoint important fea-
tures and marginal ones in a given system 
configuration.  Sizing of systems will also 
be possible using the output of this Sub-
task, either with the computing tools de-
veloped or with general or system specific 
tables. 
 
Subtask D:  Dissemination and Market 
Support  
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(Lead Country: Italy, EURAC, Wolfram 
Sparber). 
 
The objective of this subtask is to provide 
information to the external world of Task 
44 during the course of the Task so that 
value added created by the participants 
can be transferred as fast as possible to a 
growing market. A second objective is to 
deliver the final book of Task 44 aimed as 
a reference document in the field of solar 
heat and heat pumps. 
 
Main Deliverables 
 
 Technical reports on existing and mo-

nitored systems 
 Map of generic systems with pros and 

cons 
 New set of performance indicators 
 Procedure to test combined solar and 

heat pump systems 
 Technical reports on systems tested in 

laboratory with this procedure 
 New reference framework for simula-

ting solar and heat pumps systems 
 New components models or compiled 

existing ones 
 Website with all major reports and pa-

pers 
 Educational material on the website 
 Support to national workshops about 

the topic “solar and heat pump” 
 Papers at international conferences 
 Newsletters during Task’s duration 
 Final handbook with all methods  
 developed and results found 

 
Duration 
 
The Task started on 1 January 2010 and 
will end on 31 December 2013. 
 
 
ACTIVITIES DURING 2011 
 
 The Subtasks have been working 

smoothly. 
 The 3rd and 4th Experts meetings were 

held in Barcelona in April, a joint meet-
ing with IEA SHC Task 45, and in Mar-
seille in October just before ESTEC 
2011, and as a joint meeting with IEA 

SHC 48. 
 Task participants presented their work 

at the Solar World Congress 2011 in 
Kassel, Germany. 

 
 
RESULTS IN 2011 
 
Subtask A: Solutions and Generic 
Systems 
 
A1 Review of existing and new systems 
More than 100 systems were identified 
during 2011. In an available powerpoint 
presentation, 80 different S+HP (Solar + 
Heat pump) system are depicted. A two 
pages leaflet describing in detail each so-
lution is available for more than 20 sys-
tems. A draft Report of deliverable A1 has 
been issued. 
 
The classification into generic systems is 
somewhat difficult and the seven basic 
configurations sketched in 2010 end up to 
be many more. 
 
Subtask A therefore decided to classify all 
systems in four new categories: the paral-
lel concept, the serial, regenerative and 
the complex concept. The so-called 
“square view” scheme developed in 2010 
became the reference tool of the work in 
Subtask A. 
 
In Subtask A, it is proposed for comparing 
all the demonstration projects to use the 
Seasonal Performance Factor (SPF) defi-
nitions developed in Subtask B primarily 
for testing systems on test rigs in labora-
tory. This will help to rapidly benchmark 
both the concept and the monitored re-
sults. The nomenclature of the relation-
ships between sources and sinks in a 
S+HP system could also be derived from 
the “square view” which will prove to be a 
versatile tool. 
 
Overall, Subtask A succeeded in 2011 to 
describe in a similar way different S+HP 
concepts from different manufacturers and 
designed for different local conditions. 
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A2 Reporting field test results 
During 2011 thirty projects were reported 
on by participants. Some have already 
been monitored and the results presented 
during Task meetings. These projects will 
also produce interesting material for simu-
lation and models validation in Subtask C. 
By the end of 2011, seventeen projects 
were running and had monitored data are 
available, six more projects are scheduled 
to deliver data in 2012. 
 

A template for reporting field results was 
produeced that will be used to present all 
the results from monitored installations in 
the field. 
 
A3 Dissemination and information 
Many projects involved in our work were 
presented at the Solar World Congress 
2011 in Kassel, Germany.  At Estec 2011 
in Marseille there were also several pro-
jects and topics coming from our work. 
The Operating Agent encouraged partici-
pants to refer to the Task common work 
when presenting their projects at confer-
ences. 
 

“Solar and heat pump systems” is appear-
ing slowly to be a generic term just as we 
anticipated when we began the Task. 
 
The templates prepared for activity A1 and 
A2 in Subtask A will be an important vehi-
cle for dissemination next year since all 
systems. 
 
Subtask A also issued in 2011 a Power-
Point presentation of all systems pre-
sented in the Task called “Overview of 

commercial S+HP systems”. This docu-
ment is used as for teaching material in 
Subtask D. It contains 245 slides with 2 or 
3 slides per system. 
 
A4 Subtask 
Work on the report for this activity has not 
yet started. 
 
Subtask B: Performance Assessment
  
B1 Definition of performance indicators 
The Subtask leader worked out a proposal 
for performance indicators during 2011. 
Version 2 of the document contains a pro-
posal for the system boundaries and per-
formance figures. Deliverable B1 is now 
available as a draft. It proved to be much 

Figure 1.  New “square layout” to describe a solar and heat pump combination. 
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more time consuming than anticipated to 
come to a consensus among participants 
on performance indicators. Several topics 
were discussed such as system and com-
ponent efficiency, primary energy, CO2 
emissions or savings, among others. 
 
One important question when dealing with 
hybrid systems such as S+HP systems is 
how to calculate the benefit of the combi-
nation “solar and heat pump”. Is a benefit 
to be calculated against other alternative 
solutions like solar and wood or solar and 
gas, or against “solar only” or “HP only” 
solutions? Working on examples from 
Subtask A will bring more light on this mat-
ter. 
 
B2 Testing on stands - procedure and 
results 
A number of participating institutes are 
testing S+HP total systems or at least sys-
tem components on stands. A common 
procedure of testing is still being dis-
cussed. Currently, we are lacking results 
from first tests on systems in laboratories 
and 2012 will bring awaited results. 
 
B3 Standard test definition - pre  
normative 
A short overview of relevant Solar Thermal 
and Heat Pump standards were reported 
on in the new B1 deliverable. Applicability 
to S+HP systems and recommendations 
for revision however is still to be worked 
out. But prior to deriving a generic vision, 
the various methods developed by all the 
participants will be described in technical 
reports. The question “can this Task pro-
pose one test method to cover all system 
configurations and applications?” still 
holds. The EU project “Qaist” also lead by 
our Subtask B leader advances in parallel 
with our work and has a similar the goal to 
reach standardized definitions and pro-
cedures for testing S+HP systems. We 
therefore join forces in international col-
laboration. 
 
B4 Dissemination and information 
This activity is quiet for the moment, but 
papers from the Subtask leader were pre-
sented at the Solar World Congress 2011 
in Kassel and Estec 2011 in Marseille. 

B5 Subtask 
Work on the report for this activity has not 
yet started. 
 
Subtask C: Modelling and Simulation	  
 
C1 reference framework 
The framework has been issued thanks to 
the strong commitment of the Subtask 
leader. Deliverable C1.2 (Reference 
Framework: Draft 2) is completed and only 
minor changes are to be expected until the 
final report in March 2012. This document 
can be used for system simulations. 
 
Changes in boundary conditions for simu-
lations have been reported in version 1.2 
of the document. Our common boundary 
conditions will be implemented on different 
simulation platforms since not all partici-
pants want to use TRNSYS, and the im-
plementations will be shared with other 
participants. This is a common effort not 
possible without our international collabor-
ation. 
 
C2 Models of sub component and  
validation 
Four working groups on solar collector, 
ground heat exchanger, heat pump, and 
heat storage, each led by an expert in the 
field were set up during 2011. It is not al-
ways easy to find participants as no spe-
cial funding is available for this activity.  
 
A New Heat Pump Model (Type 877) for 
TRNSYS was presented by Austria in 
2011. Its validation is being carried out by 
Switzerland. 
 
For the deliverable C2 “Models of sub 
components and validation” a description 
of models and model features is quite ad-
vanced for collector models and for heat 
pump models, and only started for ground 
heat exchanger models and PCM storage 
models due to lack of committed experts. 
The report is due October 2012. 
 
C3 System simulations and validation 
Several systems are under investigations 
by different teams, but no completed re-
sults in 2011. Some preliminary results 
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though show good correlations with moni-
tored data for some important S+HP con-
figurations. 
 
Deliverable C3 “System simulation and 
validation” was started with the reporting 
on validation of uncovered collector model 
(Germany, Switzerland) and a ground heat 
exchanger (Germany). 
 
C4 System intercomparison data 
This activity has not yet started. 
 
C5 Dissemination and information 
This activity has not yet started although 
some participants have presented their 
work during conferences. 
C6 Subtask 
Work on the report for this activity has not 
yet started. 
 
Subtask D: Dissemination and market 
support 
 
D1 Webpage and educational material 
The Task website is continuously adapted 
and enriched.  Some educational material 
from Subtask A is available in the web 
restricted area for participants. 
 
A list of publications dealing with our topic 
from participants in conferences and jour-
nals is available on the public section of 
the website. 
 
D2 Newsletter and guideline for plan-
ners 
The first newsletter was issued in October 
2011 and is available on our web site. 
 
D3 Workshops and Conferences 
Several papers were presented at interna-
tional conferences.  
 
The Operating Agent OA presented the 
Task at a press conference during ESTEC 
2011. 
 
D4 System intercomparison report 
The technical report will start when ma-
terial is available from the other subtasks. 
 

Work on a Policy Position paper on 
“S+HP” systems began in 2011 and will be 
available in 2012. 
 
D5 T44A38 handbook 
The table of contents for the final hand-
book has been revised to reflect the work 
by topic and authors are being assigned to 
each chapter. This way of acting in ad-
vance on the final document is to avoid to 
passing the deadline of the activity, 
December 2013.  
D6 Subtask report 
Work on the report for this activity has not 
yet started. 
 
 
WORK PLANNED FOR 2012  
 
Key activities planned for 2011 include:  
 Activities as planned in each subtask 
 Meetings in Povoa do Varzim, Portugal 

and Lyngby, Denmark 
 Articles for conferences and publica-

tions 
 Annual Task newsletter  
 Distribution of a Policy Position Paper 
 
 
LINKS WITH INDUSTRY 
 
Several solar manufactures collaborate 
with university labs in our Task. We also 
work in contact with the European Heat 
Pump Association (EHPA). 
 
 
REPORTS PUBLISHED IN 2011 
  
Subtask A 
A1: Review of existing and new systems – 
draft Nov 2011 
A2: Field test results template for reporting 
– draft Nov. 2011 
 
Subtask B 
B1: Definition of performance indicators – 
draft Nov. 2011 
 
Subtask C 
C1: T44A38 reference framework for  
simulation – May 2011 
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C2: Models of Sub components and vali-
dation - Draft 
 
Subtask D 
D1.1: Teaching material 1: Collection of 
S+HP examples in slides – Nov. 2011 
D2: Task newsletter 1 – Oct. 2011 
D7:  S+HP Policy paper – final draft 2011 
 
 
REPORTS PLANNED FOR 2012 
 
Subtask A 
A2: Reporting field test results - draft 
 
Subtask B 
B1: Definition of performance indicators 
B2: Testing on stands – procedures and 
results, draft 
B3. Standard test definition - draft 
Subtask C 
C1: T44A38 reference framework for simu-
lation, publication in 2012 
C2: Models of Sub components and vali-
dation 
C3: System simulations and validation – 
Draft 
C4: System intercomparison - Draft 
 
Subtask D 
D1.2:Teaching material on monitored sys-
tems - draft 
D2: T44A38 newsletter 2 – 2012 
D7: Policy paper 
 

MEETINGS IN 2011 
 
3rd Experts Meeting 
April 7-8 
Barcelona, spain 
 
4th Experts Meeting 
October 18-19 
Marseille, France  
(In conjunction with ESTEC 2011) 
 
 
MEETINGS PLANNED FOR 2012 
 
5th Experts Meeting 
May 3-4 
Povoa do Varzim, Portugal 
 
6th Experts Meeting 
October  
Lyngby,Denmark 
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TASK DESCRIPTION 

The main objective of this Task is to assist 
in a strong and sustainable market devel-
opment of large solar district heating and 
cooling systems. The systems can include 
seasonal storages and/or heat pumps/ 
chillers. 

The main focus is on the system level: 
How to match the actual system configu-
ration to the actual needs and local condi-
tions including the surrounding regional 
energy system (free electricity market). Or 
in other words: For the given conditions of 
load and energy prices, which system type 
and size to choose to have a competitive 
heat price and a large solar fraction. 

It is important that the systems are in-
stalled and controlled/operated properly in 
order to perform well. To secure that, 
guidelines and standards have to be up-
dated and developed and recognised per-
formance guarantee procedures estab-
lished. 

To push the market development, a strong 
effort will be done in promoting the ben-
efits of the technologies and results from 
the Task to the decisions makers in the 
sectors of district heating and cooling and 
process heating and cooling. The issue of 
financing the “upfront investment in 25 
years of heat production” will be dealt with 
- and models for services of Energy Ser-
vice Companies (ESCo’s) will be pro-
posed and sought tried out. 

Scope 

The scope of the Task covers large-scale 
solar thermal systems – pre-heat systems 
as well as any combination with storages, 
heat pumps, CHP-units, boilers, etc. for 
the supply of block and district heating & 
cooling.  

Task 45 is organized into three Subtasks: 
 
Subtask A: Collectors and Collector 
Loop 
(Lead country: Denmark) 

 
The general objectives of Subtask A are 
to: 

 Assure use of suitable components 
 Assure proper and safe installation 

including compatibility with district 
heating and cooling network 

 Assure the performance of the col-
lector field 
 

Subtask B: Storage  
(Lead Country: Germany) 
 
The general objectives of Subtask B are 
to: 

 Improve the economy of (seas-
onal) storage technologies  

 Increase knowledge on durability, 
reliability and performance of 
(seasonal) storage technologies  

 Demonstrate cost effective, reli-
able and efficient seasonal storage 
of thermal energy 

 
Subtask C: Systems  
(Lead Country: Austria) 
 
The general objectives of subtask C are 
to: 

 Provide decision makers and plan-
ners with a good basis for choos-
ing the right system configuration 
and size  

 Give decision makers and plan-
ners confidence in system per-
formance 

 
Task Duration 
 
This Task started on January 1, 2011 and 
will end December 31, 2013. 
 
Participating Countries 
Austria, Canada, Denmark, France, Ger-
many, Italy, Spain 
 
 
WORK DURING 2011 
 
Subtask A: Collectors and collector 
fields 
 
Activities included: 

 Preliminary test results produced 
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related “Models for correction of 
collector efficiency parameters de-
pending on collector type, flow 
rate, tilt and fluid type”. 

 Work started on “Guidelines for re-
quirements for collector loop instal-
lation”. Proposal for content made 
and work on hydraulic aspects, 
stagnation behaviour, and safety 
initiated. 

 Drafted collector field performance 
guarantee procedure. 

 
Subtask B: Storages 
 
First round of survey done concerning on-
going/required R&D for seasonal stor-
ages. 
 
Subtask C: Systems 
 
Activities included: 

 System categories defined. Tem-
plate for detailed technical informa-
tion. 

 Updated database for large solar 
system in the air - systems outside 
Europe missing. 

 Questionnaire on tools for feasi-
bility study.  

 Draft ESCo compendium. 
 Draft procedure for performance 

checking of collector field and heat 
exchanger. 

 Draft guidelines for planning, in-
stallation, commissioning and op-
eration.  

 Significant input to design hand-
book. 

 
Dissemination/presentations included: 

 Two presentations at  EU Renew-
able Heating and Cooling Tech-
nology Platform workshops (RHC) 
in February and April. 

 Presentation at the Polish national 
workshop in Warsaw in May. 

 Presentation at ISES 2011, Kas-
sel, Germany in May. 

 Presentation at IEA SHC/ESTIF 
meeting in October. 

 Presentation at Joint Workshop 
IEA ECES/SHC, Munich, Germany 
in November. 

 Presentation at the “Solar Summit 
2011” in Freiburg, Germany in 
November. 

 
Workshops included: 

 Common industry workshop with 
Task 44 on solar & heat pumps 
(the first Task 45 meeting held in 
conjunction to a Task 44 meeting - 
and in between the two Task meet-
ings a common workshop was or-
ganized).  

 Industry workshop held after the 
second Task 45 meeting. 

 
 
WORK PLANNED FOR 2012 
 
Subtask A: Collectors and Collector 
Loop 
 
Activities planned include: 

 Finish testing related to “Models 
for correction of collector efficiency 
parameters depending on collector 
type, flow rate, tilt and fluid type”. 

 Conduct preparatory work on re-
quirements and test methods for 
collector loop pipes: list of stand-
ards, collect experience on operat-
ing conditions. 

 Prepare final draft on “Guidelines 
for requirements for collector loop 
installation”. 

 Draft document on control and op-
eration strategies. 

 Finalize collector field performance 
guarantee procedure. 

 Finalize heat exchanger perform-
ance guarantee procedure. 

 Work on Handbook based on  sub-
jects above. 

 
Subtask B: Storages 
 
Activities planned include: 

 Draft document on research re-
quirements for seasonal storages. 
 

Subtask C: Systems 
 
Activities planned include: 

 Report on sensitivity analysis- el-
aboration of optimized and stand-

http://www.iea-shc.org


 
SHC Task 45: Large Solar Heating/Cooling Systems 

www.iea-shc.org 
 

ardized system concepts (solar 
fraction, storage size, economics 
etc.). 

 Finalize ESCo compendium. 
 Finalize procedure for performance 

checking of collector field and heat 
exchanger.  

 Prepare first draft on “Procedures 
for performance check/ monitoring/ 
surveillance”. 

 Prepare final draft of guidelines for 
planning, installation, commission-
ing and operation. 

 Work on Handbook from subjects 
above. 

 
 

REPORTS PUBLISHED IN 2011 
 
No publically available reports were pub-
lished in 2011.  
 
 
REPORTS PLANNED FOR 2012 
 
The following reports/documents will be 
available on the SHC website: 

 Report on collector tests 
 ESCo compendium 
 Performance checking of collector 
 field and heat exchanger 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
MEETINGS IN 2011 
 
1st Experts Meeting   
April 
Barcelona, Spain 
 
2nd Experts Meeting  
October 
Alberta, Canada 
 
 
MEETINGS PLANNED FOR 2012 
 
3rd  Experts Meeting 
May 21-23 
Denmark 
Joint meeting planned with IEA DHC  
Programme 
 
4th Experts Meeting 
September 
Austria 
Joint meeting planned with SHC Tasks 48 
and 49. 
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TASK 45 NATIONAL CONTACTS 
 
 
Operating Agent 
Jan Erik Nielsen 
PlanEnergi 
Aggerupvej 1 
4330 Hvalsö 
DENMARK 
jen@planenergi.dk 
Phone: +45 4646 1229 
 
Subtask A Leader 
Simon Furbo  
DTU.BYG  
Denmark  
 
Subtask B Leader 
Dirk Mangold  
SOLITES  
Germany  
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Per Alex Sørensen  
PlanEnergi  
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Marstal Fjv.  
 
Per Kristensen  
Braedstrup Fjv.  
 
Italy 
Maurizio De Lucia  
Università di Firenze  
 
Germany 
Harald Drück  
ITW, Stuttgart University  
 
Rolf Meissner  
Ritter XL Solar GmbH   
Observer 
 
Thorsten Urbanek  
TU Chemnitz   
Observer 
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TASK DESCRIPTION 
 
Buildings are responsible for up to 35 % of 
the total energy consumption in many of 
the IEA participating countries. The EU 
Parliament approved in April 2009 a rec-
ommendation that member states have to 
set intermediate goals for existing build-
ings as a fixed minimum percentage of 
buildings to be net zero energy by 2015 
and 2020.  
 
For the existing non-residential buildings a 
dramatic reduction in primary energy con-
sumption is crucial to achieve this goal.  
 
A few exemplary renovation projects have 
demonstrated that total primary energy 
consumption can be drastically reduced 
together with improvements of the indoor 
climate. The experience gained from these 
projects has not been systematically ana-
lyzed to make it a reliable resource for 
planners. Because most property owners 
are not even aware that such savings are 
possible, they set energy targets too con-
servative. Buildings renovated to mediocre 
performance can be a lost opportunity for 
decades. It is therefore important that 
building owners be aware of such suc-
cesses and set ambitious targets.  
 
This Task will start by analyzing highly 
successful renovations and develop inno-
vative concepts for the most important 
market segments.  
 
Equally important, local authorities, com-
panies, and planners also need the 
knowledge how to achieve market pene-
tration of such solutions. Success stories 
and planning knowledge will be communi-
cated to target audiences to accelerate a 
market break-through of highly effective 
renovations in non- residential buildings. 
 
The objectives of this Task are to: 

 Develop a solid knowledge base 
on how to renovate non-residential 
buildings towards the NZEB stan-
dards in a sustainable and cost ef-
ficient way. 

 Identify the most important market 

and policy issues as well as mar-
keting strategies for such renova-
tions. 

 
The Task deals with several types of non-
residential buildings, including protected 
and historic buildings:  

 Office buildings  
 Educational buildings  
 Nursing homes  
 Hotels  
 Supermarkets and shopping  

 centers  
 
Depending on available projects among 
the participating countries, the following 
types may also be recognized; hospitals, 
industrial halls, and indoor swimming 
pools.  
 
A broad range of technologies will be in-
cluded and solar energy will play a signifi-
cant role in bringing the use of primary 
energy down to NZEB standard. 
 
The Task is organized in the following 
Subtasks: 
 
Subtask A:  Advanced Exemplary Pro-
jects - Information Collection & Brief 
Analysis  
(Lead Country: Norway, Asplan Viak AS, 
Fritjof Salvesen) 
 
The objectives are to:  

• Systematically analyze and docu-
ment renovation projects meeting 
Task selection criteria in order to 
quantify which measures achieve 
the greatest energy savings or im-
provement in comfort and at what 
costs. 

• Identify the driving forces and barri-
ers in the decision-making proc-
esses for detailed analysis in Sub-
task B. 

• Identify innovative, promising con-
cepts and technologies for detailed 
analysis in Subtask C.  

• Identify environmental impacts and 
architectural quality for detailed 
analysis in Subtask D. 
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Subtask B:  Market and Policy issues 
and Marketing Strategies  
(Lead Country: Norway, Segel AS, Trond 
Haavik) 
 
The objectives are to: 

 Identify segments in the non- resi-
dential building stock with high po-
tential for energy efficiency savings 
and which type of owners are most 
likely to go for major renovation 
projects. 

 Identify the most important barriers 
and driving forces in decision-
making processes for high ambi-
tion renovation in the non-
residential sector and how to over-
come them.  

 Develop knowledge about which 
boundary conditions are important 
to make renovations attractive/ af-
fordable/cost effective and more 
available. 

 Increase the understanding of how 
improved non-energy benefits (in-
cluding outcome subtask D) as a 
result of substantial renovation, in-
crease the value of the building 
and thereby make the investments 
profitable. 

 
Subtask C:  Assessment of Technical 
Solutions and Operational Management 
(Lead Country: Germany, Fraunhofer ISE, 
Doreen Kaltz) 
 
The objectives are to: 

 Describe the HVAC and control 
systems of the recommended ret-
rofit concept. This includes infor-
mation about the building shell, the 
HVAC system, the daylighting and 
artificial lighting concepts as well 
as available measurement or en-
ergy consumption data. The 
documentation of the data is an 
important contribution to Subtask 
A. 

 Identify required measuring points 
for a basic monitoring of building 
and HVAC system. 

 Develop a methodology for evaluat-
ing the different building and plant 

concepts. 
 Identify and develop successful 

NZEB concepts considering the 
building envelope as well as the 
heating, cooling, ventilation and 
lighting concept. 

 Evaluate the building and plant per-
formance on basis of energy moni-
toring or monthly energy bills (if 
measurements are made available 
by participants). 

 Analyze the fault detection and 
identify optimization potential due 
to smart building and plant control. 

 
Subtask D:  Environmental and Health 
Impact Assessment (Lead Country: Bel-
gium, University of Louvain La Neuve, 
Sophie Trachte). 
 
The objectives are to: 

 Develop a global  (including local 
and global environment) approach 
for building renovation based on 
environmental, urban infrastruc-
ture, comfort and health impacts. 

 Identify quantifiable and qualitative 
criteria and requirements for envi-
ronmental impacts of renovation 
projects based on BREEAM as-
sessment methodology. 

 Identify indoor climate and indoor 
space issues with particular rele-
vance to the topic of the user’s 
health and user’s comfort (visual, 
acoustical etc). 

 Identify “quality of life” issues with 
particular relevance to the topic of 
the urban infrastructure, of the ur-
ban transportation network and of 
the collective or public spaces. 

 Identify the adaptability of building 
and flexibility issues with particular 
relevance to the acceptance of 
renovations without causing heavy 
impact on the environment. 

 
Main Deliverables 
In general, the dissemination of the task 
results will take place at a national level. 
The publications listed below will be avail-
able from the Task’s public website in PDF 
format. The publications may be used as a 
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basis for making national publications.  
The following documents and information 
meetings are planned during the Task: 
1. The Task website went public in mid-

2011, including secure sites for the 
Task participants.  

2. Brochures of exemplary renovation 
projects will be available on the public 
website by spring 2012. They are de-
signed for designers, planners and 
building owners 

3. Two seminars will be held in conjunc-
tion with expert meetings presenting 
exemplary projects from the participat-
ing countries  

4. A “Lessons learned summary” will be 
prepared from the exemplary projects 
of Subtask A. 

5. A report will be published describing 
decision making processes, non-
energy benefits as well as barriers and 
driving forces from the case studies of 
Subtask B. 

6. A report will be published summarizing 
renovation policies and strategies. 

7. Presentations will be given at national 
and international conferences the 
building industry and/or the real estate 
sector as target group. 

8. A report will be published with recom-
mendations and conclusions from 
Subtask C. 

9. “Guidelines for designers and plan-
ners” with recommendations will be 
published. 

 
Duration 
The Task started on 1 January 2011 and 
will end on 30 June 2014. 
 
Participating Countries 
Australia, Austria, Belgium, Denmark, 
Germany, Italy, Norway 
 
 
WORK DURING 2011 
The Task got underway with two Experts 
Meetings – Oslo in April and Copenhagen 
in September. 
 

The Task website was developed within  
the SHC framework. There is a public section 
and a password protected work area for task 
participants. 
 
Subtask A: Exemplary Renovation  
Projects 
The participants agreed on the following 
selection criteria for task 47 exemplary 
projects: 

 Building types: Office, Educa-
tional, Culture, Hotels, Historic/ 
protected buildings are included. 

 Energy: Goal:  Towards a NZEB 
building.  Optimized building enve-
lope and technical installation us-
ing the best available technolo-
gies/products on the market.  
Within the given constraints of the 
individual building (e.g. for pro-
tected / historic buildings).  At least 
60% reduction in the primary en-
ergy demand (heating, cooling, 
ventilation, lighting, DHW and 
pumps) (according to the calcula-
tion rules given by the EPBD stan-
dard or other similar standards).  
The renovated standard should be 
better than the national standard 
building code for new buildings.  
Embodied energy strategies to be 
considered. 

 Economics: Marketable solutions. 
 Market potential: Replicable 

building concepts. 
 
For the public presentation of task 47 ex-
emplary projects, an eight pages template 
has been developed. It is expected that 
approximately 10 projects will be uploaded 
on the public web before summer.  
 
Subtask B: Market and Policy issues 
The subtask is still in its early phase which 
focusing on the simplified building stock 
analysis using existing data sets from par-
ticipating countries. 
 
Subtask C: Technical Solutions And 
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Operational Management 
The subtask is still in its early phase, how-
ever it was decided to develop a common 
database for the subtask b, C and D for 
the demonstration projects and their en-
ergy and non-energy aspects.  
 
Subtask D: Environmental And Health  
The subtask is still in the early phase. It 
was decided that this work would focus on 
educational buildings. 
 
 
WORK PLANNED FOR 2012  
Presentations of a number of exemplary 
renovation projects will be uploaded on 
the public web.  
 
A seminar in connection with the autumn 
expert meeting will be considered. 
 
The task will be represented at the SHC 
2012 Conference in San Francisco in July.  
 
 
LINKS WITH INDUSTRY 
Some of the task participants are repre-
senting consultancies.  
 
In some countries like Norway, a national 
Task 47 project is organized with several 
industry partners. 
 

REPORTS PUBLISHED IN 2011 
No reports have been published in 2011. 
 
 
REPORTS PLANNED FOR 2012 
Subtask A: Presentations of Exemplary 
Renovation Projects 
 
 
MEETINGS IN 2011 
 
1st Experts Meeting 
April 29-30 
Oslo, Norway 
 
2nd Experts Meeting 
September 29-30 
Copenhagen, Denmark 
 
 
MEETINGS PLANNED FOR 2012 
 
3d Experts Meeting 
April 12-13 
Rome, Italy 
 
4th Experts Meeting 
September/October 
Brussels, Belgium  
 

 
 
 
 
 
 

Front page of Subtask 
Template 
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TASK 47 PARTICIPANTS 
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Subtask A Leader 
Fritjof Salvesen 
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P.O.Box 24 
NO-1300 Sandvika 
Norway 
fritjof.salvesen@asplanviak.no 
 
Subtask B Leader 
Trond Haavik 
Segel AS 
Box 284 
NO-6770 Nordfjordeid 
Norway 
trond.haavik@segel.no  
 
Subtask C Leader 
Doreen Kalz 
Fraunhofer - Inst. Solar Energy Systems 
Heidenhofstrasse 2 
DE-79110 Freiburg 
Germany 
Doreen.kalz@ise.fraunhofer.de  
 
Subtask D Leader 
Sophie Trachte  
Architecture et Climat - University of Lou-
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NATIONAL EXPERTS & CONTACTS  
The following is a list of National Experts & 
Contacts as identified as Participants of  
Task meetings or interested during 2011.  
Please go to the Task page on the SHC 
web site for updates: http://www.iea-
shc.org/task47 
 
Australia 
Richard Hyde 
Fac. Architecture, Design and Planning 
University of Sydney 
 
Francis Barram 
Fac. Architecture, Design and Planning  
University of Sydney 
 
Austria 
Thomas Mach 
Graz University of Technology 
 
Claudia Dankl 
Østerreichische Gesellschaft fur Umwelt    
    und Technik 
 
Christian Hettfleisch 
AIT Austrian Institute of Technology  
 
Belgium 
Wouter Hilderson 
Passiefhuis-Platform vzw 
 
Denmark 
Kirsten Engelund Thomsen 
Danish Building Research Institute 
 
Jørgen Rose 
Danish Building Research Institute 
 
Germany 
Johann Reiss 
Fraunhofer - Inst. Bauphysik 
 
Roman Jakobiak 
Daylighting 
 
Italy 
Ezilda Costanzo 
ENEA  
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Michael Klinski 
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TASK DESCRIPTION 
 
A tremendous increase in the market for 
air-conditioning can be observed world-
wide, especially in developing countries. 
The results of the past IEA SHC Tasks 
and work on solar cooling (the most recent 
Task 38: Solar Air-Conditioning and Re-
frigeration) on the one hand showed the 
great potential of this technology for build-
ing air-conditioning, particularly in sunny 
regions. On the other hand, it showed that 
further work is necessary to achieve eco-
nomically competitive systems and pro-
vides solid long-term energy performance 
and reliability. 
 
Objectives 
 
This Task will work to find solutions to 
make solar thermally driven heating and 
cooling systems at the same time efficient, 
reliable and cost competitive. These three 
major targets should be reached by focus-
ing the work on four levels of activity:  
 
1) Development of tools and procedure to 

make the characterization of the main 
components of SAC systems.  

 
2) Creation of a practical and unified pro-

cedure, adapted to specific best tech-
nical configurations.  

 
3) Development of three quality require-

ments targets. 
 
4) Production of tools to promote Solar 

Thermally Driven Cooling and Heating 
systems. 

 
Scope 
 
The scope of the Task is the technologies 
for production of cold water or conditioned 
air by means of solar heat, that is, the 
subject which is covered by the Task 
starts with the solar radiation reaching the 
collector and ends with the chilled water 
and/or conditioned air transferred to the 
application. However, the distribution sys-
tem, the building and the interaction of 
both with the technical equipment are not 

the main topic of the Task, but this interac-
tion will be considered where necessary. 
 
Structure 
 
The Task is divided into 4 subtasks (in-
cluding the detailed activities correspond-
ing for each as noted below). 
 
Subtask A: Quality procedure on com-
ponent level 
A1: Chiller characterization 
A2: Life cycle analysis at component level 
A3: Heat rejection 
A4: Pumps efficiency and adaptability 
A5: Conventional solar collection 
A6: State of the art on new collector & 
 characterization 
 
 
Subtask B: Quality procedure on sys-
tem level 
B1: System/Subsystem characterization & 
 field performance assessment 
B2: Good practice for DEC design and 
 installation 
B3: Life cycle analysis at system level 
B4: Simplified design tool used as a  
 reference calculation tool: design 
 facilitator 
B5: Self detection on monitoring  
 procedure 
B6: Quantitative quality and cost  
 competitiveness criteria for  
 systems 
 
Subtask C: Market support measures 

C1: Review of relevant international 
 standards rating and incentive 
 schemes  
C2: Methodology for performance  
 assessment, rating and bench
 marking 
C3: Selection and standardisation of best 
 practice solutions  
C4:  Measurement and verification  
 procedures 
C5: Labelling possibilities investigation 
C6: Collaboration with Task 45 for  
 contracting models 
C7: Certification process definition for 
 small systems 
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Subtask D: Dissemination and policy 
advice 
D1: Web site 
D2: Best Practices brochure 
D3: Simplified short brochure 
D4: Guidelines for roadmaps on solar 
 cooling 
D5: Updated specific training seminars 
 adapted to the quality procedure  

 D6: Outreach report 
 
Main Deliverables 
 
The main deliverables include: 
 Report on best practices on solar col-

lection components for quality, reliabili-
ty and cost effectiveness. 

 Quality procedure document/check 
lists guidelines for solar cooling. 

 Self detection on monitoring procedure 
report. 

 Soft tool package for the fast pre-
design assessment of successful pro-
jects. 

 Report and database of existing inter-
national standards, rating and incenti-
ve systems relevant to solar cooling. 

 Report on the rating, measurement 
and verification of solar cooling per-
formance and quality. 

 Report on the selected standard engi-
neering systems , 

 Report on alternative uses of the deve-
loped standards and rating framework. 

 Technical report about the results of 
the Life Cycle Assessment of Solar 
Cooling systems and LCA tool. 

 Website dedicated to the Task. 
 Training material for installers and 

planners and training seminars feed-
back report. 

 Semi-annual e-newsletter for the indu-
stry. 

 Industry workshops in national lan-
guages in participating countries ad-
dressing target groups (related to Ex-
perts meetings). 

 Best practices brochure. 
 Simplified short brochure (jointly edited 

by the Subtask Leader (Greenchiller) 
and IEA SHC Programme. 
 

 Guidelines for Roadmaps on Solar 
Cooling and possibly general interna-
tional roadmap on solar cooling (optio-
nal). 

 
Duration 
The Task started in October 2011 and will 
be completed in March 2015.   
 
Participating Countries 
Australia, Austria, Belgium, Canada, 
France, Germany, Italy, Singapore, South 
Africa, Spain, United States 
 
 
WORK DURING 2011 
 
The main activities were:  
 Built in and regular update of the Task 

Workplan (participants’ involvement): 
The main evolution on the Work Plan 
and Annex (updated on a version 
dated at October 2011) were on the 
Participant list and above all their par-
ticipation in related activities. The up-
dated documents are available on the 
Task website (www.iea-shc.org/task48  

 
 Confirmation of Task participants: Af-

ter the Task preparation meeting 
which occurred in March 2011 in Paris, 
some interests came from countries 
such as Singapore and South Africa. 
And, we had the great honor to wel-
come at the kick off meeting in Mar-
seille Professor Kim Tiow Ooi from 
Nanyang Technical University. The will 
to enlarge the participation over tradi-
tionnal European countries has permit-
ted to welcome as well M. Lucio Mes-
quita representing Queen’s University 
and therefore Canad. Dr. Mesquita, a 
native from Brasil, will try in the next 
months to motivate Brazilian authori-
ties to examine the possible participa-
tion of Brazil in Task 48  Other con-
tacts have been established with:  

- Mexico, Professor Roberto 
Best from UNAM (Mexico city)  

- Israel (Prof. Gershon Gross-
man from Technion Haifa) 

- Japan, R&D manager of the 
company, Kawasaki  
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 Task preparation meeting 1: Paris, 
March 28-29, 2011 (host: TECSOL, 25 
attendees) 
The full content of the presentations 
made at this meeting are available in 
the Task 48 website available for the 
Public at « Events » section. 
 

 First Task meeting (Marseille, October 
2011): 28 participants from 9 countries 
participated in the Task 48 kick-off 
meeting in Marseille October 2011. 
The meeting permitted work on the or-
ganization of the different activities 
and confirmed the participation of the 
countries in this new Task through dif-
ferent institutes and track. 

 
 Common workshop with SHC Task 44: 

The Task kick off meeting was held in 
conjunction to a Task 44 meeting 
(same place, same hotel and same 
schedule) - and at the end of the 2 
Task meetings, a common workshop 
was organized. This meeting was a 
very fruitful to exchange among Task 
48 and Task 44 experts on a transver-
sal issue: Performance indicators, per-
formance calculation and evaluation 
procedure for thermally driven chillers 
and Solar heating/DHW/cooling appli-
cations (heat pumps and  solar):  

 approaches, differences, next steps. 
 
Nearly 40 experts attended and 2 main 
presentations were made by Ivan 
Malenkovitch of AIT (Austria) and Task 
44 Subtask B leader and Stephen 
White of CSIRO (Australia) and Task 
48 Subtask C leader. 
 

 Press conference at ESTEC 2011: A 
press conference was co-organized by 
the OA's of Task 48 and Task 44, prof-
iting from the proximity of the 2 Ex-
perts meetings during this conference. 
The objective of this event was to pre-
sent the IEA SHC Programme and 
Tasks 44 and 48 to the media and the 
ESTEC attendees interested in SHC 
activities.  

 
 Task Announcement during OTTI con-

ference on Solar Air Conditioning 

(Larnaca, October 2011): This confer-
ence was held 2 weeks after the start 
of the Task and one week before the 
kick off meeting.  This conference is 
considered to be the most important 
one on solar cooling. The Task 48 OA, 
as member of the Scientific Commit-
tee, proposed to OTTI to profit from 
the conference to make a short an-
nouncement of the Task. 
 

 Established website:  The Task web-
site was developed. It can be found at 
www.iea-shc.org/task48. This website 
was very useful in preparation for the 
kick off meeting.   

  
 
Results in 2011 
 
 The subtask work did not start, but 
almost all the activities in the Work Plan 
were confirmed during the kick off meet-
ing, with significant contributions from par-
ticipants. The quality procedure docu-
ment/check lists (B5) was combined with 
C3 and the application for validation of 
preselected best practice examples (B8) 
was deleted due to a lack of contributions.  
 
 
WORK PLANNED FOR 2012  
 
According to the Work Plan, the following 
reports and deliverables should be avail-
able by the end of 2012:  

 Subtask C: Report and database of 
existing inter-national standards, 
rating and incentive systems rele-
vant to solar cooling 

 Subtask C: Report on the rating, 
measurement and verification of so-
lar cooling performance and quality  

 Subtask D: Task newsletters #1 & 
#2 

 Subtask D: Updated website 
 
MEETINGS IN 2011 
 
1st Expert Meeting 
October 18-19 
Marseille, France  
(In conjunction with ESTEC 2011) 
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MEETINGS PLANNED FOR 2012 
 
2nd Experts Meeting 
March 26-27 
Milano, Italy 
 

 
3rd Experts Meeting 
September 10-11 
Graz, Austria  
(In conjunction with Gleisdorf Solar) 
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TASK 48 NATIONAL CONTACTS 
 
Operating Agent 
Daniel MUgnier 
TECSOL SA 
105 avenue Alfred Kastler – BP90434 
FR – 66000PERPIGNAN 
France 
Tel: + 33 4 68 68 16 40 
daniel.mugnier@tecsol.fr 

 
Subtask A : Quality procedure on  
component 
Prof. Mario Motta 
Politecnico di Milano 
Dep. Energy - Via Lambruschini 4 
Milano 20156, Italy 
 
Subtask B : Quality procedure on  
system level 
Dr. Alexander Morgenstern 
Fraunhofer ISE 
Heidenhofstraße 2 
Freiburg 79110, Germany 
 
Subtask C : Market support measures 
Dr. Stephen White 
CSIRO 
PO Box 330 
Newcastle, NSW 2300, Australia 
 
Subtask D : Dissemination and policy 
advice 
Dr. Uli Jakob 
Green Chiller Association 
Verband für Sorptionskälte e.V. 
Stendaler Str. 4 
10559 Berlin, Germany 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NATIONAL EXPERTS & CONTACTS  
The following is a list of national experts & 
contacts as identified as participants of  
Task meeting or interested during 2011.   
 
Please go to the Task page on the SHC 
website for updates: http://www.iea-
shc.org/task48/index.html 
 
Australia 
Stephen White 
CSIRO 
 
Austria 
Alexander Thür 
AEE Intec  
 
Tim Selke 
AIT Vienna 
 
Reinhard Hofstaetter 
ASIC 
 
Moritz Schubert 
SOLID 
 
Daniel Neyer 
University of Innsbruck 
 
Belgium 
Sébastien Thomas 
University of Liege 
 
Canada 
Steve Harrisson 
Queen’s University 
 
Lucio Mesquita 
Thermosol Consulting 
 
France 
Amandine Le Denn 
TECSOL 
 
François Boudehenn 
CEA INES 
 
Franck Lucas 
PIMENT 
 
Patric Joubert 
LEPTIAB 
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Germany 
Alexander Morgenstern 
Jochen Doll 
Fraunhofer ISE 
 
Christian Zahler 
Industrial Solar GmbH 
 
Mathias Safarik 
ILK Dresden 
 
Christian Schweigler 
Martin Helm 
Manuel Riepl 
ZAE Bayern 
 
Dirk Pietruschka 
ZAFHNET 
 
Clemens Pollerberg 
Fraunhofer Umsicht 
 
Uli Jakob 
Green Chiller Association 
 
 
 
 
 
 
 

Italy 
Roberto Fedrizzi 
EURAC 
 
Mario Motta 
Marcello Aprile 
University Politechnico di Milano 
 
Marco Beccali 
Marco Finocchiaro 
Bettina Nocke 
University of Palermo, Dept Energia 
 
 
Singapore 
Kim Tiow 
Nanyang Technical University 
 
 
South Africa 
Erik M Kideren 
Ashway Ikapa 
 
Spain 
Angel Carrera 
Aiguasol 
 
 
United States 
Khalid Nagidi 
Energy Management Consulting 
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EXECUTIVE	  COMMITTEE	  MEMBERS	  
	  
AUSTRALIA	   	   	  
Mr.	  Max	  Maffucci	   	   	   	   	  
Standards	  Australia	  International	   	   	   	  
GPO	  Box	  5420	  	   	   	   	   	   	  
Sydney	  	  NSW	  2001	  
Tel:	  +61/2	  8206	  6710	  
Fax:	  +61/2	  8206	  6015	  
max.maffucci@standards.org.au	  	  
	  
Alternate	   	   	   	  
Mr.	  Ken	  Guthrie	   	   	   	   	   	  
Sustainability	  Victoria	  	   	   	   	  
Urban	  Workshop	   	   	   	   	   	  
Level	  28	   	   	   	   	   	   	  
50	  Lonsdale	  Street	  
Melbourne	  3000	   	   	   	   	   	  
Tel:	  +61/412	  178	  955	  
kenguthrie@bigpond.com	  	  
	  
AUSTRIA	   	   	   	  
Mr.	  Werner	  Weiss	  (Chairman)	  	   	   	   	  
AEE	  INTEC	   	   	   	  
Feldgasse	  19	  	   	   	  
A-‐8200	  Gleisdorf	  
Tel:	  +43/3112	  5886	  17	  
Fax:	  +43/3112	  5886	  18	  
w.weiss@aee.at	  	   	  
	   	  
Alternate	  
Mrs.	  Sabine	  List	  
BMVIT	  
Renngasse	  5	  
A-‐1010	  Vienna	  
Tel:	  +43/1	  71162	  652919	  
Sabine.list@bmvit.gv.at	  	  
	  
	  
	  
	  
	  
	  

BELGIUM	   	   	   	  
Prof.	  André	  De	  Herde	  	  	   	   	   	   	  
Architecture	  et	  Climat	  	  	  	  	  	  	  	   	   	  
Université	  Catholique	  de	  Louvain	   	   	   	  
Place	  du	  Levant,	  1	  
B-‐1348	  Louvain-‐la-‐Neuve	   	  
Tel:	  +32/10	  47	  21	  42	  	  
Fax:	  +32/10	  47	  21	  50	   	   	   	   	   	   	   	  
andre.deherde@uclouvain.be	  
	  
CANADA	   	   	   	  
Mr.	  Doug	  McClenahan	  	  
CanmetENERGY	   	   	  	  
580	  Booth	  Street	   	   	  
Ottawa,	  Ontario	  K1A	  0E4	   	   	   	  
Tel:	  +1/613	  996	  6078	  or	  Mob:	  +1/613/884-‐2333	  
Fax:	  +1/613	  996	  9416	  
dmcclena@nrcan.gc.ca	  	  
	  
CHINA	  
Prof.	  He	  Tao	  	  
China	  Academy	  of	  Building	  Research	  
30#,	  Beisanhuandonglu	  
Chaoyang	  District	  
Beijing	  100013	  
Tel:	  +86/10	  64517746	  
Fax:	  +86/10	  84288287	  
iac@vip.sina.com	  
	  
Alternate	  
Mr.	  Zhang	  Xinyu	  
(same	  address	  as	  above)	  
Tel:	  +86/10	  84278906	  
Fax:	  +86/10	  84288287	  
zxyhit@163.com	  	  
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DENMARK	   	   	   	  
Mr.	  Jens	  Windeleff	   	   	   	   	  
Danish	  Energy	  Agency	  	   	   	   	  
Amaliegade	  44	   	   	   	   	   	  
DK-‐1256	  Copenhagen	  K	   	  
Tel:	  +45/33	  92	  68	  18	  
Fax:	  +45/33	  11	  47	  43	  
jew@ens.dk	  	  
	  
Alternate	  
Mr.	  Jan	  Erik	  Nielsen	  
PlanEnergi	  
Aggerupvej	  1	  
DK-‐4330	  Hvalsö,	  DENMARK	  
Tel:	  +45/4646	  1229	  
Fax:	  +45/9839	  2498	  
jen@solarkey.dk	  	  
	  
EUROPEAN	  COMMISSION	   	   	  
Mr.	  Jose	  Riesgo	   	   	   	   	   	   	  
European	  Commission	  -‐DG	  ENER	  
Directorate	  C	  -‐	  New	  and	  Renewable	  Sources	  of	  	  
	  	  	  	  Energy,	  Energy	  Efficiency	  &	  Innovation	  
Rue	  De	  Mot	  24-‐3/	  152	  
B-‐1049	  Brussels	  
Tel:	  +32/2	  29	  57939	  
Fax:	  +32/2	  29	  66261	  
Jose.Riesgo@ec.europa.eu	  
	  
FINLAND	   	  
Mr.	  Martti	  Korkiakoski	   	   	   	   	   	  	  
Tekes,	  Finnish	  Funding	  Agency	  for	  Technology	  and	  
Innovation	  
P.O.Box	  69	  
FI-‐00101	  Helsinki	  
Tel:	  +358	  1060	  55875	  
martti.korkiakoski@tekes.fi	  
	  
FRANCE	  	   	   	   	  
Ms.	  Céline	  Coulaud	   	  
Département	  Energies	  Renouvelables	  (DER)	  
ADEME	  -‐	  Centre	  de	  Sophia	  Antipolis	  
500	  route	  des	  Lucioles	  
06560	  	  VALBONNE	  
Tel:	  +33/4	  93	  95	  72	  53	  
Fax:	  +33/4	  93	  65	  31	  96	  
celine.coulaud@ademe.fr	  	   	  
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Dr.	  Robert	  Drese	  
Projektträger	  Jülich	  
Energietechnologien	  (ERG1)	  
Forschungszentrum	  Jülich	  GmbH	  
52425	  Jülich	  
Tel:	  +49/2461	  61	  9293	  
Fax:	  	  +49/2461	  61	  3131	  
r.drese@fz-‐juelich.de	  	  
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Projektträger	  Jülich	   	  
Geschäftsbereich	  Erneuerbare	  Energien	   	  
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Zimmerstraße	  26-‐27	  
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Via	  Anguillarese,	  301	  
00123	  Rome	  
Tel:	  	  +39/06	  3048	  6256	  
Fax:	  +39/06	  3048	  3930	   	  
michele.zinzi@enea.it	  	  
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Dr.	  Wilfrido	  Rivera	  Gomez-‐Franco	  
National	  University	  of	  Mexico	   	  
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62580	  Temixco,	  Morelos	  	  
Tel:	  +52/555	  622	  9740	  
Fax:	  +52/777	  325	  0018	  
wrgf@cie.unam.mx	   	   	  
	  
Alternate	  
Dr.	  Camilo	  Arancibia	  Bulnes	   	  
same	  address	  as	  above	   	  
Tel:	  +52/555	  622	  9831	  
Fax:	  +52/777	  325	  0018	  
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NETHERLANDS	  
Mr.	  Lex	  Bosselaar	  
NL	  Agency	  	  
Postbus	  8242	  
3503	  RE	  UTRECHT	   	   	  
	   	  
Tel:	  +31/88	  602	  24	  95	  
Fax:	  +	  31/88	  602	  90	  25	  
lex.bosselaar@agentschapnl.nl	  	  
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Dr.	  Tore	  Wigenstad	  
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Alternate	  
Dr.	  Anne	  Gunnarshaug	  Lien	  	   	   	   	   	  
SINTEF	  Building	  and	  Infrastructure	  
NO-‐7465	  Trondheim	   	  
Visit	  address:	  Alfred	  Getz	  v	  3	  
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SINGAPORE	  
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Director,	  Research	  
200	  Braddell	  Road,	  ZEB	  Level	  3	  
579700	  
Tel:	  +65	  6248	  9988	  
Fax:	  +65	  6258	  0558	  
ang_kian_seng@bca.gov.sg	  
	  
SOUTH	  AFRICA	  
Dr.	  Thembakazi	  Mali	  
Senior	  Manager:	  Clean	  Energy	  Solutions	  
SANERI	  
P.O.	  Box	  786141	  
Sandton,	  2146	  
Tel:	  +27	  10	  201	  4782	  
Fax:	  +27	  10	  201	  4937	  
thembakazim@saneri.org.za	  	  
	  
Alternate	  
Prof.	  Ernst	  Uken	  
Head:	  CPUT	  Energy	  Institute	  
P.O.	  Box	  652	  
8000	  Cape	  Town	  
Tel:	  +27	  21	  460	  3127	  
Fax:	  +27	  21	  460	  3728	  
ukene@cput.ac.za	  
	  
SPAIN	   	  
Dr.	  María	  José	  Jiménez	  Taboada	  	   	  
Renewable	  Energy	  Division	  
CIEMAT	  
Carretera	  de	  Senés	  s/n	  	  
E-‐04200	  Tabernas	  (Almeria)	  
Tel:	  +34/950/387922	  
Fax:	  +34/950/365015	  

Alternate	  
Mr.	  Ricardo	  Enríquez	  Miranda	  	  
Renewable	  Energy	  Division	  
CIEMAT	  
Avenida	  Complutense,	  40	  
E-‐28040	  Madrid	   	   	   	  
Tel:	  +34/91	  3466052	  
Fax:	  +34/91	  3466037	   	  
ricardo.enriquez@ciemat.es	  	  
	   	  
SWEDEN	   	   	   	  
Dr.	  Jörgen	  Sjödin	  
Energy	  Technology	  Department	  
Swedish	  Energy	  Agency	   	   	   	  
Box	  310	   	   	   	   	  
SE-‐631	  04	  Eskilstuna	  
Tel:	  +46/16	  544	  21	  38	  
jorgen.sjodin@swedishenergyagency.se	  	  
	   	   	   	   	   	   	   	   	  
Alternate	   	   	   	  
Ms.	  Marie	  Claesson	   	   	   	  
Same	  address	  as	  above	  
Tel:	  +46/16	  544	  20	  73	  
Marie.Claesson@swedishenergyagency.se	  	  

	   	   	   	   	   	   	   	   	  
SWITZERLAND	   	   	  
Mr.	  Andreas	  Eckmanns	  	   	   	   	   	   	  
Federal	  Office	  of	  Energy	  
CH	  3003	  Bern	  
Tel:	  41/31	  322	  54	  61	  
andreas.eckmanns@bfe.admin.ch	  
	   	   	   	   	  	  	  	  
Alternate	   	   	   	  
Mr.	  Urs	  Wolfer	   	   	   	   	   	  
Same	  address	  as	  above	  
Tel:	  	  +41/31	  322	  56	  39	  
Fax:	  +41/31	  323	  25	  00	   	   	   	   	  
urs.wolfer@bfe.admin.ch	  	  
	  
UNITED	  STATES	   	   	   	  
Dr.	  Bahman	  Habibzadeh	  	   	   	   	   	  
U.S.	  Department	  of	  Energy	  
1000	  Independence	  Ave,	  SW	  
Washington,	  DC	  	  	  20585-‐0121	  
Tel:	  +1/202	  287	  1567	  
Bahman.Habibzadeh@ee.doe.gov	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	   	  

mjose.jimenez@psa.es	  	  
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OPERATING	  AGENTS	  
	  
TASK	  36	  -‐	  Solar	  Resource	  Knowledge	  	  
	  	  	  Management	  
Dr.	  David	  S.	  Renné	   	  
2385	  Panorama	  Ave.	  
Boulder,	  CO	  80304	  UNITED	  STATES	  
Tel:	  	  +1/303	  517	  8290	  
Fax:	  	  +1/303	  444-‐1757	   	   	  
drenne@mac.com	  	  
	  	  
TASK	  38	  -‐	  Solar	  Air	  Conditioning	  and	  Refrigeration	  
Dr.	  Hans-‐Martin	  Henning	   	   	   	   	  
Fraunhofer-‐Institut	  for	  Solar	  Energy	  Systems	  	  
Heidenhofstr.	  2	   	   	   	   	  
D-‐79110	  Freiburg,	  GERMANY	  
Tel:	  +49/761	  45885134	  
Fax:	  +49/761	  45889000	  
hans-‐martin.henning@ise.fraunhofer.de	  	  	  
	  
TASK	  39	  -‐	  Polymeric	  Materials	  for	  Solar	  Thermal	  
Applications 
Mr.	  Michael	  Köhl	   	   	   	   	  
Fraunhofer	  Institute	  for	  Solar	  Energy	  Systems	  
Heidenhofstr.	  2	   	   	   	   	   	  
D-‐79	  110	  Freiburg,	  GERMANY	  
Tel:	  +49/761	  45885124	  
Fax:	  +49/761	  45889124	  
michael.koehl@ise.fraunhofer.de	  	  
	  
TASK	  40	  –	  Towards	  Net	  Zero	  Energy	  Solar	  	  
	  	  	  Buildings	  
Mr.	  Josef	  Ayoub	  
CanmetENERGY	  
Natural	  Resources	  Canada	   	  
1615	  Lionel-‐Boulet	  Blvd.	  
Varennes	  QC	  J3X	  1S6,	  CANADA	  
Tel:	  +1/450	  652	  1981	  
Fax:	  +1/450	  652	  517	   	  
Josef.Ayoub@rncan-‐nrcan.gc.ca	  	  
jayoub@encs.concordia.ca	  	  
	  
TASK	  41	  -‐	  Solar	  Energy	  and	  Architecture	  
Ms.	  Maria	  Wall	  
Dept.	  of	  Architecture	  and	  Built	  Environment	  	  
Lund	  University	  	  
P.O.	  Box	  118	  
SE-‐221	  00	  Lund,	  SWEDEN	  
Tel:	  +46/46	  222	  9662	   	  
Fax:	  +46/46	  222	  4719	  
maria.wall@ebd.lth.se	  	  
	  
	  
	  
	  
	  
	  

	  
	  
TASK	  42	  -‐	  Compact	  Thermal	  Energy	  Storage	  
Mr.	  Wim	  van	  Helden	   	  
Renewable	  Heat	  
Oosterstraat	  15	  
1741	  GH	  Schagen,	  NETHERLANDS	  
Tel:	  +31/224	  752098	  
Mob:	  +31/	  62014	  3224	  
wim@wimvanhelden.com	  	  
	  
TASK	  43	  -‐	  Rating	  and	  Certification	  Procedures	  
Mr.	  Les	  Nelson	  
IAPMO	  
5001	  E.	  Philadelphia	  St.	  
Ontario,	  CA	  	  91761	  USA	  
Tel:	  +1/909/218	  8112	  
Les.nelson@iapmo.org	  
	  
Mr.	  Jan	  Erik	  Nielsen	  
PlanEnergi	  –	  Zealand	  Department	  
Aggerupvej	  1	  
DK-‐4330	  Hvalsö,	  DENMARK	  
Tel:	  +45/4646	  1229	  
Fax:	  +45/9839	  2498	  
jen@solarkey.dk	  
	  
TASK	  44	  -‐	  Solar	  and	  Heat	  Pump	  Systems	  	  
Mr.	  Jean-‐Christophe	  Hadorn	   	   	  
BASE	  CONSULTANTS	  SA	  
8	  rue	  du	  Nant	  
CH-‐1211	  Geneva,	  SWITZERLAND	  
Tel:	  +	  41/22	  840	  20	  80	  
Fax:	  +41/22/840	  20	  81	  	  
jchadorn@baseconsultants.com 	  
	  
TASK	  45	  -‐	  Large	  Solar	  Heating	  &	  Cooling	  Systems	  
Mr.	  Jan	  Erik	  Nielsen	  
PlanEnergi	  –	  Zealand	  Department	  
Aggerupvej	  1	  
DK-‐4330	  Hvalsö,	  DENMARK	  
Tel:	  +45/4646	  1229	  
Fax:	  +45/9839	  2498	  
jen@solarkey.dk	  	  
	  
TASK	  46	  -‐	  Solar	  Resource	  Assessment	  	  
	  	  	  and	  Forecasting	  
Dr.	  David	  S.	  Renné	  
2385	  Panorama	  Ave.	  
Boulder,	  CO	  80304	  UNITED	  STATES	  
Tel:	  	  +1/303	  517	  8290	  
Fax:	  	  +1/303	  444-‐1757	   	  
drenne@mac.com	  	  
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TASK	  	  47	  -‐	  Renovation	  in	  Non-‐Residential	  	  
	  	  	  Buildings	  
Mr.	  Fritjof	  Salvesen	   	  
Asplan	  Viak	  AS	  
Kjørboveien	  12	  
P.O.Box	  24	  
1300	  Sandvika,	  NORWAY	  
Tel:	  +47	  40	  40	  7853	  
Fax:	  +47/67	  52	  52	  99	  
fritjof.salvesen@asplanviak.no	  	  
	  
TASK	  48	  –	  Quality	  Assurance	  and	  Support	  	  
	  	  	  Measures	  for	  Solar	  Cooling	  	  
Mr.	  Daniel	  Mugnier	  
TECSOL	  SA.	  
105	  av	  Alfred	  Kastler	  -‐	  BP	  90434	  
66	  004	  Perpigan	  Cedex,	  FRANCE	  
Tel:	  +33	  4	  68	  68	  16	  42	  
Fax	  :	  +33	  (0)	  4	  68	  68	  16	  41	  	  
E-‐mail	  :	  daniel.mugnier@tecsol.fr	  

TASK	  	  49	  -‐	  Solar	  Process	  Heat	  for	  Production	  	  
	  	  	  and	  Advanced	  Applications	  
Mr.	  Christoph	  Brunner	  
AEE	  INTEC	  
Feldgasse	  19	  	   	   	  
A-‐8200	  Gleisdorf,	  AUSTRIA	  
Tel:	  +43/3112	  5886	  17	  
Fax:	  +43/3112	  5886	  18	  
c.brunner@aee.at	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

ADMINISTRATION	  
	  
SHC	  SECRETARIAT	  
Ms.	  Pamela	  Murphy	  	   	   	   	   	  
KMGroup	   	   	   	   	   	  
9131	  S.	  Lake	  Shore	  Dr.	   	   	  
Cedar,	  Michigan	  	  49621,	  USA	  
Tel:	  	  	  +1/231	  620	  0634	  
Fax:	  	  +1/231	  228	  6017	  	   	  
pmurphy@KMGrp.net	  	   	   	  
secretariat@iea-‐shc.org	  	  
	  
WEBMASTER	  
Mr.	  Randy	  Martin	  	   	  
R.	  L.	  Martin	  &	  Associates,	  Inc.	  
6851	  Spanish	  Bay	  Drive	  
Windsor,	  Colorado	  80550,	  USA	  
Tel:	  +1	  /970	  219	  2605	  
Fax:	  +1/303	  379	  4498	  
randy@rlmartin.com	  	  	   	  
	  
SHC	  CONFERENCE	  	  
Dr.	  Andreas	  Häberle 
PSE	  AG	  
Emmy-‐Noether-‐Str.	  2	  
79110	  Freiburg	  
Germany	  
Tel:	  +49	  761	  479	  14	  14	  
Fax:	  +49	  761	  479	  14	  44	  
andreas.haeberle@pse.de	  	  
	  

SHC	  INFORMATION	  CENTER	  
Mr.	  Uwe	  Trenkner	  
Trenkner	  Consulting	  
Rue	  Anatole	  France	  134	  
1030	  Brussels,	  BELGIUM	  
Tel:	  +32/2	  242	  15	  55	  
Mob:	  +32/499	  265	  865	  
uwe@trenknerconsulting.com	  	  
communications@iea-‐shc.org	  	  
	  
IEA	  SECRETARIAT	  LIAISON	  
Mr.	  Yoshiki	  Endo	   	   	   	   	  
International	  Energy	  Agency	  
9	  rue	  de	  la	  Fédération	  
75739	  Paris	  Cedex	  15,	  	  FRANCE	  	  	  	  	  	  	  	  	  	  	  	  	  
Tel:	  	  +33/1	  40	  57	  65	  62	   	   	   	   	  
Fax:	  +33/1	  40	  57	  67	  59	  
yoshiki.endo@iea.org	  	  
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