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Chairman’s Report 
	
  
	
  .................................................................	
  	
  
	
  
Werner Weiss 
AEE INTEC, Austria 
	
  
 
 
This year was an exciting year for the SHC Programme and Solar Thermal.  The importance 
of this technology in our world today was showcased in three major events and the in-depth 
work of our projects.  The first event was SHC 2012: 1st International Conference on Solar 
Heating and Cooling for Buildings and Industry.  The conference was held in July in San 
Francisco, California and welcomed over 220 participants from 31 countries.  The 
conference program included 120 presentations, including 16 keynote lectures, and 90 
scientific posters.  The second event was the presentation of the prestigious SHC Solar 
Award to Dr. Fred Morse at SHC 2012.  And to cap off the year, the IEA published its 
Roadmap on Solar Heating and Cooling.  
 
Each of these events succeeded in informing policy and decision makers about the 
possibilities of solar thermal as well as the achievements of our Programme.  
 
And with the start of 2013, we are continuing to advance the application of solar heating and 
cooling in our homes, public and private buildings, industries, and communities.  We are 
doing this by providing 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. 
 
Come learn and share at SHC 2013: 2nd 
International Conference on Solar Heating and 
Cooling for Buildings and Industry in Freiburg, 
Germany on September 23-25.  The Executive 
Committee is happy to organize this conference 
in cooperation with the European Solar Thermal Industry Federation.  Conference details 
can be found at http://www.shc2013.org. 
 
 

 
Werner	
  Weiss,	
  	
  
SHC	
  Executive	
  Committee	
  Chairman	
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SOLAR THERMAL OUTLOOK 
The SHC Programme publishes the only annual global statistics report, Solar Heat 
Worldwide: Markets and Contribution to the Energy Supply. The 2013 edition reports that in 
2011, solar thermal technologies produced 195.0 TWh – which relates to an oil equivalent of 
over 20.8 million tons and an annual avoidance of 63.9 million tons of CO2 emissions. New 
installations grew 14.0 % compared to 2010 again with China as a main market driver and 
absolute leader in terms of cumulated area installed followed by Turkey, Germany, Brazil 
and India. 
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Total capacity of newly installed flat-plate and evacuated tube collectors  
in the 10 leading countries in 2011. 

 
 
 
Key findings: 

 Cumulated capacity in operation in 2011 was 235.1 GWth (335.8 million m²): 
• 62.1 % evacuated tube collectors 
• 28.2 % flat plate collectors 
• 9.1 % unglazed plastic collectors 
• 0.7 % air collectors 

 China and Europe accounted for 92.4 % 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: 

• Israel: 34.8 kWth; China: 30.2 kWth; Austria: 19.6 kWth; Cyprus: 17.8 kWth; 
Turkey: 16.0 kWth  

 2012 data estimate of the total capacity in operation is 271.6 GWth 
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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 2012, the Executive Committee approved: 
 
Work to start in 2012: 

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

 
Work to start in 2013: 

 Task 51: Solar Energy in Urban Planning (Lead Country: Sweden) 
This Task will support urban planners, authorities and architects to achieve urban 
areas, and eventually whole cities, with architecturally integrated solar energy 
solutions (active and passive).  This will include developing processes, methods, and 
tools capable of assisting cities in developing a long-term urban energy strategy. 

 
 Task 50: Advanced Lighting Solutions for Retrofitting Buildings (Lead Country: 

Germany) 
This Task will work to accelerate retrofitting of daylighting and electric lighting 
solutions in the non-domestic sector using cost effective, best practice – approaches, 
which can be used on a wide range of typical existing buildings.  The work will build 
upon the results of SHC Tasks 21, 31, 46 and 47 as well as work in the ECBCS 
Programme.  
 

Work to be further defined: 
 Solar Thermal & Energy Economics in Urban Environments 
 PV Cooling and Heating 
 Innovative Low-cost Solar Water Heating Systems  

 
SHC Conference 

SHC 2012 was a successful start to the IEA SHC Programme's new series – International 
Conference on Solar Heating and Cooling for Buildings and Industry. 
 
We were happy to welcome 220 participants from 31 countries to our first conference held in 
July in San Francisco, California, USA.  The conference program consisted of 120 
presentations, including 16 keynote lectures and the launch of the IEA roadmap on Solar 
Heating and Cooling. About 90 scientific posters were displayed throughout the conference. 
 
I wish to thank all the authors for their high quality contributions. Also, many thanks to the 
scientific committee for their dedicated support with the reviewing procedure. 
 
SHC 2013 will be held September 23-25 in Freiburg, Germany.  The SHC Programme and 
the European Solar Thermal Industry Federation (ESTIF) are jointly organizing this 
conference. 
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SHC Solar Award 

The 2012 SHC Solar Award was given to Dr. Fred Morse. He received the award at the SHC 
2012 conference dinner in San Francisco. For many years, Fred Morse has been an 
outstanding promoter of solar energy and served the IEA SHC between 1976 and 2007 in 
various roles – amongst others, as its first chairman. 
 
The SHC Solar Award is given to an individual, company, or private/public institution that 
has shown outstanding leadership or achievements in the field of solar heating and cooling, 
and that supports the work of the IEA Solar Heating and Cooling 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. In addition, another  joint 
meeting of the Executive Committees will be held 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 
Agents from each 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 and SHC Task 49: Solar Heat Integration in Industrial 
Processes. 
 
IEA Buildings Coordination Group is represented by the SHC Chairman who attends the 
semiannual meetings. 
 
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 7th SHC/Trade Association meeting was held July 11, 2012 
in conjunction with SHC 2012 in San Francisco, California, USA. The 8th meeting is planned 
for September 2013 in conjunction with the SHC 2013 conference in Freiburg, Germany.  
 
ETP RHC (European Technology Platform on Renewable Heating and Cooling), the 
SHC Programme, represented by Mr. Werner Weiss, Dr. Wim van Helden and Dr. Daniel 
Mugnier, continues to serve on the ESTTP Steering Committee and on the Platform’s board 
to support the Platform’s objectives. 
 
European Solar Thermal Industry Federation, the SHC Programme has signed a 
Memorandum of Understanding with ESTIF to jointly organize the SHC 2013 conference 
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with the option to collaborate on future SHC conferences. 

EXECUTIVE COMMITTEE MEETINGS 
2012 Meetings 
The Executive Committee held two meetings: 

 July 12-13 in San Francisco, California, USA  
 November 27-29 in Louvain-la-Neuve, Belgium 

 
2013 Meetings 
The Executive Committee will hold two meetings: 

 June 12-15 in Rome, Italy 
 October 30 – November 1 in Singapore 

A SUCCESSFUL TEAM  
Last but not least, I want to thank the outgoing vice chairmen Markus Kratz and João A. 
Farinha Mendes and the incoming vice chairmen Ken Guthrie and He Tao, all members of 
the Executive Committee, the Operating Agents of the Tasks as well as all the experts 
working in our projects, the secretariat, Pamela Murphy, the webmaster, Randy Martin, and 
our communication manager, Uwe Trenkner. The successful collaboration of this excellent 
team has once again ensured a top-notch year for the SHC Programme. 
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CONTRACTING PARTIES 

 
Australia 
Austria 
Belgium 
Canada 
China 
Denmark 
European Commission 
Finland 
France 
Germany 
Italy 

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

 
SPONSORS 
 
ECREEE (ECOWAS Centre for Renewable Energy and Energy Efficiency) 
 
 
 
 
Participation in the Programme remains strong with 20 Member countries, the 
European Commission, and the Programme’s first Sponsor, ECREEE, actively 
involved in the Programme’s management and the work of the Tasks.   
 
Communication continued with countries invited to join the Programme–Brazil, 
Chile, European Cooper Institute, India, Japan, SEIA, Slovenia, South Korea, 
Thailand, Tunisia, Turkey, Qatar, and United Kingdom. 
 
In 2012, the Executive Committee unanimously voted to invite: 

 Tunisia to join the Agreement as a Contracting Party, and 
 European Cooper Institute as a Sponsor. 
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WHY JOIN THE SHC PROGRAMME? 

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	
  Task	
  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	
  the	
  Programme	
  then	
  contact	
  the	
  Operating	
  

Agent	
  of	
  the	
  Task	
  you	
  are	
  interested	
  in	
  joining	
  and	
  contact	
  the	
  Executive	
  Committee	
  
member	
  from	
  your	
  country.	
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  .................................................................	
  	
  
 
 
TASK 39:  POLYMERIC MATERIALS FOR SOLAR THERMAL APPLICATIONS 

Publication of Vol. 1 of the Solar Heating and Cooling Series 
The Task 39 handbook Polymeric Materials for Solar Thermal Applications 
is the first in the new Solar Heating and Cooling Series. This first of its kind 
book discusses how the use of polymers makes solar thermal applications 
more economically attractive and bridges the gap between basic science 
and technological applications. This application-oriented handbook is 
relevant for researchers, scientists, engineers, and technicians active in 
the solar thermal field and/or polymer sector and a useful companion for 
everyone who is interested in working his/her way into this promising field 

of research. Polymeric Materials for Solar Thermal Applications is available at www.wiley 
vch.de.   ISBN: 978-3-527-33246-5. 

 
TASK 40:  TOWARDS NET ZERO ENERGY SOLAR BUILDINGS 

NetZEB Evaluation Tool 
This evaluation tool is an Excel-based platform tool that enables 
energy balance, operating cost and load match index calculation 
for predefined selected definitions of net-zero energy buildings. It 
aims to evaluate solutions adopted in building design with respect 
to different NetZEB definitions (for building designers), assessing 
the balance in monitored buildings (for energy managers), and 
assisting the implementation process of NetZEBs within the 
national normative framework (for decision makers). The Tool and 

supporting material are available on the SHC website.  
 
This is a collaborative Task with the IEA Energy Conservation in Buildings and Community 
Systems (ECBCS) Implementing Agreement. 

 
TASK 41:  SOLAR ENERGY & ARCHITECTURE 

Solar Energy Systems in Architecture – Integration  
Criteria and Guidelines 
This document summarizes the knowledge needed to integrate 
active solar technologies into buildings, handling at the same 
time architectural integration issues and energy production 
requirements. For each technology, the guideline addresses 
the main technical information, constructive/ functional 
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integration possibilities in the envelope, system sizing and positioning criteria, good 
integration examples, and standard products and Innovative market products. The report 
concludes with a short section describing the differences and similarities between solar 
thermal and photovoltaic systems, with the purpose to help architects optimize the use of the 
sun exposed surfaces of their buildings. The report is available on the SHC website. 

  
TASK 42:  COMPACT THERMAL ENERGY STORAGE 

Prototype Reactors for TCM Storage 
Several institutes have conducted work on new types of reactors for 
Thermochemical Energy Storage.  The active volume of this generation of 
reactors is in the order of several tens of liters, making it possible to see the 
effects of using larger quantities of the active thermochemical storage 
material. (Photo: EMPA’s liquid sorption prototype reactor) 
 
This is a collaborative Task with the IEA Energy Conservation through 
Energy Storage (ECES) Implementing Agreement. 

 
TASK 43: ADVANCED SOLAR THERMAL TESTING AND CHARACTERIZATION FOR 
CERTIFICATION OF COLLECTORS AND SYSTEMS 

Roadmap of Collector Testing and Certification Issues 
A comprehensive roadmap on existing collector testing processes was 
completed.  It serves three purposes 1) to provide a comprehensive guide 
to how tests and standards are applied and how they relate to 
certification, 2) to identify gaps, inconsistencies and weaknesses along 
with approaches to addressing problems, and 3) to propose recommend-

ations for improving procedures in order to accommodate emerging technologies where 
standards and testing approaches are under development.   

 
TASK 44: SOLAR AND HEAT PUMP SYSTEMS 

Definition of Performance Figures  
Experts in this Task have defined system boundaries inside a 
typical solar and heat pump configuration. Different limits have 
been drawn starting from around each component (for example 
around the heat pump to define its COP) to the complete 
system defining the system seasonal or annual performance 
factor SPF or APF such as the SHP+ limit depicted in the 
illustration. 

 
This is a collaborative Task with the IEA Heat Pump (HPP) Implementing Agreement.  

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

Design Handbook 
Several contributions to the Task’s design handbook on design 
guidelines for large solar systems were finalized.  Inputs included 
collector field performance, heat exchanger performance, 
collector efficiency, etc.  The Operating Agent was also invited by 
the Chinese Lanzhou Technical University to give a presentation 
on the Task’s work.  
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TASK 46: SOLAR RESOURCE ASSESSMENT AND FORECASTING 

Observational and Numeric Modeling for Solar Forecasting 
Work is underway to assess the suitability of various 
observational schemes and numerical modeling techniques to 
provide solar forecasts over time intervals from hour-ahead to 1-
3-days ahead.  For hour-ahead forecasts, critical to system 
operators attempting to effectively match varying loads with 
variable renewable energy technologies, application of Total Sky 
Imagers or all sky cameras appears promising. A new group that 

joined the Task 46, the Laboratoire PIMENT at the Université Réunion on Réunion Island, is 
investigating how images collected from all-sky cameras can be used to predict short-term 
cloud motions. 
 
This is a collaborative Task with the IEA Photovoltaic Power Systems (PVPS) Implementing 
Agreement and the SolarPACES Implementing Agreement. 

 
TASK 47: SOLAR RENOVATION OF NON-RESIDENTIAL BUILDINGS 

Exemplary Renovations 
Four exemplary renovation project summaries are available on the 
Task 47 webpage. The projects from Denmark, Italy and Norway, are 
described in 8-page brochures presenting the key renovation actions 
as well as energy performance numbers and costs. The projects show 
a 50-75% reduction in heat consumption and a 50-70% reduction in 
overall energy demand. 
. 
  

 
TASK 48: QUALITY ASSURANCE AND SUPPORT MEASURES FOR SOLAR COOLING 

Market Assessment 
A list of market available chillers compatible with solar cooling was 
compiled by the Task experts to give a complete overview of the actual 
situation in this field. In addition, 28 operating solar DEC (SDEC) system 
were identified.  In terms of numbers, Germany, Italy and Austria cover two-
thirds of all the identified SDEC installations. 
 
. 

 
TASK 49: SOLAR HEAT INTEGRATION IN INDUSTRIAL PROCESSES 

Guideline for Solar Process Heat in Breweries 
Within the SOPREN project (solar process heat and energy 
efficiency), the University of Kassel systematically investigated 
the possibilities for the integration of solar heat in breweries.  
The outcome of this investigation is a guideline that contains all 
relevant information regarding applied processes and energy 
consumption in breweries.   

 
This is a collaborative Task with the IEA SolarPACES Implementing Agreement. 
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Advancements in Compact Thermal Energy Storage  
 
This article was contributed by numerous experts working in the collaborative IEA SHC Task 
42/ECES Annex 24 on Compact Thermal Energy Storage: Materials Development for 
System Integration – Wim van Helden1, Andreas Hauer, Simon Furbo, Oleksandr Skrylnyk, 
Thomas Nuytten, Alenka Ristić, Stefan Henninger, Camilo Rindt, Frank Bruno, Ana Lázaro, 
Lingai Luo, Daniele Basciotti, Andreas Heinz, Robert Weber, Ines Fernandez, Luisa Cabeza, 
Justin Chiu, Herbert Zondag, Ruud Cuypers, Jochen Jänchen, Bernhard Zettl, Eberhard 
Lävemann  
 
 

 

Introduction 
Since January 2009, experts in the fields of material development and system integration 
have been working together in a joint project of the IEA Solar Heating and Cooling (SHC) 
Programme and the IEA Energy Conservation through Energy Storage (ECES) Programme.  
The objective of this project, referred to as SHC Task 42/ECES Annex 24 - Compact Thermal 
Energy Storage: Materials Development for System Integration, is to develop better materials 
for the compact storage of heat and to design, build and test systems in which these novel 
materials are applied.  
 
To achieve this ambitious objective over 50 organisations from 17 countries have 
collaborated in national and international projects, and the results range from new compact 
storage materials, through better testing and characterisation methods to numerical methods 
for predicting the performance of novel materials of components and systems. This article 
highlights some of these developments. 
 
Advancements in Thermal Storage Materials 
Salt hydrates are very interesting thermal storage materials in terms of their high storage 
density (~1 GJ/m3) potential at relatively low temperatures. In addition, many salt hydrates 
are a low cost material. The Energy Research Centre of The Netherlands (ECN) and  
Eindhoven University of Technology are collaborating in a materials research project to study 
the application of several salt hydrates in seasonal thermochemical solar heat storage (see 
Figure 1 [10]). 
 
Composite Materials 
One new class of materials is the so-called composite materials, which are based on a 
porous carrier matrix and a salt. The carrier matrix fulfils different functions: it defines the 
stability, the shape and the size of the material, which can be specially adapted for the 
application. It also provides a high inner surface allowing a fine dispersion and uniform 
distribution of the salt within the carrier matrix.  Salts on active carrier matrices as well as 
salts on honeycomb matrices have been  produced as part of the project’s collaborative work 
with the National Institute of Chemistry (NIC) in Slovenia and the Fraunhofer Institute for 
Solar Energy FhG ISE in Germany (see Figure 2).  The hygroscopic salt introduced in the 
porous matrices was CaCl2. 

                                            
1 Renewable Heat, Oosterstraat 15, Schagen, The Netherlands. email: Wim@wimvanhelden.com phone +31 224 
752098.  For the complete co-authors list, see end of the article 
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Figure 1. TG (lower curves, in red) and DSC (upper curves, in blue) of the dehydration  
reaction at 13 mbar water vapor pressure and a heating rate of 0.5 K/min of (a) Li2SO4.H2O,  
(b) CuSO4.5H2O, (c) MgSO4.7H2O and (d) MgCl2.6H2O powders sieved at 100-200 µm.  
 
 
 

 
 
Figure 2. SEM and TEM images of A) CaCl2- disordered iron silicate matrix and B) CaCl2-ordered  
silicate matrix. 
 
 
The new composite materials showed improved performance for water uptake and thus for 
energy storage density.  The, cycling tests showed a relatively low decrease of uptake 
capacity of about 4% absolute after 20 cycles (see Figure 3).  After the cycling tests, the 
porous structures of both composites had not changed and there was no leaching of CaCl2 
observed [12,13].  At TNO in The Netherlands, CaCl2 was further successfully encapsulated 
in an open polymer matrix, showing decreased dehydration temperatures and adequate 
cycling stability while retaining its solid form during operation [18,19]. 
 
Zeolite Materials 
Improvements have been made in zeolite materials. Generally, zeolite crystals have sizes of 
about 50 micrometer. To form granules of zeolite these crystals are bound by a clay-like 
binder material, which is inactive. This results in a lower storage capacity of the zeolite. New 
binderless zeolites have been developed in a German collaboration between the University 
of Applied Sciences Wildau and Chemiewerke Bad Köstritz, in which the complete granules 
consist of active material (see Figure 4), thus increasing the storage density of the material.  
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Figure 3: Water uptake curves at 40oC and hydrothermal stability after 20 cycles between 150°C  
and 40°C at water vapour pressure 5.6kPa. 

 

 
 
 
 
 
 
 
 
 

 
Phase Change Materials 
Besides as a storage material, phase change materials (PCMs) can be used as a heat 
transfer fluid in the form of slurries. The University of Zaragoza designed, built and tested an 
experimental test facility for determining the heat transfer coefficient of mPCM 
(microencapsulated Phase Change Materials) and emulsions (Figure 5, left). Thus the 
thermal behaviour of these fluids can be compared to water. The experimental results 
demonstrated that the energy stored in the investigated mPCM slurry is 75% higher than the 
energy stored in the same temperature range with water, see Figure 5, right [14]. 
 
 

  
Figure 5. Schematic diagram of the experimental set up (left) and determined heat transfer coefficient 
using the experimental set up (right). 

Figure 4. Microscopic images showing a detail of the surface of molecular sieve beads (diameter 
1.6-2.5 mm) of 13XBF (left) and 4ABF.  Both show an overall zeolitic morphology, without any 
binder. 

14



 
Feature Article: Compact Thermal Storage 

www.iea-shc.org 
 

Solid Sensible Materials 
In the field of solid sensible thermal energy storage materials for medium temperature, work 
is underway to find inexpensive, alternative materials for the relatively high cost materials.  
The Diopma (University of Barcelona), GREA at the University of Lleida and PROMES from 
CNRS-UPVD Perpignan are collaborating to evaluate alternative materials that are by-
products from the mining and metallurgical industry.  The thermal properties of several 
materials in granulated or powdery form were evaluated. And, two approaches were followed 
to shape them, 1) compression molding, if the resulting shape had mechanical integrity and 
2) inclusion in some mortar formulations using either Portland, Alumina and Phosphate 
cements as the binder to optimize the thermal properties of the final material. A multi-criteria 
selection method was applied to select the materials with the best performance/cost ratio, 
see Figure 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The density times cost value versus thermal diffusivity of several high-temperature thermal 
storage materials. 
 
 
In an experimental set-up, two of the selected materials, by-products of the salt industry, 
were tested in a 50 litre stainless steel tank. The experiments showed corrosion in the tanks, 
despite a protective coating. Further research will address these corrosion aspects. 
 
Components 
The new compact storage materials require new devices to effectively charge and discharge 
the material. A number of different reactors have been designed, built and tested. These 
range from fixed bed reactors, falling granule reactors with cross-flow air, rotating bed 
reactors and liquid condenser/evaporator reactors. 
 
TNO in The Netherlands is working on a finned heat exchanger geometry (Figure 7) with the 
sorption material attached to the surface of the fins. The heat exchanger is placed in a low-
pressure vessel [16,17]. Also in The Netherlands, ECN is developing an open (atmospheric) 
sorption system for seasonal heat storage, base on a packed bed of salt hydrate. A lab 
prototype is shown in Figure 8 [11]. 
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Figure 7.  Left: Prototype sorption reactor from TNO, with solid sorption material attached to the 
fins of the heat exchanger. Right: measured cumulatively discharged heat (in J) and temperature 
difference (in K) during first 750 seconds discharge. 
 

 
 
Figure 8: Left: Bulk type open sorption prototype reactor of ECN. Right: system design. 
 

In Switzerland, EMPA has topped-up their one-stage liquid sorption reactor with a second 
stage to allow for the generation of higher temperatures from the thermal storage  (Figure 9).  
 
In Austria, ASiC is working on another reactor type for storage purposes (Figure 10). In this, 
the active material is transported slowly trough a rotating drum, in order to have an efficient 
heat and mass transfer between the grains of material and the air flow in the drum. 
 
 

 
 
  
 
 
 
 
 
 
 
 

 

Figure 9. EMPA liquid sorption 
reactor first stage (left, upper 
dishes covered with insulation) 
and one of the heat/mass 
exchangers of the second stage 
(right). 
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In Belgium, a project consortium around the University of Mons, is working on a seasonal 
storage system based on a closed solid sorption system, at pressures between 1 and 60 
mBar [7,8]. A laboratory-scale thermal storage apparatus has been built and experimentally 
tested, see Figure 11. Initial results show some degradation in the heat and mass transfer, 
but no changes in energetic output or chemical stability of the applied strontium bromide. 
Other materials will be tested in following experiments. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11. Laboratory scale prototype designed for Solautark project. 
 
 
When using phase change materials for thermal energy storage, in general the challenge is 
to overcome the intrinsically low thermal conductivity of the material. At the Technical 
University of Denmark (DTU), a compact seasonal heat storage based on a sodium acetate 
water mixture with stable supercooling is being developed. Here, the sodium acetate water 
mixture is placed in large, thin cassettes with heat exchangers at the walls, resulting in high 
heat transfers to/from the active material, see Figure 12. A challenge in the development is 
making sure that the nucleation (initiation of the solidification process) is stable [9].  
 
Thermal energy storage solutions at the residential level may help to decouple the heat 
demand from the electricity demand in the future and thus increasing electrically-coupled, 
thermal installations. VITO of Belgium has studied the incorporation of commercially 
available phase change materials (PCMs) in domestic thermal storage tanks, focusing on the 
coupling with micro-CHP units in terms of system power and temperature regime. See Figure 
13. 
 
The University of South Australia has undertaken several research projects to characterise 
and subsequently optimise to maximise the usefulness of PCMs in thermal energy storage 

  
 
Figure 10. Photograph and simulation image of grain movement in a slowly rotating drum (ASiC). 
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systems. For different PCM geometries, generic equations were developed that are capable 
of determining the heat exchange as a function of phase change fraction [5,6].  This method 
enables direct assessment of a design as well as the benefit of any improvement in the heat 
transfer within PCMs.  Figure 14 shows some results of the method.  
 
 

  
Figure 12. Prototype 160 litres module for sub-
cooled sodium acetate storage tested at DTU. 

 

Figure 13. Pictures of the two different VITO 
concepts using Mikrotec (A) and TubeICE (B) PCM. 

Figure 14. Left: Local effectiveness versus proportion of phase change for PCM in plates.  
Right: percentage increase in energy storage effectiveness for pinned and finned tubes over the plain 
tube based on the ratio of tube volume over total volume. 
 
Characterization 
One disadvantage of phase change materials and thermochemical materials is that the state 
of charge of a storage using such materials cannot be determined directly from temperature, 
as with the common, sensible storages. Moreover, the compact materials show different 
results if the testing methods are not exactly identical. Considerable work has been done on 
finding and defining testing procedures with which the performance of materials can be 
determined accurately and reproducibly.  
 
A cost effective enthalpy characterizing method, T-history, was studied and compared 
against traditional means of material testing by the Royal University of Technology KTH in 
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Stockholm, Sweden. It was found that the T-history method gave reproducible and accurate 
results, provided that the samples were placed horizontally (see Figure 15).  
 
 

 
 
Figure 15. Horizontally Placed T-history Setup (left) and Enthalpy Mesurement (right). 
 
 
A number of laboratories in the SHC/ECES Task contributed to a Round-Robin Test (RRT), 
in which one sample of a PCM was measured consecutively by the different laboratories. 
After which a protocol for the testing and for the calibration of the equipment was developed, 
and the results for the final tests were very satisfactory, as shown in Figure 16. The RRT was 
a collaboration with the EU-funded COST action on PCM materials, and was led by the 
University of Zaragoza and the FhG-ISE [15]. 
 
 
 

 
 

 
Figure 16. Comparison of the DSC results from different laboratories in the first RRT (left) and of the 
DSC enthalpy as a function of temperature results for heating in the third RRT (right). 
 
 
Numerical Simulation 
Important steps have been made in the development of numerical methods to model and 
predict the basic performance of storage materials. The numerical models work on a very 
wide range of sizes: from the molecular level, using basic physical principles to calculate the 
reaction kinetics of the materials, to the grain scale, where the heat and mass transfer 
behaviour in a bulk can be calculated. Important steps have been made in coupling the 
models to each other for the different length and time scales. 
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At Eindhoven University of Technology, a molecular level study was carried out to 
understand the chemical behavior of magnesium salts (chlorides and sulphates) during 
hydration and dehydration stages. Density Functional Theory (DFT) was used to study the 
molecular structures of magnesium sulfate hydrates [3,4]. Figure 17 shows the optimized 
structure of Magnesium sulfate hexahydrate. From the modeling, conclusions can be drawn 
about the functioning of bonds in the different stages of hydration. 
 
Systems and Applications 
Several new system concepts were developed and tested, mainly for the seasonal storage of 
solar energy, but also for district heating and for cooling applications. For seasonal heat 
storage, a system based on liquid sorption was designed and tested by the University of 
Savoie in France [1,2]. It consisted of two storage tanks with two falling film heat exchangers 
(desorber/absorber, condenser/evaporator), shown in Figure 18. 
 
 
. 

  
Figure 17. Optimized structure of 
magnesium sulfate hexa-hydrate. Mg: 
green, S: yellow, O: red and H: white. 
Hydrogen bonds are shown with 
dotted lines and proton transfer with 
the purple region. 

Figure 18. Experimental prototype for the liquid sorption 
system  developed at the University of Savoie. 

 

  
 
 
The Technical University of Graz, Austria, is working on improving the solar fraction of 
systems using phase change materials in cylindrical modules in the thermal storage. With 
TRNSYS numerical system modelling, optimal configurations can be found for a given 
relative volume of PCM in the storage, see Figure 19. 
 
On the larger scale of district heating (DH) networks, the Austrian Institute of Technology 
(AIT) has modelled the impact of small-scale thermochemical storage units. It was found, 
amongst others, that the position of storage units in a DH network mainly influences the 
pumping costs and that heat distribution losses can be reduced, see Figure 20. 
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Figure 19. Fractional thermal energy savings as a function of the collector area for Water storage (left) 
and Water&PCM (right) for six different storage sizes, both using flat plate collectors. 
 

 

   
  
Figure 20. Assessment of key indicators with respect to the cooling load variation (left) and to the 
position variation (right). 
 
 
 

Theoretical Limits 
In order to improve estimates of the different storage materials and systems, work was done 
on finding the limits to these technologies on two different levels: the physical limits and the 
technical limits. For the physical limits, the search is for the connection between the type of 
material or reaction and the energy storage density that can be achieved.  Figure 21 gives an 
example of proportionality rules that can be found from gathering the enthalpy of reactions in 
comparison to the melting and evaporation.  
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Figure 21. Reaction enthalpy for melting, evaporation and some 
selected reactions, as function of the temperature. 
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TASK DESCRIPTION 
 
The objective of Task 39 is the assessment of the applicability and the cost-reduction 
potential by using polymeric materials and polymer based novel designs 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 expensive 
manufacturing processes. 
 
The Task’s objectives are being achieved in the following Subtasks: 
 
Subtask A: Information (Norway) 
Subtask B: Collectors (Germany) 
Subtask C: Materials (Austria) 
 
Subtask A:  Information 
The objective of Subtask A is to collect, create and disseminate information about the 
application of polymeric materials in solar thermal systems and their figures or merits, 
especially in terms of cost/performance ratios for an acceptable lifetime, in order to increase 
the penetration of good applications into the market. 
 
Activities 
 Updating of the state-of-the-art overview of existing applications of polymeric materials in 

solar thermal systems and other relevant industry sectors.  
 Performance of two case studies, where a total cost accounting approach is adopted, for 

assessment of suitability of using polymeric materials in solar thermal applications.  
 Investigation of standards, regulations and guidelines with regard to the applications of 

polymeric materials in solar thermal systems and building integration. 
 Extension of the database consisting of showcases where solar collectors 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. 
 
 

Database showcasing buildings using solar collectors that have successfully integrated polymeric 
materials. 
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Subtask B:  Collectors 
Objectives 
Based on the results of the first phase of this subtask, the objectives for the extension phase 
are focused on the development of:  
 

 new collectors, made completely or partly with polymeric materials, with a profitable 
cost of ownerships, 

 innovative concepts based on polymeric materials (integrated collector 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 processes. 

 
Activities 
 Based on the updated state-of-the-art from Subtask A, studies and development of new 

collectors, systems and components will be produced in order to show the feasibility, 
performance, durability and cost savings.  

 
Subtask C:  Materials 
As shown in Phase I of Task 39, polymer engineering and science offer great potential for 
new products in solar thermal systems, which simultaneously fulfill technological and 
environmental objectives 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 realization 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, thermoformed casings for collectors based on polycarbonate blends, 
polymeric foams with enhanced service temperature) were realized. 
 
The final product performance, functionality, durability and costs not only depend on the type 
of the polymeric material 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 differentiation between 
structural (load-carrying) and functional polymeric materials is therefore not suitable in 
context with the application of plastics in solar thermal systems. 
 
Objectives  
 Further development and investigation of multi-functional polymeric materials for various 

components in solar thermal systems considering different plant types and climate 
zones. 

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

 Development of testing and characterization methods and modeling tools for the 
application-oriented assessment of the performance and durability. 

 
Activities  
 Formulation of multi-functional polymeric materials for various components 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 
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thermosets (i.e., chemically cross-linked stiff materials). 
 Compounding of polymeric materials considering a variety of functional fillers and 

additives allowing for improved processability and enhanced performance. 
 Production of specimen and sub-components by applying various mass production 

processing technologies (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 aging and degradation 
phenomena. 

 Establishment of micro-structure/ property/processing/performance relationships. 
 
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, Canada (without public funding), Germany, Netherlands (without public funding), 
Norway, Portugal (now with public funding), Sweden, Slovenia (without public funding) 
United States (without public funding), Brazil (without public funding) 

ACTIVITIES DURING 2012 
Subtask A 
The dissemination of information and results from Task 39 is an important part of Subtask A. 
It also includes a better dialogue with new partners from industry and research, for example 
through open workshops and excursions during the Task meetings. 
 
A manuscript on results from the LCA performed in case study for publication in the Journal 
for Energy Materials and Solar Cells was submitted by B. Carlsson, H. Persson, J. Rekstad 
and M. Meir in July 2012. Acceptance is expected in 2013. 
 
The handbook with compiled results of phase I was published on October 17, 2012. It is 
available from Wiley-VCH. ISBN: 978-3-527-33246-5. 
 
Newsletters 
 Task 39 Newsletter No. 10, June 2012 
 Task 39 Newsletter No. 11, November 2012  
 
Task 39 Workshop 
 Chancen und Anforderungen für Kunststoffe in der Solarthermie, IEA-SHC Task 39 

Workshop, Berlin, Germany, May 16, 2012 
 
Subtask B 
In September 2012, ITW from University of Stuttgart (Dr. Stephan Fischer) took over the 
Subtask B leadership. In order to speed up the progress in Subtask B an expert’s workshop 
for the development of polymeric collector designs is planned for March 2013.   
 
Subtask C 
Multi-Functional Polymeric Materials 
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Polymeric Materials 
SABIC joined Task 39 within the reporting period. Representatives attended the 14th 
Experts Meetings and gave an overview on PC sheets and SABIC-IP Solar Thermal Demo 
Collector Program. A new project on polymeric materials for solar facades was presented by 
AIT. A wall concept with phase change materials and thermotropic layers was developed 
and evaluated in order to improve the thermal comfort in rooms behind solar thermal 
facades. 
 
Solar Absorber Compounds 
Polypropylene exhibits high potential for solar absorbers in overheating protected collectors. 
Currently, some PP-grades with appropriate stabilization and pigmentation are commercially 
available and used for swimming pool absorbers or pressurized pipe applications. An 
objective within the research project SolPol-2 “Solar-thermal systems based on polymeric 
materials” is the identification and polymer-physical characterization of black pigmented PP 
grades. Recent research worked focused on two commercially available PP-Block-
Copolymer grades (PP-B) and one PP-RCT (Polypropylene-Random Copolymer, Crystalline, 
Temperature resistance) development grade. The supplied materials were characterized on 
specimen level in the unaged state by UV-Vis-NIR spectroscopy, differential scanning 
calorimetry (DSC) and tensile testing at ambient temperature. The results revealed that 
pigmentation with carbon black is a suitable technique to fulfill high absorbance 
requirements (solar absorbance > 95%). Depending on the copolymer type and the additive 
package melting peak temperatures ranging from 135 to 170°C were obtained. Regarding 
the mechanical properties significant differences in the ultimate properties (e.g. strain-at-
break) were detected. Due to the fact that PP-RCT is adopted for pressurized pipe 
applications, this grade was selected for further material development and optimization in 
SolPol-2. 
 
Thermotropic Materials 
PCCL reported on current achievements in the development of polymer based thermotropic 
materials for the collector glazing. By theoretical modeling it was shown that the switching 
potential of thermotropic materials with spherical fixed domains is from about 90% to 50% in 
hemispheric transmittance. The model materials developed and the experimental 
characterization revealed that these theoretical limits are not fully achieved due to imperfect 
phase formation. Further work focusses on the stabilization of spherical domains in the nm-
range by surface modification. 
 
Spectrally Selective and Photo-catalytic Coatings 
The spectrally selective coatings developed by NIC (Slovenia) are now commercially used 
for the coating of metal and polymer substrates by Alanod (Germany). The polymer based 
coatings are commercialized under the brand-name Mirosol TS®. Compared to conventional 
PVD coatings significant cost reductions could be achieved. Current research work at NIC is 
focused on photo-catalytic clear coatings. The TiO2 based coatings exhibited haze, yet their 
efficacy was up to 10 times higher compared to that of Pilkington TM commercial coatings 
on glass. 
 
Liner Materials 
In the reporting period the thermo-mechanical properties of polymeric liner materials for 
long-term heat storages were reported. At JKU-IPMT selected polyolefin materials were 
characterized by tensile testing and dynamic mechanical analysis (DMA). The stiffness 
(modulus) of the investigated polymeric materials is in the operating temperature range up to 
90°C significantly dependent on temperature. The elastic moduli decreased by up to 85 % 
with an increase from 30°C to 95°C (i.e., maximum service temperature). DMA revealed a 
decrease of the storage modulus of up to 40 % from 5°C to 30°C, which are the ambient 
temperatures during the installation of heat storages in the field. Thus, the flexibility required 
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for proper laying and welding is significantly dependent on temperature. It was emphasized, 
that stiffness characterization by tensile testing (single-point data) should be combined with 
thermo-mechanical stiffness characterization by DMA in order to thoroughly describe the 
material stiffness properties. 
 
Methods for Testing and Characterization of Polymeric Materials 
Methods for Aging Characterization 
In addition to Fraunhofer-ISE, HU Berlin, JKU Linz one further partner (JKU-IAC) joined Task 
39. The special expertise of JKU-IAC is on analytical test methods for the identification and 
quantification of stabilizers in polymeric compounds. JKU-IAC reported on novel wet-
chemical methods for sample preparation and stabilizer analysis. The portfolio of identified 
stabilizers was presented along with relevant degradation products due to aging under 
service relevant conditions. Fraunhofer-ISE provided an overview of the EU-FP7 project 
SCOOP (Solar COllectors made Of Polymers) with special emphasis on accelerated aging 
and analysis methods, which are currently adopted for fiber-reinforced materials. 

PUBLICATIONS & PRESENTATIONS IN 2012 
Book 
Koehl et al. Polymeric Materials for Solar Thermal Applications. Weinheim: Wiley-VCH, 
2012. ISBN: 978-3-527-33246-5 
 
Conferences and Seminars with contributions from Task 39 
Fachforum Kunststoffe: Einsatz in der Solarthermie, OTTI Technologie Kolleg, R gensburg, 
Germany, February 13-14. 
 
DVS-Forschungsseminar „Kunststofffügetechnik in Leichtbau und erneuerbaren Energien“, 
March 6, Erlangen, Germany. 
 
22nd Symposium Thermische Solarenergie, Bad Staffelstein, Germany, May 9-11, 2012.  
SHC 2012 – International Conference on Solar Heating and Cooling for Buildings and  
Industry, San Francisco, USA, July 9-11. 
 
International Conference Gleisdorf Solar 2012, Gleisdorf Austria, September 12-14. 
 
Task 39 Workshop 
Chancen und Anforderungen für Kunststoffe in der Solarthermie, IEA SHC Task 39  
Workshop, Berlin, Germany, May 16, 2012.  
 
Publications in Journals and Conference Proceedings 
Stefan Brunold, 2012. Kollektorverglasung aus Kunststoff – Chancen und Risiken. 
Proceedigs: Fachforum Kunststoffe: Einsatz in der Solarthermie, OTTI Technologie Kolleg, 
Regensburg, Germany, Feb. 13-14, 2012. 
 
Stefan Brunold, 2012. Kollektorverglasung aus Kunststoff – Chancen und Risiken. Workshop 
Proceedings: Chancen und Anforderungen für Kunststoffe in der Solarthermie, IEA-SHC 
Task 39 Workshop, Berlin, Germany, May 16, 2012. 
 
Michael Köhl, 2012. Kunststoff: Der Werkstoff der Zukunft in der Solarthermie. Proceedigs: 
Fachforum Kunststoffe: Einsatz in der Solarthermie, OTTI Technologie Kolleg, Regensburg, 
Germany, Feb. 13-14, 2012. 
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Michael Köhl, 2012. Übersichtsvortrag Solarthermie und Photovoltaik. Proceedigs: 
Fachforum Kunststoffe: Einsatz in der Solarthermie, OTTI Technologie Kolleg, Regensburg, 
Germany, Feb. 13-14, 2012. 
 
Reinhold W. Lang, 2012. Die Transformation des Energiesystems – Kunststoffe als 
Innovationsmotor für Solartechnologien. Proceedigs: Fachforum Kunststoffe: Einsatz in der 
Solarthermie, OTTI Technologie Kolleg, Regensburg, Germany, Febr. 13-14, 2012. 
Michaela Meir, 2012. Absorber aus Hochleistungskunststoffen. Proceedigs: Fachforum 
Kunststoffe: Einsatz in der Solarthermie, OTTI Technologie Kolleg, Regensburg, Germany, 
Feb. 13-14, 2012. 
Michaela Meir, 2012. Marktübersicht Polymerkollektoren. Workshop Proceedings: Chancen 
und Anforderungen für Kunststoffe in der Solarthermie, IEA-SHC Task 39 Workshop, Berlin, 
Germany, May 16, 2012. 
 
M. Meir, K.-A. Weiss, M. Köhl, G.M. Wallner, R. Hausner, 2012. IEA-SHC Task 39: 
Polymere Materialien für Solarthermische Systeme, Conference proceedings and Poster at 
the 22nd Symposium Thermische Solarenergie, Bad Staffelstein, Germany, May 9-11, 2012. 
M. Meir et al., Marktübersicht Polymerkollektoren, Workshop Proceedings: Chancen und 
Anforderungen für Kunststoffe in der Solarthermie, IEA-SHC Task 39 Workshop, Berlin, 
Germany, May 16, 2012. 
 
Axel Müller, 2012. Optimierung von Solarkollektoren durch Strömungssimulation. Workshop 
Proceedings: Chancen und Anforderungen für Kunststoffe in der Solarthermie, IEA-SHC 
Task 39 Workshop, Berlin, Germany, May 16, 2012. 
 
Christoph Reiter, 2012. Kunststoffe in solarthermischen Kollektoren – Anforderungen und 
Konzepte. Proceedigs: Fachforum Kunststoffe: Einsatz in der Solarthermie, OTTI 
Technologie Kolleg, Regensburg, Germany, Feb. 13-14, 2012. 
 
Christoph Reiter, 2012. Entwicklung und Bewertung von Konzepten für die 
kunststoffgerechte Konstruktion von Flachkollektoren, Conference proceedings and Poster 
at the 22nd Symposium Thermische Solarenergie, Bad Staffelstein, Germany, May 9-11, 
2012. 
 
John Rekstad and M. Meir, 2012. Polymeric Applications in Solar (thermal) Energy, DVS-
Forschungsseminar „Kunststofffügetechnik in Leichtbau und erneuerbaren Energien“, 
March 6, 2012, Erlangen, Germany. 
Katharina Resch, 2012. Polymere thermotrope Funktionsmaterialien zum 
Überhitzungsschutz von Kunststoffkollektoren. Proceedigs: Fachforum Kunststoffe: Einsatz 
in der Solarthermie, OTTI Technologie Kolleg, Regensburg, Germany, Feb. 13-14, 2012. 
 
Katharina Resch, 2012. Funktionalisierung von Polymeren für die Solarthermie. Workshop 
Proceedings: Chancen und Anforderungen für Kunststoffe in der Solarthermie, IEA-SHC 
Task 39 Workshop, Berlin, Germany, May 16, 2012. 
 
Helmut Vogel, 2012. Aussichtsreiche Kunststoffverarbeitungsverfahren. Workshop 
Proceedings: Chancen und Anforderungen für Kunststoffe in der Solarthermie, IEA-SHC 
Task 39 Workshop, Berlin, Germany, May 16, 2012. 
 
Gernot Wallner, 2012. Kunststoffe in solarthermischen Kollektoren – Materialien und 
Eigenschaftsprofile. Workshop Proceedings: Chancen und Anforderungen für Kunststoffe in 
der Solarthermie, IEA-SHC Task 39 Workshop, Berlin, Germany, May 16, 2012. 
 
Karl-Anders Weiß, 2012. Solarkollektoren aus Polymeren: EU FP7 Projekt SCOOP, 
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Conference proceedings and Poster at the 22nd Symposium Thermische Solarenergie, Bad 
Staffelstein, Germany, May 9-11, 2012. 
 
Karl-Anders Weiß, 2012. Bewitterungsprüfung und Charakterisierung von Kunststoffen. 
Workshop Proceedings: Chancen und Anforderungen für Kunststoffe in der Solarthermie, 
IEA-SHC Task 39 Workshop, Berlin, Germany, May 16, 2012. 
 
Kaiser, A., Fink, C., Hausner, R., Streicher, W., Lang, R.W., Wallner, G.M. (2012). 
Leistungsanforderungen an Kunststoffe in solarthermischen Systemen, Tagungshandbuch 
Gleisdorf Solar, 296-305. Download presentation: http://www.aee-intec-events.org/gs2012/ 
Lang, R.W., Wallner, G.M. (2012). Herausforderungen und Möglichkeiten für den Einsatz 
von Polymermaterialien in solarthermischen Anwendungen, Tagungshandbuch Gleisdorf 
Solar, 285-288. Download presentation: http://www.aee-intec-events.org/gs2012/ 
 
Wallner, G.M., Lang, R.W., Povacz, M., Grabmayer, K., Koller, W., Brandstätter, A., Nitsche, 
D. (2012). Solarthermische Kollektorsysteme mit Kunststoffabsorber - Materialien und 
Eigenschaftsprofile, Tagungshandbuch Gleisdorf Solar, 289-295. Download presentation: 
http://www.aee-intec-events.org/gs2012/ 
 
Christoph Reiter, 2012.Thermische Belastungen von Flachkollektoren und Strategien zu 
deren Reduktion. International Conference Gleisdorf SOLAR 2012, Gleisdorf, Austria, Sept. 
12-14, 2012. Download presentation: http://www.aee-intec-events.org/gs2012/ 
 
Christoph Reiter, 2012. Polymeric solar - thermal collectors: design concepts with regard to 
production  processes and costs. International Conference Gleisdorf SOLAR 2012, 
Gleisdorf, Austria, Sept. 12-14, 2012. Download presentation: http://www.aee-intec-
events.org/gs2012/ 
Kurzböck, M., Wallner, G.M., Lang, R.W. (2012). Black pigmented polypropylene materials 
for solar absorbers, Energy Procedia, 8 pages. 
 
Grabmayer, K., Wallner, G.M., Schobermayr, H., Lang, R.W. (2012). Accelerated Aging 
Testing of Heat Storage Liner Materials Using Micro-Sized Specimens, Proceedings MoDeSt 
2012, 2 pages. 
K. Weiß, T. Kaltenbach, M. Koehl, M.R. Kurth, 2012. Ageing Tests with Components for 
Solar Thermal Collectors. SHC 2012 - International conference on Solar Heating and 
Cooling for Buildings and Industry, San Francisco, USA, July 9-11, 2012. 
 
A. Gladen, J. Davidson, M. Hillmyer, S. Mantell, 2012. Examination of a Thermotropic 
Polymer for All-polymeric Solar Thermal Collectors. SHC 2012 - International conference on 
Solar Heating and Cooling for Buildings and Industry, San Francisco, USA, July 9-11, 2012. 
 
A. Weber, K. Resch , 2012. Thermotropic Glazings for Overheating Protection. SHC 2012 - 
Int. conference on Solar Heating and Cooling for Buildings and Industry, San Francisco, 
USA, July 9-11, 2012.  
 
H. Ge, S. Mantell, 2012. Fracture Toughness of Polyethylene Thin Films used in Solar 
Applications. SHC 2012 - International conference on Solar Heating and Cooling for 
Buildings and Industry, San Francisco, USA, July 9-11, 2012. 

 
 M. Kurzböck, R.W. Lang, G.M. Wallner, 2012. Black Pigmented Polypropylene Materials for 

Solar Absorbers, SHC 2012 - International conference on Solar Heating and Cooling for 
Buildings and Industry, San Francisco, USA, July 9-11, 2012. 
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MEETINGS IN 2012 
13th Experts Meeting & Open Industry Workshop  
May 15-16  
Berlin, Germany 
42 participants from the plastics industry and research and/or the solar thermal sector 
participated in the event.  
 
14th Experts Meeting 
October 15-17 
Pozo Izquierdo, Gran Canaria, Spain 
6 experts participated in the meeting, among them new experts from industrial companies 
and research institutes from the Netherlands and Sweden. 

MEETINGS PLANNED FOR 2013 
15th Experts Meeting & Subtask B Workshop  
March 13-15 
Palma, Mallorca, Spain  
 
16th Experts Meeting  

October 9-11 
Blumau, Austria 
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Funded Projects 
Overview of funded projects of Task 39 Partners (November 2012, http://www.iea-

shc.org/task39/fundedprojects/). 
Project Period Funding Agency Partner 

Countries 

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 

Untersuchungen zur Fertigungstechnik und Kollektorkonstruktion für Voll-
kunststoff-Kollektoren 
Partners: HAW Ingolstadt, Roth Werke GmbH 

2012-15 Bundesministerium für Umwelt, 
Naturschutz und Reaktorsi-
cherheit 

DE 

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 

Exkoll - Konzeption von extrudierten Polymerkollektoren und Komponenten 
Coordinator: Fraunhofer Institute for Solar Energy Systems – ISE 

2012-
2014 

Bundesministerium für Umwelt, 
Naturschutz und Reaktorsi-
cherheit 

DE 

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 

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 

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 

PISA - Polymers in solar thermal applications 
University of Oslo: Leitung, Subtask A 

2011-14 Enova NO 

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&a
ctionbean=actions/project 

2011-14 Portuguese Agency for Deve-
lopment and Innovation 

PT, NO 

POLYSOL - Development of a modular, all-POLYmer SOLarthermal collec-
tor for DHW preparation and space heating 
Coordinator: Energias Renovables Aplicadas S.L.  
Website: http://cordis.europa.eu/projects/rcn/98108_en.html 

2011-12 EU FP7-SME 
Research area: SME-1 

UK, DE, 
MK, ES 

Smart Windows-Smart Collectors  
Partners: PCCL, University of Leoben, A-P-C  

2010-13 Land Steiermark, Zukunfts-
fonds Partners 

AT 

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: Österreichische 
Forschungsförderungsgesell-
schaft 

AT 

Use of polymeric materials in solar collectors studied from a total cost per-
spective - Participation in IEA SHC Task 39 
Coordinator: Linnæus University; Partners: Aventa AS, University of Oslo 

2009-12 Swedish Energy  
Agency  

SE, NO 

 
 
 
 

34



 

 
SHC Task 39: Polymeric Materials for Solar Thermal Applications 

www.iea-shc.org 
 

TASK 39 NATIONAL CONTACTS 
 
Operating Agent 
Michael Köhl 
Fraunhofer Institute for Solar Energy  
   Systems ISE 
Group Service Life Analysis 
Division Photovoltaic Modules, Systems  
   and Reliability 
Heidenhofstr. 2 
79110 Freiburg, GERMANY 
michael.koehl@ise.fraunhofer.de 
 
Sandrin Saile 
Fraunhofer Institute for Solar Energy  
   Systems ISE 
Group Service Life Analysis 
Division Photovoltaic Modules, Systems  
   and Reliability 
Heidenhofstr. 2 
79110 Freiburg, GERMANY 
sandrin.saile@ise.fraunhofer.de 
 
Austria 
Robert Hausner 
AEE - Institut für Nachhaltige  
   Technologien 
Feldgasse 19 
A-8200 Gleisdorf 
r.hausner@aee.at 
http://www.aee-intec.at 
 
Christoph Zauner  
Austrian Institute for Technology 
Österreichisches Forschungs-  
   und Prüfzentrum 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  
   Testing  
Science Park, Altenberger Strasse 69 
A-4040 Linz 
gernot.wallner@jku.at 

France 
Philippe Papillon 
CEA INES 
Recherche, Développement et Innovation 
   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 
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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 
 
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  
 
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 DESCRIPTION 
Forty percent (40%) of primary energy use and 24% of greenhouse gas emissions, account 
for energy use in buildings worldwide.  Energy use and emissions include both direct, on-site 
use of fossil fuels and indirect use from electricity, district heating / cooling systems and 
embodied energy in construction materials.  Several International 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 energy’ 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 guidelines. 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 
interactions with utilities.   
 
The Task will build upon recent industry experiences with net-zero and low energy solar 
buildings and the most recent developments in whole building integrated design and 
operation. The joint international research and demonstration activity will address concerns 
of comparability of performance calculations between building types and communities for 
different climates 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 represented by the participating countries. The work will be linked to 
national activities and will focus on individual buildings, clusters of buildings and small 
settlements. The work will be based on analysis of existing examples that leads to the 
development of innovative solutions to be incorporated into national demonstration buildings. 
The objectives are being achieved in the following Subtasks. 
 
Subtask A:  Definitions & Implications  
(Subtask Leaders: Karsten Voss, Germany and Assunta Napolitano, Italy) 
 
The objective of Subtask A is to establish an internationally agreed understanding on NZEBs 
based on a common methodology. 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, verification and compliance guide for checking the 
annual balance in practice (energy, emissions and costs) harmonized with the 
definition. 
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Subtask B:  Design Processes & Tools 
(Subtask Leaders: Adam Hirsch, Paul Torcellini USA and Andreas Athienitis, Canada) 
 
Subtask B aims to identify and refine design approaches and tools to support industry  
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 participating countries. 

 Assessing gaps, needs and problems, considering the work of Subtask A and 
Subtask C, and inform simulation engine and detailed design tools developers 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, Engineering, Technologies) 
(Subtask Leaders: Michael Donn, New Zealand and François Garde, France) 
 
The objectives of this Subtask are to develop and test innovative, whole building net-zero 
solution sets for cold, moderate and hot climates with exemplary architecture and 
technologies that would be the basis for demonstration projects and international 
collaboration. The Participants shall achieve these objectives by the following 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 studies and demonstration projects in close 
cooperation with practitioners. 

 Investigating advanced integrated design concepts and technologies in support of the 
case studies, demonstration 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 application and CO2 
implications. 

 
Subtask D:  Dissemination & Outreach 
(Operating Agent and Subtask Leaders) 
 
The objective of the dissemination activity is to support knowledge transfer and market  
adoption of NZEBs on a national and international level. Subtask leaders will be responsible 
for the coordination of the individual contributions of Subtask participants 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 Programmes’ 
framework, and a database that can be expanded and updated with the latest 
projects and experiences. 

 Producing a NZEB source book including example buildings for investigated building 
types and climates. 

 Transferring the Task outputs to national policy groups, industry associations, 
utilities, academia and funding programs. 

 Establishing an education network, summer school and contributions to the Solar  
  Decathlon and similar student activities. 
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 Workshops, articles and features in magazines to stimulate market adoption.  
 
Duration 
This Task was initiated on October 1, 2008 and remains in force until September 30, 2013. 
 
Participating Countries 
Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Italy, South 
Korea, New Zealand, Norway, Portugal, Singapore, Spain, Sweden, Switzerland, United 
Kingdom, United States 
 
 

SHC Task 40 / ECBCS Annex 52nd National Experts and observers attending the 8th Experts Group 
Meeting, October 1 – 3, 2012, Barcelona, Spain. 

WORK DURING 2012 
Subtasks work is proceeding as per work plans. Highlights of accomplishments include:   
 

 Conducted the 2nd PhD summer workshop to be hosted by France at the l’Institut des 
Rechereches Scientifique des Carsege, in conjunction with the 8th Task Experts 
Meeting in the 3rd quarter of 2012. 

 Two Technical Reports completed posted on website. 
 Negotiated with Wiley & Sons the publications of Volumes 2 and 3 of the sourcebook. 
 National experts participated in the 1st Annual Solar Heating and Cooling 

Conference, June 2012 in San Francisco, USA. 
 Discussions with China to join Task. 
 Continually upgrading the Task File Sharing System and the Task public website. 

WORK PLANNED FOR 2013 
 Final drafts of Volumes 2 and 3. 
 Final work on NZEB Tool framework. 
 Wikipedia entries on Task 40 NZEB. 
 Final Monitoring report. 
 Fact Sheet of 3 case studies. 
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REPORTS PUBLISHED IN 2012 
Technical Reports 
“Survey of Current Practices for checking balances in Net ZEB Projects” by Assunta 
Napolitano and Roberto Lollini.  A Report of Subtask A (A2).  

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

 “LCA and embodied energy for NZEBs” by National Experts from Sweden (Björn Berggren) 
and Switzerland (Monika Hall).  

Over 25 papers of these papers are posted for free downloading from the Task website, 
http://www.iea-shc.org/task40/ 

MEETINGS IN 2012 
7th Experts Meeting 
May 8 - 11 
Naples, Italy 
 
8th Experts Meeting 
October 1 - 3 
Barcelona, Spain 
(In conjunctions with 2nd PhD workshop, September 25-29 Carsège Corsica, France) 

MEETINGS PLANNED FOR 2013 
9th Experts Meeting 
April 30 - May 3 
Copenhagen, Denmark 
 
10th Experts Meeting 
October 1 - 3 
Montreal, Canada 
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SHC TASK 40/ECBCS ANNEX 52 NATIONAL CONTACTS 
 
Program Management 
 
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 J3X 1S6 
Canada  
Phone: + (1) 450-652-1981   
Fax: + (1) 450- 652-5177  
josef.ayoub@rncan-nrcan.gc.ca 
http://www.canmetenergy.nrcan.gc.ca 
 
Subtask A Leaders 
Assunta Napolitano (withdrew in 2010) 
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 
 
Roberto Lollini 
EURAC Research 
Insitute for Renewable Energy 
Viale Druso n°1, 
39100 Bozen/Bolzano 
Italy  
Phone: +39 0471 055 651 
Fax +39 0471 055 699 
roberto.lollini@eurac.edu  
 
 
 
 
 
 
 
 

 
 
 
Subtask B Leaders 
Andreas Athienitis 
Concordia University (Solar Buildings 
Research 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 (withdrew in 2010) 
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 
 
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  
 
 
 
 
 
 
 

42



 

SHC Task 40: Net Zero Energy Solar Buildings 
www.iea-shc.org 

National Contacts 
 
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 
Research 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 
Efficiency 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 
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 
 
Singapore 
Thomas Reindl 
Solar and Energy Efficient Building Cluster 
Solar Energy Research Institute of      

Singapore 
National University of Singapore 
7 Engineering Drive 1, Block E3A, #06-01 
117574 Singapore, SINGAPORE 
thomas.reindl@nus.edu.sg 
www.seris.sg 
 
Spain 
Jaume Salom and Eduard Cubi 
Thermal Energy and Building  
     Performance Group 
IREC – Institut de Recerca en  
     Energia  de Catalunya 
Josep Pla 2, B2, Ground floor 
08019 Barcelona 
jsalom@irec.cat 
ecubi@irec.cat 
http://www.irec.cat 
 
Sweden 
Joakim Widén 
Energy Systems Programme 
Department of Engineering Sciences,   
 Solid State Physics  
Uppsala University 
P.O. Box 534 
SE-751 21, Uppsala 
joakim.widen@angstrom.uu.se 
Personal website: 
http://www.anst.uu.se/jowid957/  
 
Björn Karlsson 
Energy & Building Design 
Lund University 
Box 118 
221 00, Lund 
Bjorn.karlsson@ebd.lth.se  
http://www.lu.se/lund-university  
 
Björn Berggren Energy and Building 
Design  
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Lund University Box 118 SE-221 00 
Lund SWEDEN  
Bjorn.Berggren@skanska.se 
http://www.lu.se/lund-university  
 
Switzerland 
Armin Binz and Monika Hall 
Fachhochschule Nordwestschweiz 
Hochschule für Architektur, Bau und     
 Geomatik 
Institut Energie am Bau 
St. Jakobs-Strasse 84 
CH-4132 Muttenz 
monika.hall@fhnw.ch  
Armin.Binz@fhnw.ch 
http://www.fhnw.ch/habg/iebau/ 
 
Stephen Wittkopf 
Solar and Energy Efficient Buildings 
Cluster 
Solar Energy Research Institute of 
Singapore (SERIS) 
National un iversity of Singapore 
7 Engineering Drive 1 
Block E3A, #06-01 
Singapore 117574 
Stephen.wittkopf@nus.edu.sg 
http://www.seris.sg 
 
United Kingdom 
Noguchi, Masa 
MEARU, Mackintosh School of 
Architecture, Glasgow, UK 
m.noguchi@gsa.ac.uk 
 
United States 
Adam Hirsch, Shanti Pless,  
     Paul Torcellini,  
National Renewable Energy Laboratory 
1617 Cole Blvd.  
Golden, Colorado 80401-3305 
adam.hirsch@nrel.gov 
shanti.pless@nrel.gov  
paul.torcellini@nrel.gov 
http://www.nrel.gov/about/ 
 
 
 
 
 
 
 
 
 

Regular Participants 
 
Shady Attia 
Université Catholique de Louvain 
Belgium 
shady.attia@uclouvain.be 
 
Katrien Biesbroek 
Katholieke Hogeschool  (KaHo)  
Sint-Lieven 
Belgium 
katrien.biesbroeck@kahosl.be 
 
Julien Bourrelle 
Norwegian University of Science and 
Technology – NTNU 
Norway 
julien.bourrelle@ntnu.no 
  
Paul Bourdoukan 
France 
paul.bourdoukan@gmail.com  
 
Isabella Calderaro 
Università degli Studi di Roma "La    

Sapienza"  
Italy 
isabella.calderaro@alice.it 
 
José A. Candanedo and  
     William O’Brien 
Concordia University 
Canada 
j_candan@encs.concordia.ca 
w_obrie@encs.concordia.ca 
 
Shaan Corey 
Victoria University of Wellington School of  

Architecture 
New Zealand 
 
Henrik Davidsson 
Lund University 
Sweden 
henrik.davidsson@ebd.lth.se  
 
Aurélie Lenoir 
Université de la Réunion 
France 
aurelie.lenoir@univ-reunion.fr 
 
Eike Musall 
Bergische Universität Wuppertal 
Germany 
emusall@uni-wuppertal.de 
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David Nardi Cesarini and Maddalena 

Spallacci 
The Loccioni Group 
Italy 
d.nardicesarini@loccioni.com 
m.spallacci@loccioni.com  
 
Marit Thyholt 
NTNU/SINTEF Building and 
     Infrastructure 
Norway 
marit.thyholt@sintef.no 
 
Tobias Weiss 
Nussmüller Architekten ZT GmbH 
Austria 
tobias.weiss@nussmueller.au 
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TASK DESCRIPTION 
It is clear that solar energy use can be an important part of the building design and the 
building’s energy balance to a much higher extent than it is today. Cleverly used, active and 
passive solar energy can both contribute to the energy supply and to a higher quality of the 
architecture.  
 
Despite all the available solar technologies and the opportunity to reduce the energy 
demand, solar energy systems are in most cases not used in buildings today. This has 
several causes: 

 Economical factors such as investment costs and maintenance costs. 
 Technical knowledge factors, such as lack of knowledge among decision makers and 

architects, as well as a general reluctance to “new” technologies. 
 Architectural (aesthetic) factors: solar technologies for building use have an 

important impact on the building’s architecture. Due to the large size of solar systems 
in relation to the scale of the building envelope, the architectural quality of their 
integration has a major impact on the final architectural quality of the building. In this 
respect, the limit to the spread of solar technologies lies in the generally poor 
architectural quality of their integration into the building envelope. 

 
Task 41 focused on the architectural factors and was intended to support promoting the use 
of solar technologies as a complement to promotion policies focusing on subsidies and 
technical information spread. 
 
The main goals of the Task were to help achieve high quality architecture for buildings 
integrating solar energy systems, as well as improving the qualifications of the architects, 
their communications and interactions with engineers, manufactures and clients. Increased 
user acceptance of solar designs and technologies will accelerate the market penetration. 
The overall benefit will be an increased use of solar energy in buildings, thus reducing the 
non-renewable energy demand and greenhouse gas emissions.  
 
The scope of the Task covered residential and non-residential buildings. Both new and 
existing buildings were included, for the climatic zones represented by the participating 
countries. The work was linked to national activities and focused on individual buildings or 
groups of buildings, with a special focus on the building envelope. 
 
Subtask A: Criteria for Architectural Integration 
(Lead Country: Switzerland) 

This Subtask focused on architectural integration of active solar energy collector systems 
(solar thermal, PV and hybrids technologies) that offer an important potential for 
improvement regarding architectural integration. The objectives were to: 

 Establish and communicate architectural criteria for the integration of active solar 
energy systems in the building envelope.  

 Give recommendations to the industry to improve the architectural integration quality 
and flexibility of active solar products and systems (integrabability). 

 Bring together architects and product/system developers to understand each other’s 
needs. 

 Educate/inform architects on integration characteristics for various technologies and 
on state of the art of innovative products. 

 
Subtask B: Methods and Tools 
(Lead Country: Canada) 
This Subtask focused on methods and tools for architects, to use in the early design stage 
(EDS). The objectives were to: 
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 Achieve a comprehensive review of existing methods and tools (state-of-the-art) that 
architects currently use at EDS when designing buildings which integrate 
active/passive solar components.  

 Identify current barriers that prevent architects from using the existing methods and 
tools for solar building design. 

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

 Provide clear recommendations for developers of methods and tools used by 
architects designing solar buildings. 

 Initiate communication with tool developers (industry) in order to stimulate the 
development of tools based on the recommendations written. 

 In collaboration with Subtask C, describe the significant role that tools for solar 
design play for architects besides aiding them in solar design during the early design 
phase, to be included in the Communication Guidelines. 

 
Subtask C: Concepts, Case Studies and Guidelines 
(Lead Country: Denmark, with support from 
Norway) 

This Subtask focused on concepts for 
architectural integration as well as case 
studies, with a whole building perspective. 
The Subtask also condensed the results 
into communication guidelines, with 
support from Subtask A and B. The 
objectives of this Subtask were to:  

 Present concepts and principles for 
high quality architectural integration 
of solar systems, based on 
analyses of existing systems as well 
as proposals for future systems 
through national and international 
architectural evaluations. 

 Case studies were used to illustrate building concepts that utilize active and passive 
solar energy, achieving high quality architecture, sustainable solutions, attractive 
indoor climate and high energy performance. The case studies should aim at 
reducing the energy demand in buildings and increasing the fraction of renewable 
energy use such as solar energy. 

 Develop knowledge and strategies to promote and implement high quality 
architecture using solar energy. 

 
Duration 

The Task commenced in May 2009 and ended in 2012. 
 
Participation 
Overall 30 organisations (6 research institutes, 15 universities and 9 companies) from the 
following 14 countries participated in Task 41: Australia, Austria, Belgium, Canada, 
Denmark, Germany, Italy, Norway, Portugal, Republic of Korea, Singapore, Spain, Sweden, 
and Switzerland. 

TASK ACCOMPLISHMENTS 
The main objectives of Task 41 were to help achieving high quality architecture for buildings 
integrating solar energy systems, as well as to improve the qualifications of the architects 
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and their communications and interactions with engineers, manufactures and clients. 
 
The following is a brief report on the accomplishments of each single work activity within the 
Subtasks. The main authors and/or editors are listed, but many more contributed and are 
listed in each specific report. All the main deliverables will be available on the SHC Task 41 
website. 
 
Subtask A: Criteria for Architectural Integration 
Building Integration of Solar Thermal and Photovoltaics – Barriers, Needs and 
Strategies 
Authors: Farkas, K. & Horvat, M. 
This first report of Subtask A describes the results of a large international survey on the 
reasons why architects do not use or rarely use solar technologies, and gives proposals to 
help overcome these barriers by identifying the architect’s needs in this area. 
 
Solar Energy systems in Architecture - integration criteria and guidelines 
Authors: Munari Probst MC & Roecker C. 
This document was developed for architects, and written with a practical approach. It 
summarizes the knowledge needed to integrate active solar technologies (solar thermal and 
photovoltaics) into buildings, handling at the same time architectural integration issues and 
energy production requirements. Solar thermal and photovoltaics are treated separately, but 
the information is given following the same structure: 1) Main technical information; 2) 
Constructive/functional integration possibilities in the envelope layers; 3) System sizing and 
positioning criteria; 4) Good integration examples;  5) Formal flexibility offered by standard 
products; and 6) Innovative market products. To complete the information, the manual ends 
with a short section describing the differences and similarities between solar thermal and 
photovoltaic systems, which should help architects make an energetic and architecturally 
optimized use of the sun exposed surfaces of their buildings.  
 
Designing solar thermal systems for architectural integration: Criteria and guidelines 
for product and system developers 
Authors: Munari Probst M C & Roecker C. 
Designing photovoltaic systems for architectural integration: Criteria and guidelines 
for product and system developers 
Authors: Farkas K, Frontini F, Maturi L, Munari Probst MC, Roecker C & Scognamiglio A. 
This deliverable is comprised of two separate publications addressed respectively to 
manufacturers of photovoltaic and solar thermal systems. These two documents follow the 
same structure and are based on a common theoretical work. They describe the main 
criteria for a successful integration of solar systems in buildings and propose a methodology 
for the design of systems specifically conceived for building integration. For each specific 
solar technology and sub-technology, they provide a comprehensive set of practical 
recommendations that should lead to the production of new systems appealing to architects. 
These two documents will be published in February/March 2013. 
 
Website: Innovative solar products for architectural integration 
Authors: Munari Probst MC, Roecker C., Deschamps, L. et al. 
This website shows in an attractive way the innovative/inspiring solar products for building 
integration presently available on the market. The website is developed for architects and 
has three sections: photovoltaic, solar thermal and hybrid systems. By choosing a specific 
technology and integration approach (roof integration, façade integration, balcony etc) the 
user receives a selection of appropriate products, presented in the form of virtual A4 sheets. 
These sheets include dedicated information, contact details and pictures, both of the product 
alone and in situation on buildings. See http://solarintegrationsolutions.org/. 
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Innovative products – patents 
The National University of Singapore (NUS) developed solar modules for building 
integration, with the following patents: 

1. Title: Photovoltaic Module for Integration in Buildings  
US Provisional Application No. : 61/494,546 
Inventors: S. Wittkopf, H. Yixiang, T. Walsh 

2. Title: Building Integrated Photovoltaic Blinds with Anidolic Daylight Redirection 
US Provisional Patent Application No. 61/540,064 
Inventor: S. Wittkopf 

3. Title: Microstructure for Vertical Building Integrated Photovoltaic Facades 
US Provisional Application No.: 61/577,759 
Inventor: S. Wittkopf 

 
IEA SHC Task 41 Product developments and dissemination activities 
Editors: Lobaccari, G & Wall, M. 
A document was compiled showing product developments and dissemination activities 
carried out within the framework of, or in close relation to, Task 41. It is not a complete list, 
but shows the different types of activities to share the findings from Task 41 and to initiate 
product developments in participating countries. This contains activities across subtasks.  
 
Subtask B: Subtask B: Methods and Tools 
State-of-the-art of digital tools used by architects for solar design 
Editors: Dubois M-C & Horvat M. 
The first stage of work in Subtask B was to review and analyze the current software 
landscape available for architects, with a focus on early design phase (EDP) decisions of 
building projects, and to identify missing software tools and/or missing functionalities 
required for encouraging and enhancing solar design of buildings and the integration of solar 
systems and technologies. This report includes 56 software packages, which were classified 
in three categories: CAAD (computer-aided architectural design) tools, visualization tools 
and simulation tools. 
 
International survey about digital tools used by architects for solar design 
Editors: Horvat M, Dubois M-C, Snow M & Wall M. 
The second stage of the project aimed at learning from users (i.e., architects) about their 
satisfaction with currently available tools and methods for solar design, as well as to identify 
obstacles that they are facing especially during the early design phase. An international 
survey was carried out in 14 participating countries during 2010. This deliverable is the full 
survey report, with a description of the survey and a detailed discussion of the results. 
 
Solar Design of Buildings for Architects: Review of Solar Design Tools 
Editors: Horvat M & Wall, M. 
The third report of subtask B presents the capabilities of 19 CAAD and Building Performance 
Simulation (BPS) digital tools for solar design, in order to increase overall awareness, and 
provide inspiration and incentive for the future choice of tool(s). The review was carried out 
by using the same building model as input for all tools, as far as possible. In addition, the 
second part of the report presents three exemplary case stories that intend to convey 
valuable experience as they describe different design approaches, which tools were used 
and how the use of solar design tools affected the design process and final architectural 
design. 
 
Needs of architects regarding digital tools for solar building design 
Authors: The Subtask B expert group. 
This important outcome of Subtask B is a reach-out to the industry and digital tool 
developers in the form of a letter, clearly stating the perceived needs of professional 
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architects, as they had been identified through the international survey and by Task 41 
experts through experience and research reviews. 
 
Solar components 3D parametric CAAD objects 
 Switzerland: Solar objects were developed, compatible with both Graphisoft ArchiCAD 

and Autodesk AutoCAD. The main goals of the new tool are to speed up the rendering 
procedure when integrating PV systems in building design, to facilitate and stimulate the 
use of BiPV (Building integrated Photovoltaic) systems by architects and designers and 
to improve the architectural quality of BiPV systems. It was developed by the Institute for 
Applied Sustainability to the Built Environment (ISAAC) in collaboration with IDC AG, the 
Swiss national Graphisoft distributor (responsible for CAD object programming), as a 
part of a national Swiss project: BiPV Tools, Interactive tools and instruments supporting 
the design of building integrated PV installations. The modules were tested by Task 41 
participants. The modules are available for free downloads from the following website: 
www.bipv.ch/index.php?option=com_content&view=article&id=338&Itemid=306&lang=en 

 
 Singapore: 17 BIPV modules were prepared and presented as software libraries in 8 

parametric Revit families and export formats compatible with AutoCAD and IFC. They 
are available for all Task 41 participants. Contact person: Stephen Wittkopf (former 
SERIS, NUS), Lucerne University of Applied Sciences and Arts, Switzerland. 

 
Chapter 7 “Tools” in T.41.C.1 Communication Guideline 
Authors: Horvat M, Lechner A & Kanters, J. 
Chapter 7 in the report T.41.C.1 describes a significant role that tools for solar design play 
for architects besides aiding them in solar design during the early design phase. Proper tools 
can be a powerful means of communication between actors throughout the entire design 
and construction process: from negotiations with the client and client’s advisors to dialogue 
with engineers, solar consultants, component manufacturers and installers at later stages. 
See also Subtask C. 
 
Subtask C: Concepts, Case Studies and Guidelines 
Communication Guideline – The Communication Process 
Editors: Hagen R, & Jørgensen O B. 
In order to stimulate an increased use of solar in energy conscious building design, the Task 
41 participants developed a Communication Guideline as a tool to support architects in their 
communication process with especially clients, authorities and contractors. Today the 
energy performance of solar solutions is well documented and well known especially in the 
“technical environment”. This knowledge, however, needs to be communicated in a 
convincing way to the decision makers in order to ensure a broad implementation of 
sustainable solar solutions in future building design. The Communication Guideline includes 
convincing arguments and facts supporting the implementation of solar based design 
solutions. The Communication Guideline is divided in three main parts: 

 Part 1: Convincing clients to request and commission solar buildings 
 Part 2: Communication strategies at the design/ construction team level 
 Part 3: Tools and References. 

 
Website: Collection of Case Studies of architecturally attractive solar buildings 
Jørgensen O B & Kappel K (editors) and the Subtask C expert group. 
A collection of case studies demonstrating architecturally attractive energy efficient solar 
buildings has been developed. The case study collection includes a wide range of new built 
or retrofitted building types. The solar technologies include passive elements and active 
elements (PV and Solar Thermal). More than 250 case studies have been proposed and 
evaluated by a broad range of trained architects from universities, research institutes, 
dissemination organisations and professional practices. Around 50 projects from 11 
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countries are included in the Collection of Case Studies. The evaluation process focused on 
criteria of specific importance with respect to architecture and energy: 

 The overall global composition: How solar energy is integrated in the whole concept 
of the building and contributes to high architectural quality 

 Detailed description of surface and materials: How solar energy is used in 
considerations of design, which contributes to architectural quality 

 Added value and functions: How solar energy contributes to spatial experiences or 
other added values, which contribute to architectural quality. 

 
The Collection of Case Studies will be available on the IEA SHC Task 41 website 
(http://task41.iea-shc.org/) in February/March 2013. Case studies can be downloaded based 
on own choices from the available various categories: Solar Technology, Project Type (new 
build or retrofit), Country, Architectural Typologies, Building Type and Construction Year. 
These selected innovative examples show that already today appealing and energy-efficient 
architecture can be achieved using solar energy in buildings. 
 
Workshops and Conferences 
The following are workshops and conferences Task participants contributed to with results of 
their work achieved within the frame of the Task or with results of the Task work. It also in-
cludes workshops and seminars organized to discuss and get input to the Task. 
 
 
Workshop/Conference  Place Date 

Facilitate the acceptance of solar installations 
in the built environment 

Luzern, Switzerland 23-24 March 2009 

Interactive tools and assistance for the 
architectural integration of solar installations  

Lugano, Switzerland 16-17 Nov. 2009 

Workshop: Opportunities of collaboration 
between the building and solar sectors 

Trübbach (Oerlikon), 
Switzerland 

1-2 Feb. 2010 

Architectural Workshop: Certification and 
Quality of Building Integrated PV and thermal 
collectors 

Bolzano, Italy 19 March 2010 

Conference ACFAS Montreal, Canada May 2010 

Seminar: Forms of Energy Rome, Italy 10 June 2010 

EuroSun 2010; International Conference on 
Solar Heating, Cooling and Buildings 

Graz, Austria Sept. 2010 

Workshop: A new generation facades 
providing cooling and heating 

Stockholm, Sweden 16 Sept. 2010 

The 2nd symposium on active solar building, 
OTTI 

Luzern, Switzerland 22-23 Sept. 2010 

Architectural Workshop linked to Klimaenergy 
Fair 

Bolzano, Italy 23 Sept. 2010 

Workshops (5): Formal characteristics of 
Photovoltaics 

Trondheim (3), 
Norway 
Oslo (2), Norway 

March, Sept. 2010 
Sept., Oct. 2010 

Conference Color and Light in Architecture Venice, Italy 11-12 Nov. 2010 
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Workshop/Conference  Place Date 

Integrating Solar Technologies, Continuum 
Program and National Seminar Series, 
Australian Institute of Architects 

Australia: on web Dec. 2010-Jan. 2011 

Bau Z congress, IBO Vienna, Austria 17-18 Feb. 2011 

Seminar: Solar Energy and Architecture – 
Knowledge and Inspiration 

Oslo, Norway 1 April 2011 

OTTI Symposium; Active solar systems Bad Staffelstein, 
Germany 

May 2011 

Workshop Futurebase: Architectural integration 
of PV and solar thermal panels- best practice 
examples  

Vienna, Austria 2 May 2011 

CRSEEL 2011; conference on sustainable 
construction including solar technologies.  

Caparica/Lisbon, 
Portugal 

18 May 2011 

The PhD Workshop Net-Zero Energy Solar 
Buildings: Theory, modelling, and Design. 
Concordia University. IEA SHC Task 40/41. 

Montreal, Canada 20-25 June 2011 

Modern – Construction Workshop Vienna, Austria 5 July 2011 

PLEA Conference 2011 Louvain, Belgium 13-15 July 2011 

ISES Solar World Congress 2011 Kassel, Germany 28 Aug - 2 Sept. 
2011 

The 26th European Photovoltaic Solar Energy 
Conference and Exhibition 

Hamburg, Germany 5-9 Sept. 2011 

CISBAT Conference Lausanne, 
Switzerland 

14-16 Sept. 2011 

Klima Energy Bolzano, Italy 23 Sept. 2011 

Seminar: Forms of Energy. A side event of 
the26th EUPVSEC 

Hamburg, Germany 26 Sept. 2011 

Melbourne Forum. Seminar: Solar Energy and 
Architecture  

Melbourne, Australia 28 Sept. 2011 

Joint IEA SHC, APVA and Sustainability 
Victoria Latest International Solar 
Technologies for Buildings Seminar 

Melbourne, Australia 29 Sept. 2011 

9th Photovoltaic Conference Vienna, Austria 20-21 Oct. 2011 

Seminar at Natural Resources Canada 
(NRCan) for Professional and researchers 

Calgary, Canada Oct. 2011 

Seminar: Arkitektur & Solenergi  Stockholm, Sweden 17 Nov. 2011 

6th Energy Forum Seminar for the building 
actors 

Bressanone, Italy 6-7 Dec. 2011 

Workshop for master students Vienna, Austria Autumn 2011 
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Workshop/Conference  Place Date 

Workshop/course: Innovation School – 
ENERBUILD 2011 

Bolzano, Italy Sept. – Dec. 2011 

Architectural dissemination workshop: 
Klimahouse 2012: “Fotovoltaico integrato: la 
sfida per gli edifici del futuro” 

Bolzano, Italy 26 Jan. 2012 

Seminar at Illinois Institute of Technology, IIT Chicago Jan. 2012 

Seminar at Dawson College, Montreal Montreal, Canada Feb. 2012 

Architectural workshop: Energy MED. 
„Fotovoltaico e Preesistente. Spunti di 
discussione sull’impiego del fotovoltaico nelle 
città e nel paesaggio“ 

Naples, Italy 22 March 2012 

IAHS World Congress Istanbul, Turkey 16-19 April 2012 

Architectural Workshop: Bread and 
Environment 

Oslo, Norway 2 May 2012 

22nd symposium Solar Thermal Energy Bad Staffelstein, 
Germany 

9-11 May 2012 

The annual conference of Ontario Association 
of Architects 

Ottawa, Canada 10-12 May 2012 

The annual conference of L'Ordre des 
architectes du Québec 

Montreal, Canada 31 May - 2 June 
2012 

Cities in transformation – Research & Design 
Conference 

Milano, Italy 7-10 June 2012 

SHC 2012; International Conference on Solar 
Heating and Cooling for Buildings and Industry  

San Francisco, USA 9-11 July 2012 

 
 
Journal Articles and Conference Papers/Presentations 
In total, the participants reported more than 90 journal articles and conference papers and/or 
oral presentations that were carried out. 

LINKS WITH INDUSTRY 
The collaboration with industry included different types of industry. In Task 41 only minor 
direct participation came from the product/system industry (mainly from Norway and 
Switzerland). However, some of the Task participants collaborated with companies locally 
within their country, thus indirectly participating. The communication with the solar product 
industry and tool developers was organized by workshops and seminars and by direct 
contact with companies/employees. When including architect firms and consultants as 
industry, there was active (official) participation from 9 companies within 5 countries. 

CONCLUSIONS/RECOMMENDATIONS 
Task 41 focused on three main components related to architectural barriers 1) limitations of 
active solar products for building integration, 2) architects’ limited knowledge regarding the 
possibilities offered by available solar technologies and products, and 3) a lack of tools to 
quantify, visualize and communicate the effect of solar systems at the EDP.  
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The work within Task 41 showed that although good examples of solar components and 
architecturally appealing solar buildings exist, there is still need for further developments in 
terms of products, design tools, and skills. More solar products are needed with improved 
flexibility in sizes, surface textures and colours, jointing etc, as well as dummy elements 
(with the same appearance as active elements), which could be used on parts of facades 
and roofs not suitable for active elements. On the other hand, thanks to the growing interest 
of architects for solar use, manufacturers are becoming increasingly aware of the need for 
new products specially adapted to architectural integration, or at least for an increased 
flexibility in their existing products, leading to novel development activities also in the less 
developed field of solar thermal integration. 
 
Subtask A also showed the need for dissemination of existing knowledge regarding solar 
energy applications, innovative products and solutions. Seminars and courses for practising 
architects and students in architecture and engineering are needed. Fortunately, one of the 
important deliverables of this Task is production of workshops and seminars for architects in 
the participating countries. Some of these workshops have already been held with positive 
outcomes. However, the current curriculum within schools of architecture offers a limited 
range of courses regarding energy-efficient buildings in general and solar energy issues in 
particular. Increasing the offer of courses in these key areas would certainly contribute to 
accelerate the development of solar architecture around the world.  
 
Subtask B showed that many digital tools can handle solar energy issues but these tools are 
mainly suitable for engineers and for an advanced design phase. Tools for the EDP, when 
key formal building decisions are taken, are still very limited or not integrated in the normal 
workflow of architects. Such tools are needed to support the architects in their work and also 
to support their communication with the client, consultants, the municipality for building 
permits, etc. Tool developments as well as development of CAAD objects for solar 
components are therefore urgently needed. 
 
As part of the Subtask C activities, a considerable amount of architecturally inspiring solar 
buildings were identified. This is encouraging since good examples of buildings and 
architecturally well-integrated solar systems are important, both to convince architects and 
clients and to make the buildings welcome in the built environment. However, architecturally 
inspiring examples of energy-efficient building renovation with solar are few and need to be 
encouraged further. Our vision – and the opportunity – is to make architectural design a 
driving force for the use of solar energy! 
 
Good examples of urban areas with a conscious planning of solar energy use and energy-
efficient buildings were originally planned to be part of Task 41. However, one important 
conclusion was that only few good examples on solar energy in urban planning exist today 

and a vast development is needed 
regarding strategies, methods, 
tools and case studies on the 
urban level. This could not be 
handled within the short time 
frame and scope of Task 41. 
Therefore, the new Task 51 “Solar 
Energy in Urban Planning” will 
start in May 2013. 
 
 
 
 

 More buildings with integrated solar systems are 
needed. Photo: Maria Wall. 
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KEY REPORTS/PUBLICATIONS (expected publication dates included) 
 
All reports will be available on the SHC website 
 
 
ReportNo
. 

Report Title Publication 
Date 

Access 
(PUblic, 
REstricted
) 

Web or 
Print 

T.41.A.1 Building Integration of Solar Thermal and 
Photovoltaics – Barriers, Needs and 
Strategies 

June 2012 PU Web 

T.41.A.2 Solar Energy systems in Architecture - 
integration criteria and guidelines 

July 2012 PU Web 

T.41.A.3/1 Designing solar thermal systems for 
architectural integration: Criteria and 
guidelines for product and system 
developers 

Feb 2013 PU Web 

T.41.A.3/2 Designing photovoltaic systems for 
architectural integration: Criteria and 
guidelines for product and system 
developers 

Feb 2013 PU Web 

Website Innovative solar products for architectural 
integration 

July 2012 PU Web 

List of 
activities 

IEA SHC Task 41 Product developments 
and dissemination activities 

July 2012 PU Web 

T.41.B.1 State-of-the-art of digital tools used by 
architects for solar design 

July 2010 PU Web 

T.41.B.2 International survey about digital tools used 
by architects for solar design 

August 
2011 

PU Web 

CAAD 
objects 

Solar components 3D parametric CAAD 
objects 

November 
2011 

PU Web 

T.41.B.3 Solar Design of Buildings for Architects: 
Review of Solar Design Tools 

June 2012* PU Web 

T.41.B.4 Needs of architects regarding digital tools 
for solar building design 

June 2012 PU Web 

T.41.C.1 Communication Guideline – The 
Communication Process 

July 2012 PU Web 

Website Collection of Case Studies of architecturally 
attractive solar buildings 

Feb 2013* PU Web 

 
 
MEETINGS HELD IN 2012 
 
7th Expert Meeting (final meeting) 
March 27-30 
Lisbon, Portugal 

58



 
SHC Task 41: Solar Energy and Architecture 

www.iea-shc.org 
	
  

TASK 41 NATIONAL CONTACTS AND PARTICIPATING EXPERTS 
 
Task Management 
 
Operating Agent 
Maria Wall 
Energy and Building Design 
Lund University 
P.O. Box 118 
SE-221 00 Lund, Sweden 
maria.wall@ebd.lth.se 
 
Leader Subtask A 
Maria Cristina Munari Probst 
Christian Roecker (co-leader) 
EPFL-LESO 
Bâtiment LE 
Station 18 
CH-1015 Lausanne, Switzerland 
mariacristina.munariprobst@epfl.ch 
christian.roecker@epfl.ch 
 
Leader Subtask B 
Marie-Claude Dubois 
School of Architecture, Laval University 
1, Côte de la Fabrique, Québec,  
Québec, G1R 3V6, Canada 
marie-claude.dubois@arc.ulaval.ca 
 
Miljana Horvat (co-leader) 
Department of Architectural Science 
Ryerson University 
350 Victoria St., 
Toronto, Ontario, M5B 2K3, Canada 
mhorvat@ryerson.ca 
 
Leader Subtask C* 
Olaf Bruun Jørgensen 
Esbensen Consulting Engineers 
Gammel Køge Landevej 22 
DK-2500 Valby, Denmark 
obj@esbensen.dk 
 
Karin Kappel (co-leader in 2012) 
Solar City Copenhagen 
Arkitekternes Hus 
Strandgade 27A 
DK-1401 København K 
Denmark 
kk@solarcity.dk 
 
*) with support from Norway: team leader 
Merete Hoff, Dark Arkitekter AS. 
 

Countries (NCP = National Contact Person) 
 
Australia 
Mark Snow (NCP) 
Faculty of the Built Environment 
University of New South Wales 
Sydney 2052, Australia 
m.snow@unsw.edu.au 
 
Austria 
Maria Amtmann (NCP) 
Susanne Geissler (former participant) 
Division Buildings & Heating  
Austrian Energy Agency  
Mariahilfer Straße 136  
A-1150 Vienna, Austria 
maria.amtmann@energyagency.at 
 
Susanne Gosztonyi 
Energy Department 
AIT Austrian Institute of Technology  
Giefinggasse 2 
A-1210 Vienna, Austria 
susanne.gosztonyi@ait.ac.at 
 
Thomas Mach 
Institute of Thermal Engineering  
TU Graz / Graz University of Technology 
Inffeldgasse 25/B 
A-8010 Graz, Austria 
thomas.mach@tugraz.at 
 
Andreas Lechner 
Institute of Design and Typology  
TU Graz / Graz University of Technology 
Lessingstrasse 25/IV 
A-8010 Graz, Austria 
andreas.lechner@tugraz.at 
 
Sophie Grünewald 
Institute of Design and Typology  
TU Graz / Graz University of Technology 
Lessingstrasse 25/IV 
A-8010 Graz, Austria 
s.gruenewald@tugraz.at 
 
Belgium 
André De Herde (NCP) 
Catherine Massart 
Architecture et Climat - UCL 
Place du Levant, 1 
B-1348 Louvain-La-Neuve, Belgium 
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andre.deherde@uclouvain.be 
catherine.massart@uclouvain.be  
 
Canada 
Miljana Horvat (NCP) 
Michael Clesle, Viktor Kuslikis, Alissa 
Laporte (master students) 
Department of Architectural Science 
Ryerson University 
350 Victoria St., 
Toronto, Ontario, M5B 2K3, Canada 
mhorvat@ryerson.ca 
 
Marie-Claude Dubois 
Pierre Côté 
Shirley Gagnon, Émilie Bouffard (master 
students) 
School of Architecture, Laval University 
1, Côte de la Fabrique, Québec  
Québec, G1R 3V6, Canada 
marie-claude.dubois@arc.ulaval.ca 
pierre.cote@arc.ulaval.ca 
 
Andreas Athienitis 
Caroline Hachem 
Dept. of Building, Civil and Environm. Eng. 
Concordia University (SBRN) 
1455 Maisonneuve W., Montreal 
Quebec, H3G1M8, Canada 
aathieni@encs.concordia.ca 
caroline_hachem@yahoo.com 
 
Denmark 
Olaf Bruun Jørgensen (NCP) 
Esbensen Consulting Engineers 
Gammel Køge Landevej 22 
DK-2500 Valby, Denmark 
obj@esbensen.dk 
 
Karin Kappel 
Solar City Copenhagen 
Arkitekternes Hus 
Strandgade 27A 
DK-1401 København K 
Denmark 
kk@solarcity.dk 
 
 
Germany 
Gustav Hillmann 
Margarethe Korolkow (NCP) 
IBUS – Institut für Bau-, Umwelt- und 
Solarforschung 
IBUS Architekten und Ingenieure GbR 

Caspar-Theyß-Straße 14a 
D-14193 Berlin, Germany 
hillmann@ibus-berlin.de 
margarethe.korolkow@ibus-berlin.de 
 
Susanne Rexroth 
HTW Berlin University of Applied Sciences 
Renewable Energies 
Wilhelminenhofstr. 75A 
D-12459 Berlin, Germany 
susanne.rexroth@htw-berlin.de 
 
Gisela Wicht (NCP) 
HTW Berlin University of Applied Sciences 
Renewable Energies 
Ostendstrasse 1 
D-12459 Berlin, Germany 
gisela.wicht@htw-berlin.de 
 
Italy 
Roberto Lollini (NCP) 
Alessia Giovanardi 
Laura Maturi 
EURAC research 
Viale Druso/Drususallee 1 
I-39100 Bolzano/Bozen, Italy 
roberto.lollini@eurac.edu 
alessia.giovanardi@eurac.edu 
laura.maturi@eurac.edu 
 
Alessandra Scognamiglio 
ENEA 
UTTP Portici 
Piazzale E. Fermi 1 
I-80055 Portici (NA), Italy 
alessandra.scognamiglio@enea.it 
 
Gabriele Lobaccaro 
Politecnico di Milano - Dipartimento BEST 
Via Ponzio 31 
I - 20133 Milano, Italy 
gabriele.lobaccaro@mail.polimi.it 
 
Norway 
Merete Hoff (NCP) 
Marius Bjørge 
Vivianne Steinsåker 
DARK Arkitekter AS 
Drammensveien 130 
N-0277 Oslo, Norway 
mho@dark.no 
marius.bjorge@dark.no 
Vivian.Steinsaker@dark.no 
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Klaudia Farkas 
Anne Grete Hestnes 
Department of Architectural Design, 
History, and Technology, 
NTNU 
NO-7491 Trondheim, Norway 
klaudia.farkas@ntnu.no 
annegrete.hestnes@ntnu.no 
 
Rolf Hagen 
Kate Hagen 
Context AS 
Rjukan Naeringspark, Bygg 270 
N-3660 Rjukan, Norway 
rolf@context.as 
katie@context.as 
 
Axel Andreas Bjørnulf 
Schüco International 
PB 56, Bogerud 
N-0621 Oslo, Norway 
ABjoernulf@schueco.com 
 
Olaf Bruun Jørgensen 
Esbensen Consulting Engineers A/S 
Gammel Køge Landevej 22 
DK-2500 Valby, Denmark 
obj@esbensen.dk 
 
Portugal 
Miguel Pires Amado (NCP) 
Maria Rosário Ribeiro 
Francesca Poggi 
Tania Lopes 
FCT/UNL 
Campus da Caparica 
PT-2829-516 Caparica, Portugal 
ma@fct.unl.pt  
rsa.ribeiro@fct.unl.pt 
f.poggi@fct.unl.pt 
tcl@fct.unl.pt 
 
João Capucho de Freitas 
GEOTPU/DEC/FCT 
Campus da Caparica 
PT-2829-516 Caparica, Portugal 
Jc.freitas@fct.unl.pt 
 
Vasco Moreira Rato 
ISCTE-IUL Instituto Universitário de 
Lisboa 
Ava Forças Armadas, Lisboa, Portugal 
vasco.rato@iscte.pt 

 
Republic of Korea 
Jun Tae Kim (NCP) 
Department of Architectural Engineering, 
Kongju National University   
275 Budae-Dong, Cheonan 
Chungnam 330-717 
Republic of Korea 
jtkim@kongju.ac.kr 
 
Singapore 
Stephen K Wittkopf (NCP) 
Yixiang Huang (former participant) 
Solar Energy Research Institute of 
Singapore (SERIS) 
National University of Singapore (NUS) 
7 Engineering Drive 1 
Building E3A #06-01 
Singapore 117574 
stephen.wittkopf@nus.edu.sg 
 
Spain 
María José Jiménez (NCP) 
Ricardo Enriquez Miranda (NCP) 
Energy Efficiency in Building R&D Unit, 
CIEMAT 
Av. Complutense, 22 
E-28040 Madrid, Spain 
mjose.jimenez@psa.es 
ricardo.enriquez@ciemat.es 
 
Sweden 
Maria Wall (NCP) 
Jouri Kanters 
Energy and Building Design 
Lund University 
P.O. Box 118 
SE-221 00 Lund, Sweden 
maria.wall@ebd.lth.se 
jouri.kanters@ebd.lth.se 
 
Marja Lundgren  
Erik Eriksson 
Ulrika Stenkula 
Karina Antin 
White Arkitekter 
P.O. Box 4700 
SE-116 92 Stockholm, Sweden 
marja.lundgren@white.se 
erik.eriksson@white.se 
ulrika.stenkula@white.se  
karina.antin@white.se  

 Switzerland 

61



 
SHC Task 41: Solar Energy and Architecture 

www.iea-shc.org 
	
  

Francesco Frontini (NCP) 
Morena Ferrazzo 
Isa Zanetti (former participant) 
SUPSI-DACD-ISAAC 
Swiss BiPV centre of competence 
Via Trevano, CP 105 
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TASK DESCRIPTION 
The objective of this Task is to develop 
advanced materials for compact storage 
systems, suitable not only for solar thermal 
systems, but also for other renewable 
heating and cooling applications such as 
solar cooling, micro-cogeneration, 
biomass, or heat pumps.  The Task covers 
phase change materials, thermochemical 
and sorption materials, and composite 
materials and nanostructures, and includes 
activities such as material development, 
analysis, and engineering, numerical 
modeling of materials and systems, 
development of storage components and 
systems, and development of standards 
and test methods.  The main added value 
of this Task is to combine the knowledge of 
experts from materials science as well as 
solar/renewable heating and energy conservation.  
 
This Task deals with advanced materials for latent and chemical thermal energy storage, on 
three different scales: 

 Material scale, focused on the behavior of materials from the molecular to the ‘few 
particles’ scale, including for example, material synthesis, micro-scale mass 
transport, and sorption reactions. 

 Bulk scale, focused on bulk behavior of materials and the performance of the storage 
in itself, including for example, heat, mass, and vapor transport, wall-wall and wall-
material interactions, and reactor design. 

 System scale, focused on the performance of storage with in a heating or cooling 
system, including for example, economical feasibility studies, case studies, and 
system tests. 

 
The work in the Task is structured in materials oriented, application oriented, and 
crosscutting working groups.  
 
Subtask A: Materials 
Working Group A1: Material Engineering and Processing 
The activities in this Working Group focus on engineering new materials or composites, i.e. 
changing the properties of existing materials and developing new materials 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 technologies.  
 
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 environment. In nearly all 
cases, storage material cannot be used to store heat in its raw form, but needs to be 
processed into a slurry, encapsulated, or otherwise processed. 
 
This Working Group includes the following activities: 

 Synthesis of new materials. 
 Determining material characteristics such as phase diagrams. 
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 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 importance of material containers. 
 Finding optimal methods for micro- and macro encapsulation of storage materials 

(particularly phase change, sorption, and thermochemical materials). 
 Processing phase-change slurries. 
 Finding new combinations of materials. 

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

 Comparative testing of materials and their required methods. 
 Long-term stability determination. 
 (Pre-)standardization 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 optimise the material behaviour and the dynamic behaviour of 
compact thermal energy storage systems and components. Ultimately, these numerical 
models could help to find ways to optimise the materials in combination with the system 
components. 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/ Components 
The storage apparatus is composed of the storage material and the equipment necessary to 
charge and discharge the storage 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 
developed, together with appropriate testing methods and procedures to assess the long-
term behaviour of an apparatus: 

 Storage container and reactor design. 
 Storage apparatus design, based on the selected storage materials. 
 Improve heat transfer from material to reactor wall or heat exchanger wall. 
 Apparatus performance assessment.  
 Assessment of durability of components. 
 Develop and apply test and validation methods for storages. 

 
Subtask B: Applications 
There are several applications for compact thermal energy storage technologies, each with a 
different set of boundary conditions for the technology. Although the applications themselves 
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place very different requirements on storage technology, the steps that must be taken are 
very similar for all applications. Hence, the activities 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 limitations of the application. The materials development 
will be directed by the desired system performance. A constant assessment 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 density, 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 thermophysical properties for each application. 
 Selection of relevant candidate materials and system technologies. 
 Storage system design, based on the selected storage materials (link to A2) and 

applications. 
 Assessment of durability of components. 
 System performance assessment and validation. 
 Numerical modelling on the application level. 
 Case studies. 
 Economical modelling. 
 Feasibility studies. 
 Market potential evaluations. 

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

 Working Group B1: Cooling 
 Working Group B2: Heating / DHW 
 Working Group B3: High Temperature 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 performance 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 determined, e.g. the energy stored per volume and per 
mass as a function of temperature, with respect to different mechanisms as sensible, latent, 
sorption or chemical storage.  In a second step technical aspects shall be evaluated.  In 
many cases the energy storage density and the efficiency 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 Energy Conservation through Energy Storage 
Programme (ECES Annex 24).  The Task started on January 1, 2009 and will end on 
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December 31, 2012. 
 
Participating Countries 
Australia, Austria, Belgium, Canada, Denmark, France, Germany, Italy, Japan, Netherlands, 
Slovenia, Spain, Sweden, Switzerland, Turkey, United Kingdom and United States 

WORK DURING 2012 
The Task activities in the subsequent working groups were as follows: 
 
Materials Engineering and Processing 

Work was done on the overview of new or improved compact thermal energy storage 
materials. The information material will be put together in a main deliverable. In 9 chapters, 
the most important developments in CTES materials will be described. The chapters will 
cover sensible (high temperature) storage materials, phase change and thermochemical 
materials. The development work of several participating groups was published. Amongst 
others, it concerned the development of mesoporous silicates impregnated with a salt 
hydrate, solid-solid polymer phase change materials and novel metal organic framework 
materials. 
 
The trial version of the materials database was tested and finalised and will be filled with 
material properties in the coming years with both phase change materials and 
thermochemical materials. 
 
Materials Testing and Characterization 
Reports were prepared on the definition of draft standards for performing Round Robin Tests 
with phase change materials and with thermochemical materials. These are the outcomes of 
the round robin test and the DSC measuring and characterisation workshop that were done 
in the Task. This work was also published. 
 
Numerical Modelling 
Experimental data sets were assembled that will be used as a reference base for the 
numerical tools that are developed by the different groups in the Task. Experimental data 
sets are available for 4 configurations with phase change materials and 5 with 
thermochemical materials. The sets are all described in a report, to be published in the 
spring of next year. 

 
Apparatus and Components 
There was very little progress in this working group. The finalisation of the work on design 
process descriptions and on the performance test protocol is to be done in the spring of next 
year. 
 
Application Working Groups 
The cooling application working group drafted the final report. It describes two cooling 
applications as case studies for their boundary conditions for storage materials. A reporting 
template for description of cold storage applications was designed and will be used to gather 
information on a larger number of cold TES applications.  
For the Heating and Hot Tap Water working group, a first draft of the final report was made, 
including the material for the three deliverables: Description of systems and materials, 
Laboratory prototype development and testing and Simulated technical potential.  
In the High temperatures application working group, the report for the State of the art 
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overview was finalised. 
 
Theoretical Limits 
The study into the economical limits of thermal storage was drafted and discussed. The part 
on top-down economic approach is finalised and will be reported in the deliverable.  
 
Other 
During 2012, four large EU funded R&D projects were launched. Three are aimed at 
development of novel compact thermal energy storage systems and one on research into 
novel low to medium temperature phase change materials. These projects give the R&D into 
CTES a boost and will contribute to the activities in the follow-up of this Task 42. 

WORK PLANNED FOR 2013 
2012 was the last year of Task 42.  Next year, the Task will have a continuation of three 
years.  Key activities for this continuation, planned for 2013 include: 

 Gathering of experimental data for the materials database. 
 Testing of the practical value of the experimental data for numerical tool validation. 
 Further discussion on replicable test methods for compact thermal storage materials. 
 Start with bottom-up economical approach for thermal energy storage systems. 

REPORTS PUBLISHED IN 2012 
Report on the state-of-the-art modeling techniques of PCM/TCM materials 

REPORTS PLANNED FOR 2013 
A series of reports are planned, with topics:  

 Description of experimental data for numerical tools validation 
 Description of thermal energy storage reactor designs 
 Storage apparatus performance test protocol 
 Boundary conditions for cold storage applications 
 State of the art of high temperature storage applications 
 State of the art on numerical modeling of high temperature TES applications 
 Laboratory scale application of process heat at 200 °C 
 Physical limits of thermal energy storage 
 Technical limits and constraints of thermal energy storage 

MEETINGS IN 2012 
7th Experts Meeting 
March 27-29 
Tokyo, Japan 
 
8th Experts Meeting 
October 18-19 
Petten, The Netherlands 

MEETINGS PLANNED FOR 2013 
9th Experts Meeting 
April 19-21 
Location to be confirmed 
 
10th Experts Meeting 
September  
Details to be decided
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TASK DESCRIPTION 
Task 43 was an international collaboration focusing on research and development, where 
needed, of new test and certification procedures for conventional and advanced solar 
thermal products, at both the collector and system levels.  Task activities drew on the 
knowledge of industry, testing laboratories, standard-setting authorities and certification 
bodies in the areas of solar collector 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 industry, laboratories and certification bodies expend on testing and certification.  
Consumer protection and the development and dissemination of credible information on 
solar heating and cooling benefits are guiding principles of this Task.   
 
Stakeholders in Task 43 activities worked on methods to be used to apply the Task research 
results to specific products, standards and certifications, including global certification 
schemes now under discussion and development. Task products continue to be 
communicated to those legal authorities that define how certification shall be conducted, for 
use as they see fit.  
 
The ultimate objective is a single global certification scheme. 
 
 
 
 
Scope 
The scope of Task 43 included performance testing and characterization, qualification 
testing, environmental impact assessment, accelerated aging tests, numerical and analytical 
modelling, component substitution procedures, and entire system design assessment.  
 
Means 
Task 43 was divided into the following Subtasks. 
 
Subtask A: Collectors  
(Leader: Enric Mateu Serrats, Spain) 

The objective of this subtask is to examine existing testing and certification procedures for 
low-temperature evacuated tube and flat-plate collectors, air heating collectors, and medium- 
to high-temperature concentrating collectors in order to identify weaknesses, inconsistencies  
in application and significant gaps. 
 
The activities in this Subtask produced research results to inform participants, industry, 
testing labs and certification bodies with new information to support lthe goal of  harmonized 
testing and certification. 
 
Subtask B: Systems Testing and Characterization 
(Leader: Harald Drück, Germany) 

The objective of this subtask was to examine existing testing procedures for entire systems 
and identify weaknesses, inconsistencies in application, and significant gaps, and to 
investigate component/material substitution issues, including implications for qualification 
and safety testing.  System performance characterization, testing, simulation and modeling 
and extrapolation work has helped to clarify key issues regarding system design and 
applicability in various geographic areas. 
 

One test, one certification   à Access to all markets 
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Duration 
This Task began in July 2009 and Phase 1 ended in June 2012.  A proposal to extend the 
Task will be discussed at the June 2013 Executive Committee meeting. 
 
Participation 
A total of 11 countries participated in the Task: Australia, Austria, Canada, Denmark, 
Germany, Italy, Portugal, Spain, Sweden, Switzerland and the United States. 
 
TASK ACCOMPLISHMENTS 
Subtask A: Collectors 
Roadmap of Collector Testing and Certification Issues 
A comprehensive roadmap on existing collector testing processes was completed, which 
serves several purposes: 

• A comprehensive guide to how tests and standards are applied and how they relate 
to certification. 

• Identifies gaps, inconsistencies and weaknesses along with approaches to 
addressing problems. 

• Makes recommendations for improving procedures in order to accommodate 
emerging technologies where standards and testing approaches are under 
development. 
  

Low-to-Medium Temperate Collector Test Procedures, Standards and Simulation  
Based on priorities and issue identification developed in the Roadmap Activity and work on 
the White Paper on Low-Medium Temperature Collectors, experts analyzed current issues in 
flat plate and evacuated tube collector testing and certification. Worldwide round-robin tests 
carried out through the QUAiST project helped to inform this effort by investigating the 
nature of any variations and problems in testing procedures.  Topics of note that the experts 
identified include: 
 

Flat Plate Collectors 
• Issues surrounding the ability to maintain uniform test conditions around Europe have 

been the cause for considerable debate, however the QAiST Round Robin tests have 
diminished concern in this area due to the relatively good outcome of the testing 
results comparison. 

• Rain penetration test procedures conducted under the European Standard have 3 
different pass/fail criteria, so uniformity of results are not assured. 

• For certain types of collectors, existing performance test procedures do not assure 
accurate performance characterizations when “non-typical” flow rates are used. 

 
Evacuated Tube Collectors 
• Gaps remain in the definitions and specifications of the various types of ETCs. 
• Calculation of efficiency curves for ETCs are problematic due to the difficulty of 

measuring absorber temperature and the inaccuracies, which occur when applying 
existing efficiency models to double-glazed ETCs. 

•  Thermal capacitance measurement of ETCs using existing calculation methods is 
inconsistent among test methods. 

• Mechanical load testing is not performed consistently across Europe. 
• Impact resistance testing is not well-defined due to a number of factors, including: 

o Inconsistency in ice ball property definition 
o Low correlation between ice ball and steel ball impact results 
o Inconsistencies between individual glass tubes from the same manufacturer 

• Vacuum loss characterization has not been addressed within testing procedures. 
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Polymeric Material Collectors 
• Protection of polymer absorber plates in glazed collectors from the effects of the 

elevated operating temperatures expected in medium-temperature collectors remains 
a barrier to polymer substitution for metal absorbers. 

• Protection of polymer glazings from damage due to sunlight exposure remains a 
barrier to necessary glazing transparency and durability. 

• The challenge of determining polymeric formulations, which preserve the necessary 
ageing and operational characteristics at a price, which is sufficiently lower than 
metal-based products, has not yet been solved. 

 
White Paper on Low-Medium Temperature Collectors 
A draft white paper was written on this topic and will be completed in 2013.  
 
Air Heating Collector Test Procedures, Standards and Simulation 
Based on priority and issue identification work developed in the Roadmap Activity, and work 
completed in the Draft White Paper for Air Heating Collectors, the following points are made: 
  

• Most issues identified in the Subtask A Roadmap regarding air collectors revolve 
around limitations in existing test procedures.  The white paper notes: 

o ANSI-ASHRAE 93, published in 1977 and most recently updated in 2010, is 
the oldest and most well-known air heating collector testing standard, 
however it does not address durability and reliability. 

o EN 12975-2006 does not cover solar air collector testing, but some parts are 
used for establishing energy production values in order to establish eligibility 
for subsidies.  Not all air heating technologies can be so tested, creating a 
marketplace problem.  A draft extension of EN 12975 developed by 
Fraunhofer ISE to include air heating collector testing is nearing approval, and 
will include durability and reliability tests, but not “uncovered” collectors. 

o The Canadian CSA F378.2 for air heating collectors has become effective in 
2012, and includes provisions for both “covered” and “uncovered” air heating 
collectors, although certain durability/reliability tests are not addressed. 

o A CEN-ISO unified standard is under development, and would include 
performance and reliability tests for both “covered” and “uncovered” products. 

o The EU-sponsored NEGST has developed a draft standard for air heating 
collectors, however is not applicable to “site-built” products such as transpired 
collectors, but only for modular products. 

o More work on the effect of wind on air heating collector performance, 
particularly for uncovered collectors, is needed.   

• Building façade-integrated, transpired air-type “uncovered” collectors are gradually 
gaining market acceptance (particularly in Canada) for ambient air pre-heating 
applications. 

• Combined photovoltaic/air heating collectors/systems are becoming available, but in 
some configurations pose difficulties in testing performance. 

 
White Paper on Air Heating Collectors 
A draft white paper was written and will be completed in 2013.  
 
Concentrator Collector Test Procedures, Standards and Simulation  
The Subtask A Roadmap section on concentrating collectors focuses on an assessment of 
current standards and certification procedures for concentrating collectors, an assessment of 
concentrating collector durability test methods, concentrating collector component durability 
test methods, and testing approaches for concentrating collector products. The following 
conclusions are reached: 
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Current Standards and Certification Procedures 
• ANSI ASHRAE 93 addresses efficiency models for a limited number of concentrating 

collector configurations, and defines some parameters for incidence angle modifier 
testing. 

• ISO 9806-1 is not applicable to tracking concentrating collectors, but contributes 
some information on parabolic trough incidence angle modifier testing. 

• ANSI ASTM E 905-87 gives a method for determining thermal performance of 
tracking concentrating collectors using outdoor testing only, with some other 
limitations. 

• UNE-EN 12975-2 contributes a quasi-dynamic thermal performance test procedure 
applicable to most concentrating collector designs, but is otherwise not applicable to 
tracking concentrating designs. 
 

Collector Durability Test Procedures 
• ISO 9806-1 is generally not applicable to concentrating collectors. 
• EN 12975-2 does not provide a durability test applicable to concentrating collectors. 
• Several IEC Standards, while not specifically written for concentrating thermal 

collectors, may provide useful language for a more specifically applicable standard, 
including IEC 60721 (Stress severity classification), IEC 61215 (PV module UV 
degradation, thermal cycling, humidity and hail impact), and IEC 62108 
(concentrating PV durability). 

• SRCC Standard 600 addresses criteria for collector and component overheat 
protection.  
 

Component Durability Test Procedures 
• ISO 9050 Light transmission and reflectance can inform mirror reflectance 
• ISO 9845-1 Direct normal and hemispherical irradiance reference 
• ASTM G173-03 Direct normal and hemispherical irradiance reference 
• EN 12975-2:2011 Informative annex addresses reliability testing of concentrating 

and/or tracking collectors  
• ISO 9806 Revision:  Will include requirements modeled on EN 12975-2 annex 

designed to establish general requirements for collector/system self-protection 
against stagnation damage, including: 

o Exposure testing procedures 
o  Active and passive overheat protection controls 
o High temperature resistance testing 
o Internal thermal shock testing (where applicable) 
o Mechanical load testing 

 
White Paper on Concentrating Collectors 
A draft white paper was written and will be completed in 2013.  
 
Communication and Adoption of Results 
Efforts to ensure that industry and other stakeholders are informed about the activities of this 
effort have been conducted over the course of the Task, including the following: 
 

• In 2010, the formation in the US of a Solar Heating & Cooling Program US National 
Team, which met at the Solar Power International Conference and Exhibition in Los 
Angeles in October 2010, and again at the ASES Solar 2011 Conference in Raleigh, 
NC, USA, in May 2011.  The Team was formed of numerous US SHC stakeholders, 
and details about progress on Task activities were communicated.  

• In Europe, Industry Workshops have been held in conjunction with conferences,  
meetings of the SHC Executive Committee and Solar Keymark meetings. 
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Subtask B Systems Testing and Characterization 
Roadmap of Systems Issues 
Convened a meeting of experts to discuss issues and define research needs in more detail.  
Conduct research to define the limits/boundaries of solar thermal systems within the context 
of building integration, what is the solar thermal system in the contexts of storage, cooling, 
heating.  Work considered how systems should be defined for incentive programs; 
characterizing quantity and quality of heat; and appropriate parameters for due diligence 
assessments for larger custom systems.  Investigated ranges of tolerance/acceptable 
uncertainty in performance and/or define bands of acceptability for performance.   Examined 
existing performance testing and research applied to systems and promoted round robin 
tests to investigate variations in practices and procedures and their impact on test results, for 
example for passive systems where there are problems in producing comparable results for 
separable thermosiphon systems versus ICS and non-separable thermosiphon systems. 
 
Workshops and Conferences 
The following are workshops and conferences Task participants contributed to by outlining 
progress, results and obstacles regarding their work associated with the Task. 
   
Workshop/Conference  Place Date 

ISO/TC 180 Meeting 
Johannesburg,  
S. Africa 

October 16-17, 2009 

ITW Solar Thermal & Hot Water Testing & 
Certification Stuttgart, Germany February 8, 2010 

EN TC312/WG1 & Solar Keymark Graz, Austria October 5-6, 2010 
Solar Power International 

National SH&C Team Meeting 
Los Angeles October 12, 2010 

ASES 2011 

National SH&C Team Meeting 
Raleigh, NC, USA May 17-18, 2011 

ISES Solar World Congress Kassel, Germany September 3, 2011 

SHC 2012 & Intersolar USA San Francisco, CA, 
USA July 10, 2012 

 
 
CONCLUSIONS/RECOMMENDATIONS 
Task 43 activities have resulted in a number of advances in the effort to move forward the 
goal of “One Test, One Certification, Access to all Markets.”  At the same time, the realities 
of individual country-level, and region-level financial constraints should not be ignored.  It is 
heartening to learn of solar heating programs in developing countries, which embrace the 
use of, and advocacy for, solar water heating products.  It would be a mistake to ignore 
these growing markets.  At the same time, many of these markets are located in geographic 
areas where advanced solar water heating system designs which can accommodate 
extreme operating conditions are not affordable or technologically feasible given local market 
realities.  
 
One goal of ongoing efforts to harmonize solar product standards globally should be to 
recognize the value of a system where solar products are evaluated based on their intrinsic 
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design capabilities to operate under one or more geographic and climate-specific operating 
conditions.  The concept of product “classes,” where a testing regime establishes the ability 
of a given product to function as per design under varying/escalating levels of 
insolation/climatic duress would seem to allow for selection of products based on 
geographic/climatic need. 
 
A “Global” harmonization approach which incorporates a capability to measure product 
performance and durability metrics, and assign product ratings based on those metrics, 
could meet the apparent need for a range of product performance, durability, and price 
ranges. 

KEY REPORTS/PUBLICATIONS 
Research and Standardization on Solar Collector Testing and Towards a Global 
Certification Scheme (authors: Serrats, Kovacs, Kramer, Nielsen, Nelson) 
This document includes an excellent description of the numerous objectives, outcomes, and 
inter-related activities associated with Task 43. 
 
Subtask A Roadmap 
 
Draft White Papers on Low-Medium Temperature Collectors, Air Heating Collectors 
and Concentrating Collectors 

MEETINGS HELD IN 2012 
6th Task Experts Meeting 
July 10 
San Francisco, California, USA 
(in conjunction with the SHC 2012 Conference and Intersolar USA) 
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TASK 43 NATIONAL CONTACTS 
 
Task Management 
Co-Operating Agent 
Jan Erik Nielsen 
PlanEnergi 
Jyllandsgade 1 
9520 Skørping 
DENMARK 
jen@solarkey.dk 
Phone: +45 96820400 
 
Co-Operating Agent 
Les Nelson 
Western Renewables Group 
26 Vela Court 
Coto de Caza, California  92679 
USA 
lnelson@westernrenewables.com 
Phone: (949) 230-9060                   
 
Program Manager – Now Project Manager for Other Activities 
Kevin DeGroat 
Antares Group 
4351 Garden City Drive, Ste. 301 
Landover, MD  20785 
USA 
kdegroat@antares.org 
Phone: (301) 731-1900 Ext. 14 
 
Leader Subtask A (Collectors) – Now in new location 
Enric Mateu Serrats 
Formerly CENER (Spain National Renewable Energy Center) 
xaxeu@hotmail.com 
 
Leader Subtask B (Systems) 
Harald Drück 
University of Stuttgart (ITW) 
Pfaffenwaldring 6 
70550 Stuttgart 
GERMANY 
Phone: +49-(0)711-685-635 53 
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TASK DESCRIPTION 
The objective of this Task is to assess performances and relevance of 
combined systems using solar thermal and heat pumps, to provide a 
common definition of performances of such systems, and to contribute to 
successful market 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 considered: using a liquid heat transfer fluid, air, hybrid 
collectors, or even hybrid thermal 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 forbidden 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 solutions as well as advanced solutions, which may be still 
in the laboratory stage or still to be developed during the course of the Task. 
 
The Task is organized in the following Subtasks: 
 
Subtask A:  Solutions and Generic Systems  
(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 combining solar thermal and heat pump to meet heat requirements of 
a one family house. Subtask A deals mainly with manufactured systems and systems 
installed and monitored. 
 
Subtask B:  Performance Assessment  
(Lead Country: Austria, AIT, Ivan Malenkovic and Michael Hartl) 

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 prenormative definition 
on how to test and report the performance of a combined solar 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 sensitivity analysis on most of the systems such as being able to 
pinpoint important features and marginal ones in a given system configuration.  Sizing of 
systems will also be possible using the output of this Subtask, either with the computing tools 
developed or with general or system specific tables. 
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Subtask D:  Dissemination and Market Support  
(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 monitored 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 simulating solar and heat pumps systems 
 New components models or compiled existing ones 
 Website with all major reports and papers 
 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. 
 
This Task is a joint Task with the IEA Heat Pump Programme (HPP). It is referred to as Task 
44 in the SHC Programme and Annex 38 in the HPP. 

ACTIVITIES DURING 2012 

 The Subtasks have been working without disruption. 
 The 5th and 6th Experts meetings were held in Povoar do Varzim, Portugal in May, and in 

Copenhagen in October. Two local industry workshops have been held the day prior the 
Task meeting. 

 Task participants presented their work at the SHC2012 conference in San Francisco 
USA. 

RESULTS IN 2012 

Subtask A: Solutions and Generic Systems 
Review of existing and new systems 
Deliverable A1 a report called “A review of market-available Solar Heat pump systems” is 
available since December 2012. More than 70 companies have been contacted and more 
than 120 systems reported. The analysis showed that most systems are designed or both 
heating and DHW and most use flat plate collectors. The great majority of systems on the 
market is a combination in parallel for solar and heat pump. 
 
Reporting field test results 
During 2012 still thirty projects combining solar and heat pumps and being monitored were 
reported on by participants. Some have already been completed and the results presented 
during Task meetings. These projects will also produce interesting material for simulation 
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and models validation for Subtask C. 
 
A template for reporting field results was used by most of the projects that are being 
monitoring installations in the field. 
Some projects have been terminated and results are available. For instance a solar and heat 
pump system worming with a central ice storage project has 2 years of monitoring and show 
good seasonal performances. 
 
Dissemination and information 
Several projects were presented at the SHC Programme’s SHC 2012 conference, the papers 
are available for all in the Task work area on the SHC website. 
 
Using the square view representations derived in this Task, most of the solar and heat pump 
combinations have been sketched up (Figure 1). 
 

 

 
 
 

Figure 1.  The "square view" representation of a so-called "regenerative system" and its usual hydraulic 
schematic. 
 
 
Work on the final hanbdook of Task 44 was started in 2012 and Subtask A contributions for 
the theoretical chapters are available. 
 
Subtask B: Performance Assessment  
Definition of performance indicators 
This deliverable is under internal review. SPF (seasonal performance factors have been 
defined for all necessary boundaries) and environmental indicators have been agreed upon.  
As far as environmental factors are considered, Task 44 participants decided to use the 
Primary Energy Ratio and the Global Warming Potential as indicators (see Figure 2). 
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Figure 2.  Definition of SPFs in Task 44 according to boundaries. Example of the solar SPF. 
 
 
Testing on stands - procedure and results 
Five institutes are testing solar and heat pump systems on bench stands. A common 
procedure of testing is not yet available. Institutes report on their test methods using a 
common template provided by the Task.  
 
Standard test definition - prenormative 
A template to report testing procedure has been issued. 
 
Dissemination and information 
Papers were presented at the SHC Programme’s SHC 2012 conference. 
 
Subtask C: Modelling and Simulation 

Reference framework 
The report defining the common framework for simulations has already been approved by 
the SHC Executive Committee, however, technical amendments are always necessary in this 
matter and are added as needed. 
 
Models of sub component and validation 
The four working groups—solar collector, ground heat exchanger, heat pump, and heat 
storage—finished their contributions to “Models of sub components and validation”. It was a 
great shared effort to describe the available models in the world and their features.   The 
report is currently in draft form.  Some new components need special models, such as ice 
storage, heat pump with desuperheater, uncovered collectors that can freeze both sides, 
PVT collectors, etc.  Development of such models are done by the teams that need them. 
 
System simulations and validation 
“System simulation and validation” is not yet completed. Two templates to describe systems 
simulation methods and results have been set up and distributed. 
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Five simulation platforms are being used in the Task (Trnsys, Polysun, Rdmes, Mathlab, and 
IDA), which makes comparison difficult. 
 

 
Figure 3.  A one storage tank parallel solar and air heat pump systems in simulation 
 
System intercomparison data 
This activity has not begun as not many simulation results are available. Some teams are 
conducting simulations without using the common boundary conditions since their national 
project requires other conditions. 
 
Subtask D: Dissemination and market support 
Webpage and educational material 
The Task webpage is continuously updated with publications. A Wikipedia page was created: 
http://en.wikipedia.org/wiki/Solar_and_heat_pump_systems 
 
Newsletter and guideline for planners 
The second electronic newsletter was issued in June 2012.  It is available as PDF file at:  
http://www.iea-shc.org/publications/task.aspx?Task=44 with all the other Task publications. 
 
Workshops and Conferences 
A workshop was organized in Tastrup, Denmark before the 6th Experts meeting with 20 
Danish attendees. The Danish market is more oriented towards large-scale systems, but 
there are some industries delivering S+HP systems and their system configurations were 
shared with the Task 44 experts. These presentations are posted on the Task work area. 
 
System intercomparison report 
It was decided that this report will be the C4 report as the content will be identical. Subtask D 
will promote the C4 report when available probably with a special Newsletter. 
 
Postion Paper: Solar and heat pump systems: This paper will be published at the end of 
the Task. 
 
Handbook 
This book will be completed in 2013.   
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WORK PLANNED FOR 2013  
Key activities planned for 2013 include:  
 Activities as planned in each subtask. 
 Meetings in Belgium and Switzerland (final Task meeting). 
 Articles for conferences and publications. 
 Newsletter for the industry. 

LINKS WITH INDUSTRY 
Several solar or heat pump manufacturers or system installers collaborate with university 
labs in our Task. 

REPORTS PUBLISHED IN 2012 

Subtask A 
 A Review of Market-Available Solar Heat Pump Systems, October 2012 
 
Subtask B 
 Definition of Main System Boundaries and Performance Figures for Reporting on SHP 

Systems, October 2012 
 
Subtask C 
 The Reference Framework for System Simulations of the IEA SHC Task 44 / HPP Annex 

38 
o Part A: General Simulation Boundary Conditions – April 2012 
o Part B: Buildings and Space Heat Load – April 2012 

 
Subtask D 
 Teaching material 1: Collection of S+HP examples in slides – revision 2012 
 Task newsletter 2, June 2012 

REPORTS PLANNED FOR 2013 

Subtask A 
 Reporting field test results  
 
Subtask B 
 Definition of performance indicators 
 Testing on stands – procedures and results 
 Standard test definition 
 
Subtask C 
 T44A38 reference framework for simulation 
 Models of Sub components and validation 
 System simulations and validation 
 System intercomparison 
 
Subtask D 
 Teaching material on monitored systems  
 Task newsletter 3 
 Position paper  
 Task Handbook 

88



MEETINGS IN 2012 

5th Experts Meeting 
May 3-4 
Povoa do Varzim, Portugal 
 
6th Experts Meeting 
October 9-10 
Lyngby,Denmark

MEETINGS PLANNED FOR 2012 
7th Experts Meeting 
April 8-9-10 
Mechelen, Belgium 
 
8th Experts Meeting 
October 23-24-25 
Switzerland
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TASK 44 NATIONAL CONTACTS 
 
Operating Agent 
Jean-Christophe Hadorn 
BASE Consultants SA 
8 rue du Nant 
CH-1207 Geneva, Switzerland 
Tel: + 41 22 840 20 80 
jchadorn@baseconsultants.com 
 
Subtask A Leader 
Sebastian Herkel 
Dept. Thermal Systems and Buildings 
Fraunhofer Institute for Solar Energy  
Systems 
Heidenhofstrasse 2,  
79110 Freiburg, Germany 
Tel: +49 761 4588 5117 
sebastian.herkel@ise.fraunhofer.de 
www.ise.fraunhofer.de  
 
Subtask B Leader 
Ivan Malenkovic, Michael Hartl 
Energy Department 
Sustainable Thermal Energy Systems 
AIT Austrian Institute of Technology 
Österreichisches Forschungs und  
Prüfzentrum Arsenal Ges.m.b.H. 
Giefinggasse 2 
1210 Vienna, Austria  
Tel: +43(0) 50550-6350  
ivan.malenkovic@ait.ac.at 
www.ait.ac.at  
 
Subtask C Leader 
Michel Haller 
Institut für Solartechnik SPF 
Hochschule für Technik Rapperswil HSR 
Oberseestr. 10 
CH-8640 Rapperswil, Switzerland 
Tel: +41 55 222 48 36 
michel.haller@solarenergy.ch 
www.solarenergy.ch  
 
Subtask D Leader 
Wolfram Sparber 
Institute for Renewable Energy 
EURAC research 
Viale Druso 1 
I-39100 Bolzano, Italy 
Tel: +39 0471 055 601 
wolfram.sparber@eurac.edu 
www.eurac.edu  
 

Austria 
Alexander Thür 
AEE - Institut für Nachhaltige 
Technologien 
a.thuer@aee.at  
 
Martin Vukits 
AEE intec 
m.vukits@aee.at  
 
Ivan Malenkovic 
AIT Vienna 
ivan.malenkovic@ait.ac.at  
 
Hilbert Focke 
ASIC - Austria Solar Innovation Center  
focke.hilbert@asic.at  
 
Martin Hallegger 
General Solar Systems GmbH 
martin.halleger@generalsolar.com  
 
Christian Struger 
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christian.struger@generalsolar.com  
 
Andreas Heinz 
Institut für Wärmetechnik TU Graz 
andreas.heinz@tugraz.at  
 
Werner Lerch 
Institut für Wärmetechnik TU Graz 
werner.lerch@tugraz.at  
 
Fabian Ochs 
UNI Innsbruck 
fabian.ochs@uibk.ac.at  
 
Belgium 
Jan Verheyen 
Campus De Nayer 
Filip.VandenSchoor@mech.kuleuven.be  
 
Canada 
Jeremy Sager 
Natural Resources Canada 
jsager@nrcan.gc.ca  
 
Roberto Sunyé 
Natural Resources Canada 
rsunye@nrcan.gc.ca  
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Denmark 
Ole Balslev-Olesen 
Cenergia Energy Consultants 
obo@cenergia.dk  
 
Ivan Katic 
Danish Technological Institute 
ik@teknologisk.dk  
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Thomas Nowak 
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France 
Cedric Paulus 
CEA INES 
cedric.paulus@cea.fr  
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Christoph Trinkl 
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Angewandte Forschung 
christoph.trinkl@fh-ingolstadt.de  
 
Peter Pärisch 
Institut für Solarenergieforschung GmbH 
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Erik Bertram 
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TASK DESCRIPTION 

The main objective of this Task is to assist in a strong and sustainable market development 
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 configuration to the 
actual needs and local conditions 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 installed and controlled/operated properly in order to 
perform well. To secure that, guidelines and standards have to be updated and developed 
and recognised performance guarantee procedures established. 

To push the market development, a strong effort will be done in promoting the benefits 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 Service Companies (ESCo’s) will be proposed and sought tried out. 

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 collector field 

 
Subtask B: Storage  
(Lead Country: Germany) 

The general objectives of Subtask B are to: 
 Improve the economy of (seasonal) storage technologies  
 Increase knowledge on durability, reliability and performance of (seasonal) storage 

technologies  
 Demonstrate cost effective, reliable 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 planners with a good basis for choosing the right 

system configuration and size  
 Give decision makers and planners confidence in system performance 
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Main Deliverables 

The main result of the Task will be a “Handbook for large solar systems” with the following 
content:  

 Guidelines for design, installation and operation of large collector fields 
 Guidelines for design, installation and operation of large scale thermal storages  
 Guidelines for design, installation and operation of large scale solar heating and 

cooling thermal systems with seasonal storage and/or heat pumps  
 
Duration 
The Task started on January 1, 2011 and will remain in force until December 31, 2013.   

RESULTS IN 2012 
Subtask A: Collectors and Collector Fields 
Subtask A is more or less advancing according to work plan. 

 First draft of the report on models for correction of collector efficiency parameters 
depending on collector type, flow rate, tilt and fluid type is expected in June 2013. 

 Deliverable of a proposal for an informal annex to be included in EN 12975/ISO 
9806-1 regarding the corrections determined in the Task will be carried out in the 
second half of 2013. 

 Proposal for requirements and test methods for collector loop pipes (safety, 
durability, heat loss, thermal expansion) - pre-normative work - to be proposed to the 
relevant ISO/CEN TC’s is a little delayed. The report is expected in June 2013. 

 Report on Guidelines for requirements for collector loop installation, hydraulic 
scheme including precautions for safety and expansion including checklist for 
checking installation accordingly is expected in June 2013.   

 Detailed simulation models for solar collector fields (thermal performance) has been 
put on stand-by as nobody yet committed themselves to work with this due to the 
lack of funding. 

 Control and operation strategies for solar collector fields might be merged with A-D4 
(Guidelines for requirements for collector loop installation, hydraulic scheme 
including precautions for safety and expansion including check list for checking 
installation accordingly) 

 Procedure for guaranteeing performance of collector field installation - including how 
to check the guarantee - and including validation on existing fields is ahead of 
schedule - first initial draft for the procedure is already made. 

 Procedure for guaranteeing performance of solar loop heat exchanger - including 
how to check the guarantee - and including validation on existing fields is ahead of 
schedule - first initial draft for the procedure is already made. 

 Input to Design Handbook is ahead of schedule - first initial draft for the handbook is 
finished. 
 

Subtask  B: Storages 
Subtask B is in general behind original schedule due to late start of the subtask leader. Start 
of Subtask B was June 2011. The first meeting with a Subtask presentation was at the 2rd 
Experts Meeting in Canada in October 2011. The Subtask B leader attended for the first time 
at the 3rd Experts Meeting in Braedstrup in May 2012. 
 
Subtask C: Systems 

 Final overview of system categories. 
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 Extensive database for large solar system established – including systems outside 
Europe. 

 ESCo compendium with models and guidelines.  
 First draft of “Guidelines for planning, installation, commissioning, operation”.  
 Significant input to design handbook made . 

 
Dissemination/Presentations 

 Erneuerbare Energie, AEE-INTEC, Austria, June 2012.  Article by Jan Erik Nielsen 
 MIICS2012, Mikkeli, Finland, March 2012.  Presentation by Jan Erik Nielsen/Jan-Olof 

Dalenbäck. 
 SHC2012, San Francisco, USA, Keynote by Jan Erik Nielsen, presentation by Jan 

Erik Nielsen. 
 Gleisdorf Solar 2012, Gleisdorf, Austria, presentations by Jan Erik Nielsen, Doug 

McClenahan, Leo Holm, Rolf Meissner, Johann Breidler, and Philip Ohnewein. 
 ASTTP (Austrian solar thermal technology platform), presentation by Sabine Putz, 

April 2012. 
 KlimaEnergy Congress, presentation by Sabine Putz, September 2012. 

 
Workshops 

 IEA DHC/IEA SHC T45 workshop, Braedstrup, Denmark, May 2012 
 IEA SHC Task 45/Task 48/Task 49 workshop, Graz, Austria, September 2012 

WORK PLANNED FOR 2013 
Subtask A: Collectors and Collector Fields 

 Draft and final report on “Models for correction of collector efficiency parameters 
depending on collector type, flow rate, tilt and fluid type”.  

 Proposal for inputs to ISO 9806 based on the above work. 
 Report on work on requirements and test methods for collector loop pipes: list of 

standards, collect experience on operating conditions. 
 Make final report on “Guidelines for requirements for collector loop installation”. 
 Final report on collector field performance guarantee procedure. 
 Final report on heat exchanger performance guarantee procedure. 
 Inputs to Handbook. 
 Subtask A summary report. 

 
Subtask B: Storages 

 Final “state of the art report with best practise examples”. 
 Final report on “identification of necessary R&D”. 
 Inputs to Handbook. 
 Subtask B summary report 

 
Subtask C: Systems 

 Update of data base for large systems (C-D1) 
 Final report on “Guidelines for planning, installation, commissioning, operation” made 

(C-6)   
 Inputs to Handbook 
 Subtask B summary report 

REPORTS PUBLISHED IN 2012 
No publically available reports were published in 2012.  
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REPORTS PLANNED FOR 2013 
The following reports/documents will be available on the SHC website. 
 

 Report on models for correction of collector efficiency parameters depending on 
collector type, flow rate, tilt and fluid type, 

 Report on work on requirements and test methods for collector loop pipes: list of 
standards, collect experience on operating conditions, 

 Report on guidelines for requirements for collector loop installation,   
 Report on collector field performance guarantee procedure, 
 Report on heat exchanger performance guarantee procedure, 
 State of the art report with best practise examples for large storages, 
 Report on identification of necessary R&D” for large storages, 
 Compendium for ESCO services, 
 Report on guidelines for planning, installation, commissioning, operation, and 
 A design handbook.

MEETINGS IN 2012 
3rd Task Meeting 
May  
Braedstrup, Denmark 

 
4th Task Meeting  
September  
Graz, Austria  

MEETINGS PLANNED FOR 2013 
5th Experts Meeting 
May 21-22 
Stuttgart, Germany 
 
6th Experts Meeting 
3rd FY quarter 
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Austria 
Christian Fink 
AEE – INTEC 
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Canada 
Alfred Brunger 
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Alfred.Brunger@Exova.com 
 
Doug McClenahan and Bruce Sibbitt 
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TASK DESCRIPTION 
Task 46 “Solar Resource Assessment and Forecasting” continues with the work 
accomplished under Task 36 “Solar Resource Knowledge Management”.  Task 36, 
which was completed on 30 June 2011, achieved three major objectives:  1) 1st order 
and 2nd order methods for benchmarking of solar resource products with quality data 
sets; 2) a prototype design of a web portal for accessing both public and private data 
sets following basic protocols of the Global Earth Observational System of Systems 
(GEOSS), and 3) improved methods for developing data sets, including short-term and 
long term solar resource forecasting techniques.  During 2010 and 2011 a concept paper 
and work plan for a new Task was submitted to the SHC Executive Committee and 
approved as Task 46, commencing on 1 July 2011.   
 
Goal and Objectives 
This Task will provide the solar energy industry, the electricity sector, governments, and 
renewable energy organizations and institutions with the means to understand the 
“bankability” of data sets provided by public and private sectors.  A major component of 
the task is to provide this sector with information on how accurately solar resources can 
be forecast in the near future (sub-hourly, 1-6 hours, and 1-3 days) so that utilities can 
plan for the operation of large-scale solar systems operating within their systems.  
Another major component of the task is understanding short-term (1-minute or less) 
resource variability associated with cloud passages that cause power “ramps”, an 
important concern of utility operators with large penetrations of solar technologies in their 
system.  Although solar heating and cooling technologies are not, in themselves, “grid-
tied” systems, the use of these technologies also impacts grid operations since they 
offset the use of conventional fuels or electricity.  
 
Scope 
At the conclusion Task 36, the participants recognized that all sectors of the solar 
industry are growing at a significant rate, therefore creating new, stringent data 
requirements that were not adequately addressed under Task 36.  These requirements 
include ways to characterize the variability of the resource under very short time scales 
(1-minute or less), the ability to assess the “bankability” of data sets so that financial 
institutions understand the risks involved in using the data to predict project cash flows, 
a continuation of the benchmarking of solar resource forecasting methods so that 
system operators have the appropriate tools for operating utility systems with large 
penetrations of solar technologies, and advanced methods to estimate solar resources 
from modern weather satellite imagery, taking into consideration 3-dimensional cloud 
characteristics and other physical phenomenon.  Therefore, Task 46 addresses four 
basic objectives in improving our understanding of solar resources:  1) evaluation of 
solar resource variability that impacts large penetrations of solar technologies; 2) 
standardization and integrating procedures for data bankability; 3) improving procedures 
for short-term solar resource forecasting, and 4) advanced solar resource modeling 
procedures based on physical principles.  
 
The audience for the results of the Task includes data users, such as utility operators, 
energy planners, solar project developers, architects, engineers, energy consultants, 
product manufacturers, and building and system owners and managers.  In addition, 
technical laboratories, research institutions and universities involved in developing solar 
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resource data products will benefit from the outcomes of Task 46, and will be informed 
through targeted reports, conference presentations, workshops, and journal articles. 
Means 

Task 46 participants are addressing these objectives through sharing a co-coordinated 
work plan encompassing four subtasks:  

 
Subtask A:  Solar Resource Applications for High Penetrations of Solar 
Technologies (Lead:  SUNY/Albany, USA) 

This Subtask develops data sets that allow system planners and utility operators to 
understand short-term resource variability characteristics, in particular up and down 
ramp rates, to better manage large penetrations of solar technologies in the grid system.  
Key Subtask activities to meet this objective are: 

• Short Term Variability (lead:  Uni-Agder, Norway):  This activity is concerned with 
the spatial and temporal characterization of high frequency intermittency (15 
minutes or less) and ramp rates, and how this variability may impact he operation 
of solar technologies and their deployment on local power grids. 

• Integration of solar with other RE technologies  (lead:  CENER, Spain): This 
activity is concerned with hybrid power generation involving solar and other 
renewable technologies (e.g., wind, biomass). There are various scales of hybrid 
generation that are pertinent, ranging from remotely operated hybrid installations, 
to autonomous and/or interconnected microgrids and larger-scale systems. The 
focus of this activity will be placed on weather data and irradiance data 
requirements to address hybrid system operations, with initial focus on smaller 
scale issues – autonomous hybrid systems. 

• Spatial and temporal balancing studies of the solar and wind energy resource 
(lead:  U-Jaén, Spain):  This activity is concerned with the analysis and modeling 
of solar and renewable resource data to address: (1) the spatial balancing of the 
solar resource (both GHI and DNI driven resources) across various distance 
scales; (2) the spatial and temporal balancing of both the solar and wind 
resources across various distance scales, and  (3) the determination of the 
requirements for, and the eventual improvement of solar radiation forecasting 
associated with this balancing. 

 
Subtask B:  Standardization and Integration Procedures for Data Bankability  
(Lead:  DLR, Germany) 

The objective of this Subtask is to provide best practices documentation on solar 
resource measurement and data management procedures to improve the bankability of 
data sets.  Key subtask activities to meet this objective are: 

• Measurement best practices (lead:  DLR-Almería, Germany):  Manuals on best 
practices for obtaining measured irradiance data sets that provide bankable data 
for financial institutions will be prepared. The standardization and 
characterization of commonly used instruments such as Rotating Shadowband 
Irradiometers (RSIs) is directly connected to this objective. 

• Gap-filling, QC, flagging, and data formatting (lead:  DLR, Germany):  This 
activity documents best practices in filling missing data gaps, conducting data 
quality control, and flagging potentially erroneous data values when creating a 
database archive. 

• Integration of data sources (lead:  CIEMAT, Spain):  This activity focuses on 
merging short-term ground measurements with long term satellite derived data in 

102



 
SHC Task 46: Solar Resource Assesmment and Forecasting 

www.iea-shc.org 

order to extrapolate quality ground data to longer term climatic data sets, 
allowing for long-term cash flow analyses of projects. 

• Evaluation of meteorological products (lead:  GeoModel s.r.o., Slovakia):  In this 
activity the historical use of TMY data will be evaluated in the context of current 
best practices for simulating solar system design and output. Recommendations 
for alternative approaches to TMY data will be made, given that TMY data sets 
do not allow for evaluation of extreme high- and low-resource events. Also higher 
time resolutions should be considered. 

• Data uncertainties over various temporal and spatial resolutions (lead:  SunTrace 
GmbH, Germany):  This activity documents the importance of data uncertainty for 
data sets representing various time frames in ways that the risk in financing a 
project can be quantified. 
 

Subtask C: Solar Irradiance Forecasting  
(Lead:  U-Oldenburg, Germany) 

Solar irradiance forecasting provides the basis for energy management and operational 
strategies for many solar energy applications. Depending on the application and its 
corresponding time scales different forecasting approaches are appropriate. In this 
subtask forecasting methods covering timescales from several minutes up to seven days 
ahead will be developed, tested and compared in benchmarking studies. The use of 
solar irradiance forecasting approaches in different fields will be investigated, including 
PV and CSP power forecasting for plant operators and utility companies, and irradiance 
forecasting for heating and cooling of buildings or districts.  Key activities to meet this 
objective are: 

• Short-term forecasting (up to 7-days ahead) (lead:  U-Oldenburg, Germany):  
The development and improvement of methods to forecast GHI and DNI is a 
major subject of this subtask. Different forecast horizons, ranging from minutes 
up to several days ahead are addressed using specific methodologies and data.  
Different forecasting approaches, characterized by the used data sources, 
corresponding methods and time scales, are covered. The comparison of these 
approaches in benchmarking studies focusing on different models, time scales or 
forecast parameters is also addressed. 

• Integration of solar forecasts into operations (lead:  IrSOLaV, Spain):  This 
activity examines the important issue of how solar forecasts are used for different 
applications, including utility operations, management of PV or CSP power 
plants, and thermal management of buildings.  A critical aspect of this task is to 
seek input from users, e.g. utility operators on the specific types of irradiance or 
power output forecasts they need in order to improve system operations and 
reduce the overall cost of energy and maximize the use of renewable energy 
within the system. 

 
Subtask D:  Advanced Resource Modeling  
(Lead:  MINES ParisTech, France) 

Although most of the work in Task 36 involved the testing and evaluation of existing 
solar resource methodologies, some specific new methodologies have been identified 
that will be addressed in Task 46.  These methodologies are driven by specific 
information requests from energy developers and planners, such as improved satellite 
retrieval methods over certain types of ground features and the interannual variability of 
the solar resource. Key activities in this Subtask are: 
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• Improvements to existing solar radiation retrieval methods (lead:  GeoModel 
s.r.o., Slovakia):  The objective of this activity is to consider state-of-the-art and 
new solar radiation modeling approaches or other sources for input parameters 
to improve the accuracy and/or to increase the spatial, spectral and angular 
resolutions of solar resource data sets derived from satellite. 

• Long-term analysis and forecasting of solar resource trends and variability (lead:  
Meteotest, Switzerland):  In this activity, studies of long-term solar data sets, both 
observed as well as satellite derived, will continue to asses episodes of “global 
dimming” and “global brightening”, important for evaluating potential long-term 
cash flow implications from solar systems.  

 
Task Duration 
The Task was initiated July 1, 2011 and will be completed June 30, 2016. 
 
This is a collaborative Task with the SolarPACES Implementing Agreement, and is 
referred to as Task 5 and the Photovoltaic Power Systems (PVPS) Implementing 
Agreement’s Task 14 High Penetration of PV Systems in Electricity Grids 

ACTIVITIES DURING 2012 
Overall Task Activities 
Although progress on Task 46 was initially slowed by the need to develop a revised work 
plan and line up funding resources and Task participants, activities in 2012 were quite 
extensive, including publication of research results, participation in conferences and 
symposia, and field activities.  Three Task Expert Meetings have now been held.  The 
first meeting was a 1-day event held immediately following the Solar World Congress 
2011 in Kassel, Germany on 2 September 2011, with a focus on making refinements to 
the draft work plan and discussing key technical issues.  This Task meeting was 
followed by a small meeting of several participants engaged in both Task 46 and PVPS 
Task 14, which was held in conjunction with the 26th PVSec in Hamburg on 5 September 
2011.  The second meeting was a 1-day review of progress conducted immediately after 
the World Renewable Energy Forum in Denver on 19 May 2012.  The meeting was 
hosted by the U.S. National Renewable Energy Laboratory, and included about 25 
participants, including some connecting in via telephone conference call.  At this meeting 
two new researchers from Reúnion Island joined the task.  The meeting included a 
facilitated discussion on measurement best practices, especially for DNI, and a 
discussion on the definition of DNI.  Results of forecasting and solar variability studies 
that had also been presented at the WREF were presented at the Expert Meeting as 
well. 
 
The third meeting was recently held in Sophia Antipolis, France, hosted by MINES 
ParisTech, on 21-23 January 2013.  This meeting included extensive discussion and 
refinement of the scope and deliverables of the work plan, a review of progress in all 
tasks, and a special 1-day workshop on best practices in solar measurement activities, 
with an emphasis on DNI.  
 
In addition to these Task Expert meetings, the Task liaison to SolarPACES, Dr. Richard 
Meyer of SunTrace GmbH (Germany) participated in the SolarPACES Conference in 
Marrakesh, Morocco in September 2012.  Summaries of Task 46 activities are also 
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provided to the semi-annual PVPS ExCo meetings, and our Task Liaison to PVPS, Jan 
Remund of Meteotest (Switzerland) is participating in PVPS Task 14 activities. 
 
Several participants are involved in the International Renewable Energy Agency’s 
(IRENA’s) Global Solar and Wind Energy Atlas development.  Work that had been 
achieved as a result of Task 36’s “Common Structure for Archiving and Accessing Data 
Products” has been directly incorporated into the Global Atlas web site.  Work will 
continue with IRENA by several Task 46 participants in the area of solar resource data 
provision to the Atlas.  
 
Specific Technical Achievements in the Subtasks 
Subtask A:  Solar Resource Applications for High Penetration of Solar 
Technologies 
Activity A1: Short Term Variability.  
 
In the context of the DiGASP project, supported by the European PV ERANET/PV+Grid 
program, Oldenburg University is developing a method to generate synthetic irradiance 
data with a 1-min resolution. The generator is based on the method proposed in 
Skartveit et Olseth (1992)1, which was adapted to use hourly satellite data as input to 
generate 1-min data, rather than the original 5-min data, as output. The irradiance 
generator is applied in a Monte-Carlo simulation of low-voltage grids to investigate which 
PV-penetration levels are acceptable to the grid. First project results have been 
presented at the EU-PVSEC 2012 [Bucher et al, 2012].  
 
Ciemat has proposed a simple method for generating 10-min synthetic data of global 
and direct irradiance from hourly means. The method has two boundary conditions 
imposed: the energy is conserved at a daily level and the dynamics of the observed 
pattern are well reproduced in the synthetic data. Figure 1 shows examples of the 
synthetic irradiance compared to the original measured for four different daily patterns. 
Future works on the assessment of this method in the context of a solar thermal system 
simulation are expected. 
 
 

 

                                                             
1 Skartveit, A. and J.A. Olseth,1992. The probability density of autocorrelation of short-term global and beam 
irradiance. Solar Energy 46 (9), 477–488. 

Figure 1. Examples of GHI and 
DNI 10-minute data generated 
synthetically compared with the 
original measurements for four 
different days. 
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Activity A2: Integration of Solar with Other RE Technologies.   
Work on this activity has not yet commenced. 
 
Activity A3: Spatial and Temporal Balancing Studies of the Solar and Wind Energy 
Resource.   
The University of Jaén has been working on the analysis of the balancing between solar 
and wind energy resources in southern Spain. Notably, the balancing between the wind 
energy and the solar energy (associate with the GHI) has been explored using canonical 
correlation analysis (CCA) based on solar and wind energy estimates derived with a 
numerical weather prediction model. The CCA method allows optimal locations for wind 
farms and PV solar plants in terms of reducing the aggregated power fluctuations to be 
obtained. Results of this research, recently published in an international journal (Santos-
Alamillos et al., 2012), show the existence of valuable balancing between the solar and 
wind energy resources in the region, but with a marked seasonality. In particular, during 
winter (Figure 2), a noteworthy balancing was observed between the solar energy 
resources over almost the entire study region and the wind energy resources near the 
Strait of Gibraltar. During spring, weak balancing was observed between solar energy 
near the eastern Strait of Gibraltar and wind energy in the central strait area and 
mountainous interior of the region, and between solar energy in the southwestern Iberian 
Peninsula and wind energy in the central and eastern peninsula. Important balancing 
was evident in summer between the solar energy over almost the entire region and wind 
energy in the south and east. Atmospheric circulations associated with these coupled 
patterns showed a marked seasonal dependence. Synoptic scale variability greatly 
influenced the balancing, but so did topography, especially near the Strait of Gibraltar.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Second mode of the CCA resulting from the winter analysis. a) Homogeneous correlation 
(canonical loadings) map for the solar energy and b) for the wind energy. c) Canonical time series, 
filtered with a 3-day moving average filter. Solid black and dotted grey lines are canonical series for 
solar and wind energy, respectively. d) Composite of daily-mean horizontal wind components at 30 
m AGL, and solar radiation anomaly values at the surface corresponding to the 15 highest positive 
anomalies of the wind energy canonical time series. e) As in d), but for the lowest 15 negative 
values. Solar radiation data units are W/m2 and the scale represents the range of the anomalies. 
Wind speeds are scaled according to the reference at top of Figs. d) and e), which indicates 
maximum wind speed in m/s.  
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Based on the CCA analysis, Uni-Jaén further analyzed time series of the wind and solar 
energy resources at locations of the greatest balancing (Figure 3). The most important 
results were found for the second mode during autumn. Wind and solar energy time 
series representative of this mode showed a correlation of -0.56, and 71% of the time, 
the sign of the anomalies was opposite. Finally, when locating reference wind farms and 
PV plants according to the balancing patterns, their combined power production showed 
to have a substantially lower variability than the production of the wind farms and PV 
plants separately and that the combined production obtained by any other locations. 
 
 

 
Figure 3. Capacity factor time series for a PV plant (dashed line), wind turbine (continuous line) and 
the combination of both (shaded areas) for selected period in the year 2007. Values were computed 
for a reference wind turbine and PV plant. Figures correspond to 10 days selected in each season. 
Particularly, February 22 through March 2 (a) was used as representative of the winter season, May 
26 through June 6 for spring (b), July 16 through July 26 for summer (c) and December 1 through 
December 11 for autumn (d). 
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Subtask B: Standardization and Integration Procedures for Data Bankability 
Activity B1: Measurement Best Practices.  
 
In Activity B1 manuals on best practices for obtaining measured irradiance data sets that 
provide bankable data for financial institutions are being prepared. The standardization 
and characterization of commonly used instruments such as the Rotating Shadowband 
Irradiometers (RSIs) is directly connected to this objective. 
 
In 2012 the first draft of the best practices for measurements with RSI instruments was 
distributed among all B1 participants for review.  This manual was presented and 
discussed at the Task 46 meeting in Sophia Antipolis on 23 January 2013 with the 
objective to identify missing topics and information, text sections that must be removed, 
shortened, and re-worded, and assignment of responsibilities for the required changes.  
The manual will be a major deliverable of Task 46 in the next year. 
 
Activity B2: Gap Filling, QC, Flagging and Data Formatting.  
Within the framework of the FP-7 EU project ENDORSE (Energy Downstream Service 
for GMES, Grant Agreement no 262892), MINES ParisTech and DLR have set up a 
series of tools and procedures for an accurate and easy use of meteorological data.  
Figure 4 is a poster describing the tools and procedures. 
 
Various surface meteorological parameters are handled: air temperature and relative 
humidity, wind speed and direction, and solar exposure. For a given parameter, 
measurements can be made over different integration periods, ranging from one minute 
to one day with different time references (e.g. legal time, including daylight saving time, 
universal time (UT), mean solar time (MST), true solar time (TST)). 
 
A series of procedures and advanced mathematical tools have been developed to 
harmonize these data sets to support validation activities as well as the integration of 
data into product generation and services. Three generic types of problems have been 
addressed: 
 the over-sampling of time series of meteorological data (e.g. from a 1-h time series of 

irradiance to a 1-min time series of irradiance); 
 the sub-sampling time shift of time series of meteorological data (e.g. application of 

the sub-hourly time translation to a 1-h TST time series of irradiance to get a 1-h UT 
time series); 

 the averaging, inducing a down sampling, of time series of meteorological data with 
missing data (e.g. from a sub-daily time series of irradiance with data gaps to daily, 
monthly or yearly time series of irradiance). 

 
State-of-the-art techniques have been analyzed, benchmarked and discussed. In case of 
over-sampling none of them respect the consistency property. A correction is proposed 
of two standard techniques (linear and cubic spline interpolations) with respect to this 
consistency property and demonstrates that it improves the resulting quality.  
 
As far as averaging time series with data gaps different approaches has been tested. It 
is shown that missing sub-daily data can have significant impact on the resulting daily 
average time series; this impact is quantified as a function of the percentage in missing 
data. A limit of acceptable percentage as a function of the foreseen exploitation of the 
sub-daily and daily data has been proposed. 
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Meteorological data measured by ground stations are often a key element in the 
development and validation of products and methods. Their quality is seldom known and 
the ground-based data should be qualified before entering a method or serving as 
reference for validation. A review of the state-of-the-art in quality checks of 
meteorological data has been performed. The published procedures were tested and 
their results were analyzed. Finally, a series of automatic procedures has been proposed 
for assessing the plausibility of the measurements of the meteorological variables under 
concern. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. Poster on Quality Check of meteorological data (Espinar et al., 2012). 
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NASA developed a new updated set of quality control procedures that were applied to 
Baseline Surface Radiation Network (BSRN) measurements of solar global, direct and 
diffuse irradiances.  These procedures were able to identify measurements (up to 10% 
at some sites) that were outside physical limits.  It was also found that the removal of 
these measurements from the time series records led to improved comparisons between 
satellite-estimated fluxes from the NASA/GEWEX (Global Energy and Water Cycle 
Exchange Program) SRB project (and thus the Surface meteorology and Solar Energy 
web portal). 
 
Activity B3: Integration of Data Sources. 
Work has not yet commenced on this activity. 
 
Activity B4: Evaluation of Meteorological Products. 
Work has not yet commenced on this activity. 
 
Activity B5: Data Variations over Various Temporal and Spatial Resolutions 
Work has not yet commenced on this activity. 
 
Subtask C:  Solar Irradiance Forecasting 

Activity C1: Short-term Forecasting (up to 7-days ahead) 
Research on different algorithms to forecast solar radiation is a major subject of Activity 
C1.  Task members involved in irradiance forecasting have been continuously working 
on further development of forecasting algorithms for both global horizontal and direct 
normal irradiance. 
 
 C.1.1. Time series models based on ground-measured irradiance data 
The University of South Australia is working on short term forecasting of solar radiation, 
short term being hourly and intra hourly by using a combination of Fourier Series to 
estimate all cyclical components in the data, and then modeling the residuals formed 
from subtracting the Fourier series representation from the original data sets.  This 
modeling is done with a coupled autoregressive and dynamical system (CARDS) 
approach.  This work incorporates the construction of prediction intervals from a 
probabilistic approach. The work has resulted in two publications ([Huang et al, 2003] 
and  [Boland et al, 2012]) and will be incorporated into an Australian Solar Institute 
project to design the Australian Solar Energy Forecasting System (ASEFS).  The goal is 
to couple this short term forecasting model with longer term forecasting systems.   
 
C.1.2. Total sky imagers 
MINES ParisTech is working in collaboration with EDF R&D on a prototype of a low- cost 
fish-eye camera developed and set up by EDF R&D, meant to be an alternative to 
standard total sky imagers for local and very short term solar forecasting (Figure 5). This 
preliminary study has demonstrated a very important pre-requisite for using fish-eye 
cameras for solar forecasting purpose: the relationship between hemispheric sky images 
and the different components (global, diffuse and direct) of the surface solar irradiance 
(SSI). This study has been carried out with high quality "BSRN quality level" radiometric 
data and hemispheric sky images from a EDF R&D's test site on Reunion Island, in the 
Indian Ocean. This experimental study leads to very conclusive and promising results on 
sub-hourly estimation of diffuse, direct and global SSI from sky images provided by the 
fish-eye camera. 
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The University of California San Diego (UCSD) is continuously working on improving 
cloud detection from ground based sky imagers as a basis for very short term 
forecasting with high resolution (Figure 6). In [Ghonima et Kleissl, 2012] digital images of 
the sky obtained using a total sky imager (TSI) were classified pixel by pixel into clear 
sky, optically thin and optically thick clouds (Figure 6). A new classification algorithm was 
developed that compares the pixel red blue ratio (RBR) to the RBR of a clear sky library 
generated from images captured on clear days. The difference rather than the ratio 
between pixel RBR and CSL RBR resulted in more accurate cloud detection. High 
correlation between TSI image RBR and aerosol optical depth (AOD) measured by an 
AERONET photometer was observed and motivated the addition of a haze correction 
factor (HCF) to the classification model to account for variations in AOD. 
Misclassifications of clear and thick clouds into the opposite category were less than 1%. 
Thin clouds were classified with an accuracy of 60%. Accurate cloud detection and 
opacity classification techniques will improve the accuracy of short-term solar power 
forecasting. 
 
The spatial and temporal variability of solar radiation is the main cause of fluctuating 
photovoltaic power fed into the grid. Clouds are the dominant source of such variability 
and their velocity is a principal input to most short-term forecast and variability models. 
In [Bosch et al., 2012] two methods are presented to estimate cloud speed using 
radiometric measurements from eight global horizontal irradiance sensors at the UCSD 
Solar Energy test bed. The first method assigns the wind direction to the direction of the 
pair of sensors that exhibits the largest cross-correlation in the irradiance time series.   
The second method requires only a sensor triplet; cloud speed and the angle of the 
cloud front are determined from the time delays in two cloud front arrivals at the sensors. 
Both methods require high variability in the input radiation as provided only in partly 
cloudy skies. 
 
 

Figure 5.  
Examples of clouds/clear 
sky segmentation result 
(right) for two hemi-spheric 
sky images (left) (Gauchet 
et al., 2012; see Reports and 
Papers Published in 2012). 
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Figure 6. Total sky image (a, 
c, e, g, i) and CDOC (b, d, f, h, 
j) for: 1) overcast skies (a, b) 
taken on April 20, 2011; 2) 
clear skies (c, d) taken on Feb 
12, 2011; 3) few thin clouds (e, 
f) taken on April 19 2011; 4) 
partly cloudy skies (g, h),  (i, j) 
taken on Feb 13, 2011, and 
Feb 14, 2011. For the 
classification images, a value 
of 3 on the color scale 
represents thick clouds, 2 
represents thin clouds, and 1 
represents clear skies 
(Ghonima and Kleissl, 2012). 
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C.1.3. Motion vectors from satellite data  
 
U of Oldenburg (Germany) is working on evaluation and further development of their 
cloud motion vector (CMV) forecasting algorithm based on Meteosat satellite images. 
Results of a one-year evaluation (July 2011- June 2012) for 270 stations in Germany 
presented in [Kühnert et al. 2012], reveal a superior performance of the CMV forecasts 
for up to 4 hours ahead compared to NWP based forecasts. A special focus has been on 
the evaluation of regional forecasts, which are of particular interest for grid operators. It 
was shown that for forecasts of the average irradiance for the area of Germany, root 
mean square error (RMSE) values are reduced to around one third of the corresponding 
values for single sites (see Figure 7). 

 
 
 
 
 

 
 

 
Meteotest (Switzerland) developed a short term forecasting method combining cloud and 
radiation fields from Meteosat satellite images with wind fields from the numerical 
weather prediction (NWP) model known as the weather research and forecasting (WRF) 
model. An evaluation for lowland, alpine and high-alpine stations in Switzerland for July 
and August 2012 revealed a superior performance of the developed short term 
forecasting scheme to WRF forecasts up to 6 hours ahead.  Figure 8 illustrates that 
short-term fluctuations are captured much better with the satellite based short-term 
prediction scheme than with the WRF. RMSE values of the short term forecasting 
scheme range between 20% (100 W/m2) and 55% (250 W/m2). Uncertainties are larger 
in alpine and high-alpine areas.  

 
 
 
 
 

 
 
 
 

 
 
 

Figure 7. Evaluation of 
forecast accuracy in terms of 
RMSE compared to ground 
measurements for averaged 
forecasts in dependency on 
the regions size. NWP based 
forecasts as well as CMV 
forecast of different horizons 
are displayed. 

Figure 8:  Comparison of forecasted and 
measured irradiances for 14.8.2012 for 
Muehleberg Stockeren. (yellow; measured; 
light blue: satellite-derived, Red: new short 
term forecast, green: WRF, pink; clear sky).  
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C.1.4 NWP forecast models 
At the Danish Meteorological Institute (DMI) the HIRLAM 7.3 S05 ensemble model has 
been tested for the period from 2011-Aug-05 to 2011-Nov-12. The ensemble has 25 
members (Figure 9).  The GHI output data are tested against measurements from the 28 
Danish pyranometer stations. The results based on forecast lead times of 2-54 hours 
show that RMSE is reduced by 15%-20% in the ensemble mean forecast as compared 
to the control forecast. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
DMI also contributes also with irradiance forecasts of their satellite & RADAR RUC 
model, which has a spatial resolution of 3 km and a temporal resolution of 10 min. The 
forecasts are updated hourly. Figure 10 illustrates increasing agreement between RUC 

Figure 10.  Comparison of forecasted (several RUC model runs) and measured irradiances for a Danish 
meteorological station. 
 

Figure 9.  RMSE of Ensemble mean 
and median of the HIRLAM 7.3 S05 
ensemble model in comparison to 
a control forecast. 
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model forecasts and measurements for decreasing forecast horizon. 
 
C.1.5. Statistical models integrating different data sources 
University of Oldenburg is investigating an approach based on linear regression to 
combine forecasts based on cloud motion vectors from satellite images and forecast 
data of two NWP models (Lorenz et al 2012). The NWP model data used in the study 
are operational forecasts of the integrated forecast system (IFS) run by the European 
Centre for Medium-Range Weather Forecasts (ECMWF) and the COSMO-EU model, 
operated by the German Weather Service. There is a strong potential for improving the 
forecast performance by combining different models (Figure 11). The combined 
forecasts outperform the single model forecasts for all forecast horizons investigated. 
For regional day-ahead predictions an improvement of 10% compared to the ECWMF 
based forecasts is found, when combining the two NWP model forecasts. For intra-day 
predictions with additional integration of satellite based CMV forecasts, the benefit is 
even much larger. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 11.  RMSE of ECMWF based, CMV and combined forecasts in comparison to persistence in 
dependence on the forecast horizon. For the ECMWF based forecast, the 12:00 UTC run of the 
previous day is evaluated independent of the forecast horizon and variations of the RMSE with the 
forecast horizon are due to the horizon dependent data sets Left: single sites, right: German mean. 

 

DMI has provided NWP data as input to statistical models in the project: "Solar/electric 
heating systems in the future energy system". This project is lead by the Civil 
Engineering Department of the Danish Technical University (DTU).  A statistical analysis 
has been published (Bacher 2012). Data from 2009 using the HIRLAM 6.2 S05 model is 
included in the study. 
 
Activity C2: Integration of Solar Forecasts into Operations. 
Work on this activity has not yet commenced. 
 
Subtask D:  Advanced Resource Modeling 
Activity D1:  Improvements to Existing Solar Resource Retrieval Methods 
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D.1.1. Direct/diffuse transposition model, radiative transfer code for direct/diffuse and 
angular distribution of irradiance, circumsolar (sunshape) analysis 
 
 Determination of Circumsolar Radiation from Meteosat Second Generation 
Progress has been made in determination of circumsolar radiation caused by cirrus 
clouds from the geostationary Meteosat Second Generation (MSG) satellites. This was 
achieved within the FP7 funded SFERA project (see project report). The circumsolar 
radiation is parameterized in terms of input parameters, optical depth and effective 
particle size which are retrievable from MSG. The retrieval of these input parameters 
was improved with special focus on translucent clouds. 
 
 Development of new transposition method to derive direct irradiance from global 

irradiance 
MINES ParisTech, in collaboration with TOTAL Gaz & Power R&D, has developed a 
general shape (sigmoid function) of the relationship between the clear sky index (Kc) 
and the ratio of the diffuse to global irradiance (fD), as shown in Figure 12, based on a 
literature review and analysis of several data sets of ground measurements. This 
analytical function needs two parameters. One is defined by the case of the overcast 
skies. The other parameter changes depending on the clear-sky conditions for the 
location and the instant. A clear-sky model provides the Kc and fD for the clear-sky 
conditions that can be used to estimate this second parameter. The proposed method is 
interesting because it is flexible, adaptive and does not rely on empirical parameters 
fitted from a set of ground-based measurements. 
 

 
 
 
 MACC McClear: a model of clear-sky irradiance 
Within the framework of the FP7 funded MACC-II project (subproject radiation, MACC-
RAD), MINES ParisTech has set up the clear-sky irradiance model McClear (spatial 
coverage: worldwide, time period: 2004 to 2011).  Results of McClear are disseminated 
for free through a GEOSS-compliant web service (Web Processing Service, WPS). A 
web-based client using this WPS is available at http://www.soda-
pro.com/web/guest/gmes-products and from the MACC portal (http://www.gmes-
atmosphere.eu) (Figure 13). 

Figure 12. Example of the 
sigmoid function used to 
describe the relationship 
between the clear-sky 
index and the diffuse 
fraction. 
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Figure 13. Snapshot of the web-based client (http://www.soda-pro.com/web/guest/gmes-products) 
delivering clear-sky irradiances from the McClear model developed in the framework of the FP7 
funded MACC-II project. 
 
 
 Fast and accurate computation of the position of the Sun. 
The solar position algorithm (SPA) from NREL is a very accurate but slow algorithm for 
the computation of the Sun position with respect to an observer at ground surface.  
Within the FP-7 EU project ENDORSE, MINES ParisTech has proposed a new algorithm 
named SG2. Compared to existing fast algorithms, SG2 is faster and offers the same 
level of accuracy than the most accurate, i.e., maximum error in solar vector of order of 
1000, for a multi-decadal time period, with an example of a 50-year period: 1980–2030. 
This performance is achieved by devising approximations of the original equations of the 
SPA to decrease the number of operations. This yields a decrease in accuracy that is 
controlled and bounded (Figure 14). 
 
 Heliosat-4: new satellite-based Surface Solar Irradiance estimation method with 

radiative transfer code 
Downwelling surface shortwave irradiance (SSI) is more and more often assessed by 
means of satellite-derived estimates of optical properties of the atmosphere. 
Performances are judged satisfactory for the time being but there is an increasing need 
for the assessment of the direct and diffuse components of the SSI. MINES ParisTech 
and the German Aerospace Center (DLR) are currently developing the Heliosat-4 
method to assess the SSI and its components in a more accurate way than current 
practices. This method is composed of two parts: a clear sky module based on the  
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radiative transfer model libRadtran, and a cloud-to-ground module using two-stream and 
delta-Eddington approximations for clouds and a database of ground albedo. Advanced 
products derived from geostationary satellites and recent Earth Observation missions 
are the inputs of the Heliosat-4 method. Such products are: cloud optical depth, cloud 
phase, cloud type and cloud coverage from APOLLO of DLR, aerosol optical depth, 
aerosol type, water vapor in clear-sky, ozone from MACC products (FP7), and ground 
albedo from MODIS of NASA.  Figure 15 provides the general schema of the Heliosat-4 
methodology. 
 
 Production of a new high-resolution global Surface Solar Energy Dataset 
The team at NASA, SUNY and NREL are collaborating with the US National Oceanic 
and Atmospheric Administration’s National Climate Data Center (NCDC) to produce a 
new long-term solar irradiance data set.  The project has progressed in the past year.  
The first version will be using the newly reprocessed ISCCP B1U/GridSat and using the 
SUNY model.  This year SUNY tested the model on ISCCP B1U data and found 

 
 
 
Figure 14. Errors on the 
solar vector predictions 
for the three fast 
algorithms (SG, MICH, 
and ENEA), compared to 
SG2, during the 
reference time period 
1980–2030 (cf. Blanc and 
Wald, 2012). 

 
 
Figure 15. General schema for 
the Heliosat-4 method. 
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estimates comparable to its retrieval using the US GOES observations.  SUNY has now 
delivered its model to NASA for incorporation into a production system that uses a 
variety of satellite-based and model inputs.  New long-term aerosol data sets are also 
being incorporated into the production system.  First samples of data products are 
expected to become available in the next 6 months.  Subsequent versions of the data 
sets will be adapted from a newly reprocessed ISCCP version with both the SUNY 
model and a model containing full radiation physics. 
 
 "Modeling the distribution of radiances in the sky vault under clear-sky conditions for 

an accurate assessment of the beam and circumsolar radiation" (PhD Thesis, 2012 - 
2014) 

Radiance is the density of power received on a plane from a given direction. Irradiance 
is the angular integral of radiances on the sky vault. Distribution of radiances is not 
uniform (see Figure 16). The radiance is the greatest in the direction of the sun and 
decreases towards the horizon; it varies very rapidly in the vicinity of the sun direction. 
Several systems exhibit limited angular aperture, such as pyrheliometers that measure 
the beam irradiance, or concentration-based systems for producing energy, e.g., CSP or 
CPV. The irradiance received by such systems is presently not well modeled. A more 
accurate description and modeling of the radiances should yield a better assessment of 
the solar radiation available for energy conversion. 
 
The objectives of the thesis are first to define a method for the fast simulation of the 
distribution of radiances on the sky vault as a function of the optical state of the clear 
atmosphere, and then to develop and validate a model of this distribution. Emphasis is 
put on the beam radiation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16. Example of diffuse sky radiance from the model proposed by Igawa et al. (2004).   
 
 
D.1.2. Spectrally resolved irradiance 
 "Assessing the spectral distribution of the solar radiation by numerical models and 

satellite images. Application cases: photovoltaic, UV, photosynthesis, daylight" (PhD 
Thesis, 2012-2014). 
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The radiation emitted by the Sun has wavelengths comprised between 200 nm and 4 
mm. Half of the energy lies in the visible band. The spectral distribution is modified by 
interactions with atmospheric constituents as the radiation travels downward. We are 
presently capable of producing fairly accurate assessments of the total radiation, i.e. 
integrated over the whole spectrum at any location and any instant, but not for spectral 
distribution. Such estimates would bring a better knowledge in the effective energy that 
can be used by a given photovoltaic (PV) system or in photo-catalysis, or in UV and its 
impact on human health, or material weathering, including organic cells for PV, or in 
photosynthesis (PAR) for plant growing, or in daylight, i.e. the light to which the eye is 
sensitive. 
 
The objective of the research is the development of a numerical model for the 
assessment of the spectral distribution of the solar radiation for any place any time. 
Model inputs will be provided by existing models for atmospheric physics and results 
from processing of satellite images. 
 
D.1.3. Enhanced atmospheric parameters for radiative transfer code based modeling:  
aerosol optical depth, enhanced cloud parameters, including 3-D cloud characterization 
 
 Validation of Aerosol Optical Depth (AOD) from MACC-ECMWF re-analysis in United 

Arab Emirates 
TOTAL Gaz & Power R&D and Masdar Institute of Science and Technology, in 
collaboration with MINES ParisTech, has carried out a validation of the aerosol optical 
depth dataset from MACC-ECMWF re-analysis in the United Arab Emirates. This 
validation has been done by comparing MACC-ECMWF AOD estimation with 
corresponding AERONET ground-based dataset in term of libRadTran-based estimation 
error of global horizontal and direct normal irradiances under clear-sky condition (Figure 
17). 
 
  

 
 
Figure 17. Comparison between measured (AERONET) and estimated (MACC) hourly AOD at 550 nm, 
for all AERONET stations in UAE.  
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Ciemat has reviewed the ground albedo estimation in satellite retrievals and has 
proposed a method for considering the dependence with the scattering angle that has to 
be applied dynamically on every pixel. The robustness of the methodology has been 
analyzed with different geostationary satellites (MSG, MFG IODC and GOES) showing 
good results for different reflective grounds as well.  Figure 18 shows the ground albedo 
computed for Thesalonica with MSG and MFG IOCD images and the daily GHI retrieved 
compared to ground measurements.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18. Ground albedo computed for Thesalonica using MSg and MFG IODC images for 2010 and 
GHI daily estimations. 
  
Activity D2:  Long-term Analysis and Forecasting of Solar Resource Trends and 
Variability 
The GEWEX radiative flux assessment report is now in last stages of preparation for 
publication. The report will be published on the Internet at the World Climate Research 
Programme (WCRP) web site. The major conclusion is that the current versions of the 
long-term solar fluxes from satellite-based estimates are not accurate enough to 
differentiate between physical changes and satellite calibration and data input 
uncertainties.  Short-term and/or large regional changes due to clouds are more likely to 
be confirmed in long-term satellite estimates.  Subtle changes in the current multi-
decadal data sets due to aerosol effects are not yet detectible owing to the large 

121



 
SHC Task 46: Solar Resource Assesmment and Forecasting 

www.iea-shc.org 

uncertainties in the physical properties and variability of those aerosols.  Work is 
underway to completely reprocess the older measurements starting around 1980 with 
new and improved satellite calibration and atmospheric inputs that should improve the 
ability to detect long-term variability.    

WORK PLANNED FOR 2013 
Subtask A:  Solar Resource Applications for High Penetration of Solar 
Technologies 
Work planned for 2013 is to: 

1) Include the solar resources associated with the DNI in the balancing analysis.  
2) Analyze the spatial balancing of the solar energy resources over wide regions.  

 
Subtask B: Standardization and Integration Procedures for Data Bankability 
Activity B1: Measurement Best Practices.  
Although the work in B1 is on time the activity will be extended to five years instead of 3 
years as previously planned. 
 
In 2013 the best practices for RSI based resource assessment will be revised based on 
the discussions and reviews collected at the 23 January 2013 Task 46 workshop. The 
manual for ground based resource assessment with further instruments will be planned 
in detail. The option to update NREL’s best practices handbook (Stoffel et al., 2010)2 has 
been discussed and was identified as the best possible way to proceed.  Thus, the work 
on this general manual can be started immediately after the publication of the RSI 
specific manual (beginning of 2014. 
 
Activity B2: Gap Filling, QC, Flagging and Data Formatting.  
MINES ParisTech: 
 Publication of a peer-reviewed article on Quality Check procedure for meteorological 

data, and notably for ground-based irradiance data. 
 
NASA: 
 Evaluating gap filling procedures for new satellite based data products 
 Applying new surface measurement procedures to surface measurements for 

validation of satellite estimate solar flux data products. 
 
Activity B3: Integration of Data Sources. 
MINES ParisTech: 
 Publication of a peer-reviewed article3 on the short-term calibration of monthly Global 

Horizontal Irradiance estimation from Helioclim-3 in collaboration with SOLAIS (a 
French consultant company on the field of PV engineering).   

 

                                                             
2 Stoffel, Tom, Dave Renné, Daryl Myers, Steve Wilcox, Manajit Sengupta, Ray George, Craig Turchi, 2010:  
Concentrating Solar Power:  Best Practices Handbook for the Collection and Use of Solar Resource Data.  
NREL/TP-550-46475, National Renewable Energy Laboratory, Golden, Colorado USA 80401.  September 
2010.  http://www.nrel.gov/docs/fy10osti/47465.pdf 
3 Vernay, C., P. Blanc, S. Pitaval, 2013. Characterizing measurement campaigns for an innovative 
calibration approach of the global horizontal irradiation estimated by HelioClim-3, Renewable Energy 
(accepted, to be published). 
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 Continuation of scientific activities on the short-term calibration with ground-based 
measurements of sub-daily irradiance long-term datasets (global, diffuse and direct) 
from HelioClim-3 (collaboration with Transvalor Innovation and Bertin Technologies, 
financial support of ADEME, the French agency for environment and energy 
management). 

 
Activity B4: Evaluation of Meteorological Products. 
NASA: 
 Evaluation of new atmospheric water vapor and ozone data products for long-term 

production of satellite based solar fluxes 
 Validation of NASA reanalysis and other near surface meteorological products 

including temperature, dew point, pressure and wind against global surface 
measurements networks. 

 
Subtask C:  Solar Irradiance Forecasting 
MINES ParisTech: 
 Continuation of scientific activities on low-cost fish-eye webcams (notably in 

collaboration with EDF R&D). Planned study on stereoscopic analysis of pair of fish-
eye cameras for cloud height estimation. 

 
Subtask D:  Advanced Resource Modeling 
Activity D1:  Improvements to Existing Solar Resource Retrieval Methods 
MINES ParisTech: 
 Continuation and finalization of the PhD thesis on Heliosat-4 (Radiative transfer 

model for satellite-based surface solar irradiance estimation). 
 Continuation (1st year) of the PhD thesis on the sky radiance (collaboration with the 

MIST and TOTAL) 
 Continuation (1st year) of the PhD thesis on the spectral surface solar irradiance 
 Continuation of activities related to AOD and surface solar irradiance retrievals in the 

United Arab Emirates (collaboration with the MIST and TOTAL). 
 
Planned Joint Activities for Participants Involved in D1 
 Publication of a collective peer-reviewed journal article on definitions and best 

practices for solar processing related to direct and circumsolar normal irradiance. 
 Inventory of ground-based measurement available from the Task 46 participants 

(and observers) of interest for validation activities required for D1 (e.g. ground-based 
measurements of global, diffuse and direct normal irradiance, sunshape, circumsolar 
ratio, aerosol optical depth, cloud properties, etc.). 

 
 Compilation of existing comparisons dedicated to surface solar irradiance retrieval 

of different sources of aerosol optical depth and other related relevant properties 
(satellite-based or meteorological re-analysis based) with ground based 
measurements (e.g. AERONET). Organization of a workshop with different 
providers of aerosol datasets (ECMWF, NASA, etc.).  

 
NASA: 
 Production and assessment of extended versions of new solar irradiance data 

products using NASA inputs and the SUNY algorithm. 
 Evaluation of long-term AEROCOM based aerosols, with parameterizations aimed at 

accounting for variability for production of long-term solar flux data products.  
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Activity D2:  Long-term Analysis and Forecasting of Solar Resource Trends and 
Variability  
 
Planned joint activities for participants involved in D2 
 Comparison of long-term inter-annual variability estimated from different sources of 

long-term surface solar irradiance datasets. 
 
NASA: 
 Assessment of variability of most recent decade of solar measurements from surface 

and satellite based estimates with long-term climate prediction data products. 

LINKS WITH INDUSTRY 
Several small companies involved in solar resource data production and services are 
directly participating in the Task:  Green Power Labs (Canada), Suntrace GmbH 
(Germany), Black Photon Instruments GmbH (Germany), CSP Services (Germany), 
Meteotest (Switzerland), Blue Sky Wetteranalyzen (Austria), GeoModel. s.r.o. (Slovakia), 
IrSOLaV (Spain), Irradiance Corp. (USA), Augustyn and Co. (USA), and Clean Power 
Research (USA).  Additional participation is anticipated from Sun2Market Solutions 
(Spain), Peak Design (UK), and Solar Consulting Services (USA).  
 
The audience for the results of Task 46 includes the technical laboratories, research 
institutions, and universities involved in developing solar resource data products.  More 
importantly, data users, such as energy planners, solar project developers, architects, 
engineers, energy consultants, product manufacturers, and building and system owners 
and managers, and utility organizations, are the ultimate beneficiaries of the research, 
and will be informed through targeted reports, presentations, web sites, handbooks and 
journal articles.  

REPORTS/PAPERS PUBLISHED IN 2012 
Journal Articles and Book Chapters 
Blanc, P. and L. Wald, 2012. The SG2 algorithm for a fast and accurate computation of 
the position of the Sun for multi-decadal time period, Solar Energy. 86, 10, pp. 3072–
3083 (related to activity D1). 
 
Bosch JL, Y Zheng, J Kleissl, Deriving cloud velocity from an array of solar radiation 
measurements, Solar Energy, in press. 
 
Espinar, B. and P. Blanc, 2012. Satellite images applied to surface solar radiation 
estimation, Chapter 4 of Solar Energy at Urban Scale, B. Beckers (Ed.), iSTE, Wiley, pp. 
57–100 (related to activity D1). 
 
Ghonima, M, J Kleissl, A Method for Cloud Classification Based on Ground Based Sky 
Imagery, Atmospheric Measurement Technology 
 
Huang, Jing, Malgorzata Korolkiewicz, Manju Agrawal and John Boland, 2013. 
Forecasting solar radiation on an hourly time scale using a coupled autoregressive and 
dynamical system (CARDS) model, Solar Energy, (in press). 
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Luoma, J, J Kleissl, Determination of forecast value considering energy pricing in 
California, submitted to Applied Energy 
 
Mathiesen, P, J Brown, J Kleissl, Regime-Based California NWP Probabilistic Irradiance 
Forecasts, IEEE Transactions on Sustainable Energy, 99, 2012 
10.1109/TSTE.2012.2200704.  
 
Polo, J., L. Martin, M. Cony, 2012. Revision of ground albedo estimation in Heliosat 
scheme for deriving solar radiation from SEVIRI HRV channel of Meteosat satellite 
 Solar Energy 86, 275-282. 
 
Santos-Alamillos F.J., Pozo-Vázquez D, Ruiz-Arias J, Lara-Fanego V and Tovar-
Pescador J. 2012. Analysis of the spatio-temporal balancing between wind and solar 
energy resources in the southern Iberian Peninsula. Journal of applied meteorology and 
climatology. 51:2005-2024 DOI: 10.1175/JAMC-D-11-0189.1 
 
Zhang T, P.W. Stackhouse, Jr., S. K. Gupta, S.J. Cox, J.C. Mikovitz, and L.M. 
Hinkelman, 2012.  The validation of the GEWEX SRB surface shortwave flux data 
products using BSRN measurements: A systematic quality control, production and 
application approach. J Quant. Spectrosc. Radiat. Transfer, 
http://dx.doi.org/10.1016/j.jqsrt.2012.10.004 
 
Conference Proceedings 
Boland, John, Malgorzata Korolkiewicz, Manju Agrawal and Jing Huang (2012) 
Forecasting solar radiation on short time scales using a coupled autoregressive and 
dynamical system (CARDS) model, Proceedings of the Australian Solar Energy 
Conference, Melbourne, Dec 2012. 
 
Bucher, C., Betcke, J., Andersson, G., Bletterie, B., Küng, L., Simulation of distribution 
grids with photovoltaics by means of stochastic load profiles and irradiance data, paper 
presented at the 27th EU-PVSEC, 24-28 Sept. 2012, Frankfurt Germany.  
 
Espinar, B., P. Blanc, L. Wald, B. Gschwind, L. Ménard, E. Wey, C. Thomas, L. Saboret, 
2012. HelioClim-3: a near-real time and long-term surface solar irradiance database, in: 
COST WIRE Workshop on “Remote Sensing Measurements for Renewable Energy” 
(related to activity D1). 
 
Espinar B., P. Blanc, L. Wald, C. Hoyer-Klick, M. Schroedter-Homscheidt, T. Wanderer, 
2012. Controlling the quality of measurements of meteorological variables and solar 
radiation. From sub-hourly to monthly average time periods", in: European Geosciences 
Union 2012, Vienna (Austria) (related to activity B2). 
 
Gauchet, C., P. Blanc, B. Espinar, 2012. Surface solar irradiance estimation with low-
cost fish-eye camera, in: COST WIRE Workshop on “Remote Sensing Measurements 
for Renewable Energy”, DTU Risoe (related to activity C1). 
 
Kühnert J, Lorenz E, Hammer A and Heinemann D: Prediction of solar irradiance using 
METEOSAT images for the application in photovoltaic power prediction systems. 
EUMETSAT Meteorological Satellite Conference, Sopot, Poland, 3 - 7 September 2012. 
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Lorenz E, Kühnert J, and Heinemann, D: Short Term Forecasting of Solar Irradiance by 
Combining Satellite Data and Numerical Weather Predictions. Proc. of 27th EUPVSEC, 
p 4401 – 4405, Frankfurt, Germany, 25 – 27 September 2012. 
 
Oumbe, A., Z. Qu, P. Blanc, H. Bru, L. Wald, 2012. An adaptive method to derive direct 
irradiance from global irradiance. In: SolarPACES 2012 (related to activity D1). 
 
Oumbe, A., H. Bru, Z. Hassar, P. Blanc, L. Wald, A. Fournier, D. Goffe, M. Chiesa, H. 
Ghedira, 2012. Selection and implementation of aerosol data for the prediction of solar 
resource in United Arab Emirates. In: SolarPACES 2012 (related to activity D1). 
  
Perez, Richard, J. Schlemmer, K. Hemker, P.W. Stackhouse, Jr., S.J. Cox, and J.C. 
Mikovitz, 2012: Towards a high resolution long-term solar resource database: applying 
the SUNY model to ISCCP B1U data stream. Proceedings of the Solar 2012 (American 
Solar Energy Society). Denver, Colorado, 13-17 May. 
 
Qu, Z., A. Oumbe, P. Blanc, M. Lefèvre, L. Wald, M. Schroedter-Homscheidt, G. Gesell, 
2012. A new method for assessing surface solar irradiance: Heliosat-4. In: European 
Geosciences Union 2012, Vienna (Austria) (related to activity D1). 
 
Stackhouse, P.W., Jr., E. Raschke, T. Wong, L. Hinkelman, S. Kinne, W. Rossow, Y. 
Zhang, E. Dutton, C. Long, M. Wild, N. Loeb, W. Su, T. Zhang, S. J. Cox, and J. C. 
Mikovitz, 2012: An Overview of Results from the GEWEX Radiative Flux Assessment. 
International Radiation Symposium, Berlin, Germany, August 6-10. 
 
Vernay, C., S. Pitaval and P. Blanc, 2012. Calibration of long-term global horizontal 
irradiation estimated by HelioClim-3 through short-term local measurement campaigns: 
extending of the results to European and African sites, in: WREF, 2012: pp. 1–8 (related 
to activity B3). 
 
Wey, E., C. Thomas, P. Blanc, B. Espinar, M. Mouadine, 2012. A fusion method for 
creating sub-hourly DNI-based TMY from long-term satellite-based and short-term 
ground-based irradiation data, in: Solar Paces 2012 (related to activities A1 and B3). 
 
Other Miscellaneous Reports 
Espinar, B., L. Wald, P. Blanc, C. Hoyer-Klick, M. Schroedter-Homscheidt, T. Wanderer, 
2012. Report on the harmonization and qualification of meteorological data. Technical 
report D3.2, ENDORSE FP-7 project, 81 pages. http://www.endorse-
fp7.eu/public_deliverables (related to activity B2). 
 
Reinhardt, B., Buras, R., Bugliaro, L., Mayer B., 2012, Report on the Determination of 
the Sunshape from Meteosat Second Generation, Technical Report SFERA Project 
Deliverable R13.4, http://sfera.sollab.eu/index.php?page=joint_wp13 
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MEETINGS IN  2012 

Second Task 46 Experts Meeting 
18 May 2012 
Golden, Colorado USA 
 
This meeting focused on a review of Task activities, including a special discussion on 
measurement of circumsolar radiation and definitions of Direct Normal Irradiance. 
 
Third Task 46 Experts Meeting 
21-23 January 2913 
Sophia Antipolis, France  
 
This meeting focused on revisions to the work plan to clarify schedule and deliverables, 
and review progress in all subtasks.  The meeting included a special one-day workshop 
on best practices in solar resource (DNI) measurements. 

MEETINGS PLANNED FOR 2013 
Joint Task 46/PVPS Task 14 Expert Meeting 
30 September 2013 
Paris, France (in conjunction with 28th PVSEC) 
 
Fourth Task 46 Experts Meeting 
7-9 October 
Oldenburg, Germany 
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TASK 46 NATONAL CONTACTS 
 
Operating Agent 
Dave Renné  
National Renewable Energy Laboratory 
(retired) 
Senior Consultant, Clean Power 
Research 
2385 Panorama Ave. 
Boulder, CO  80304 
 
Australia 
Alberto Troccoli, Robert Davy, and Peter 
Coppin 
CSIRO 
Alberto.troccoli@csiro.au 
Robert.davy@csiro.au 
Peter.coppin@csiro.au 
 
Ian Grant 
Bureau of Meteorology 
I.grant@bom.gov.au 
 
John Boland 
University of South Australia 
John.boland@uisa.edu.au 
 
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 
Alexandre Pavlovski and Vlad Kostylev 
Green Power Labs 
ampavlovski@greenpowerlabs.com 
vkostylev@greenpowerlabs.com 
 
 
 

Denmark 
Kristian Paugh Nielsen 
DMI/DTU 
kpn@dmi.dk 
 
European Commission 
Thomas Huld 
European Commission - DG Joint 
Research Centre 
Institute for Environment and 
 Sustainability 
I-21020 Ispra (VA), Italy 
thomas.huld@jrc.it 
 
France 
Philippe Blanc (Subtask D lead), Lucien 
Wald, Lionel Ménard, and Bella Espinar 
MINES ParisTech 
Center Observation, Impacts, Energy 
CS 10207, F-06904 Sophia Antipolis 
philippeblanc@mines-paristech.fr 
Lucien.wald@mines-paristech.fr 
lionel.menard@mines-paristech.fr 
bella.espinar@mines-paristech.fr 
 
Philippe Lauret and David Mathieu 
Laboratoire PIMENT/Université Réunion 
15, Avenue Rene Cassin 97715 Saint 
Denis 
Messag 9 – Réunion 
Philippe.lauret@univ-reunion.fr 
Mathieu.david@univ-reunion.fr 
 
Germany 
Detlev Heinemann, Elke Lorenz 
(Subtask C lead), and Jethro Betcke  
Carl von Ossietzky Universität 
Oldenburg, EHF 
D-26111 Oldenburg 
detlev.heinemann@uni-oldenburg.de 
elke.lorenz@uni-oldenburg.de 
jethro.betcke@uni-oldenburg.de 
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Richard Meyer 
Suntrace GmbH 
Brandstwiete 46 
20457 Hamburg 
R.Meyer@suntrace.de 
 
Gerd Heilscher  
University of Applied Sciences 
Hochschule Ulm 
Eberhard Frinckh Str. 11 
D-89075 Ulm 
heilscher@hs-ulm.de 
 
Carsten Hoyer-Klick, Daniel Stetter, 
Marion Schroedter-Homscheidt, Steffen 
Stoeckler, Stefan Wilbert (Subtask B 
lead), and Bernhard Reinhardt 
DLR Institut für Technische 
Thermodanamik 
carsten.hoyer@dlr.de 
Daniel.stetter@dlr.de 
Marion.schroedter-homscheidt@dlr.de 
Steffen.stoeckler@dlr.de 
Stefan.wilbert@dlr.de 
Bernhard.reinhardt@dlr.de 
 
Joachim Jaus 
Black Photon Instruments GmbH 
Emmy-Noether-Str. 2, 79110 Freiburg 
Joachim.jaus@blackphoton.de 
 
Holger Ruf 
Hochschule Ulm 
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ruf@hs-ulm.de 
 
Norbert Geuder 
CSP Services 
n.geuder@cspservices.de 
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Marcel Suri and Tomas Cebecauer 
GeoModel, s.r.o. 
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SK-841 07 Bratislava 
marcel.suri@geomodel.eu  
tomas.cebecauer@geomodel.eu  
 
 

Spain 
Martín Gastón and Inigo Pagola 
CENER 
C/Ciudad de la Innovación 7, 31.621 
Sarriguren 
mgaston@cener.com 
 
 
Jesús Polo, Lourdes Ramirez, Ana A. 
Navarro, and Luis F. Zarzalejo 
Plataforma Solar de Almeria 
Departmento de Energia 
CIEMAT  
AV. Complutense 
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José Louis Torres, Marian de Blas  
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David Pozo Vazquez and Jose Antonio 
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University of Jaen 
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Marco Cony 
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Luis Martin 
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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 recommendation that 
member states have to set intermediate goals for existing buildings 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 
consumption 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 analyzed 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 conservative. Buildings renovated to 
mediocre performance can be a lost opportunity for decades. It is therefore important that 
building owners be aware of such successes and set ambitious targets.  
 
This Task will start by analyzing highly successful renovations and develop innovative 
concepts for the most important market segments.  
 
Equally important, local authorities, companies and planners also need the knowledge how 
to achieve market penetration of such solutions. Success stories and planning knowledge 
will be communicated 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 standards in a sustainable and cost efficient way. 
 Identify the most important market and policy issues as well as marketing strategies for 

such renovations. 
 
The task deals with several types of non-residential buildings, including protected and 
historic buildings:  
 Office buildings  
 Educational buildings  
 Nursing homes  
 Hotels  
 Super markets 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 included and solar energy will play a significant role in 
bringing the use of primary energy down to NZEB standard. 
 
The Task is organized in the following Subtasks. 
 
Subtask A:  Advanced Exemplary Projects - Information Collection & Brief Analysis  
(Lead Country: Norway, Asplan Viak AS, Fritjof Salvesen) 

Objectives:   
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 Systematically analyze and document renovation projects meeting Task selection criteria 
in order to quantify which measures achieve the greatest energy savings or improvement 
in comfort and at what costs.  

 Identify the driving forces and barriers in the decision-making processes for detailed 
analysis in Subtask B.  

 Identify innovative, promising concepts and technologies for detailed analysis in Subtask 
C.  

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

Objectives: 
 Identify segments in the non- residential building stock with high potential for energy 

efficiency savings and which types 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 ambition renovation in the non-residential sector and how to overcome them.  

 Develop knowledge about which boundary conditions are important to make renovations 
attractive/ affordable/cost effective and more available. 

 Increase the understanding of how improved non-energy benefits (including outcome 
subtask D) as a result of substantial renovation increases the value of the building and 
thereby makes the investments profitable. 

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

Objectives: 
 Describe the HVAC and control systems of the recommended retrofit concept. This 

includes information about the building shell, the HVAC system, the daylighting and 
artificial lighting concepts as well as available measurement or energy 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 evaluating 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 performance on basis of energy monitoring 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: Belgium, University of Louvain La Neuve, Sophie Trachte). 

Objectives: 
 Develop a global (including local and global environment) approach for building 

renovation based on environmental, urban infrastructure, comfort and health impacts. 
 Identify quantifiable and qualitative criteria and requirements for environmental impacts of 

renovation projects based on BREEAM assessment methodology. 
 Identify indoor climate and indoor space issues with particular relevance 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 urban transportation network and of the collective or public spaces. 
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 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 the national level. The 
publications listed below will be available from the SHC website as PDFs. The publications 
may be used as a basis for making national publications.  
 
The following documents and information meetings are planned and some of them 
accomplished: 
 
1. The Task website was publicly available in 2011 including secure sites for the Task 

participants.  
2. First brochures of exemplary renovation projects available on the website by spring 

2012. Target groups are designers, planners and building owners. 
3. Two seminars in conjunction with expert meetings presenting exemplary projects from 

the participating countries. The first one was organized in Brussels September 7, 2012 in 
connection with the Passive House Exhibition. 

4. “Lessons learned summary” from the exemplary projects of Subtask A. 
5. Publication describing decision making processes, non-energy benefits as well as 

barriers and driving forces from the case studies of Subtask B. 
6. Publication summarizing renovation policies and strategies. 
7. Presentations at national and international conferences that have the building industry 

and/or the real estate sector as target group. 
8. Technical report with recommendations and conclusions from Subtask C 
9. “Guideline for designers and planners” with recommendations from Subtask D. 
 
Duration 
The Task started on 1 January 2011 and 
will end on 30 June 2014. 

WORK DURING 2012 

Information 
A public Task 47 seminar was organized in 
Brussels on September 5. The seminar was 
in connection with the Passive House Fair 
in Brussels organized by the Passiefhuis-
Platform vzw. 
 
Subtask A: Exemplary Renovation 
Projects 
For the public presentation of Task 47 
exemplary projects, an eight-page brochure 
template has been developed. The 
brochure describes the key project 
information, including the context and 
background, the decision-making 
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processes, the building envelope, the building services system, the energy and 
environmental performances and finally the costs.  

Four exemplary project brochures were uploaded on the public website during 2012, two 
office buildings from Norway, one Kindergarten from Denmark and one school building from 
Italy. Due to differences in the energy calculation standards among the countries the energy 
numbers are not always comparable. 

The projects show a reduction in heat consumption of 50-75% and 50-70% reduction in the 
overall energy demand.  
 
Subtask B: Market and Policy issues 
To identify barriers and opportunities in the renovation process, a number of interviews of 
key persons involved in renovation projects have been accomplished. Some of lessons 
learned when it comes to the decision process are: 
 There is still skepticism about indoor air quality in Passive-House-standard buildings 
 The BREEAM classification system is a useful tool to put energy saving on the agenda 
 The innovative attitude is considered important for the Passive-House-standard decision 
 
Preliminary conclusions from the building stock analysis show that the main energy saving 
potential are 1) Retail buildings, 2) Offices, and 3) Educational buildings. 
 
Subtask C: Technical Solutions and Operational Management 
Individual technical database for the demonstration projects and their energy concepts has 
been established. The database includes performance numbers for monitored buildings as 
well as technical descriptions.  
 
Subtask D: Environmental and Health  

The work included the topic indoor comfort, which is of special importance for schools. Not 
all designers and planners are aware of the fact that children are not “small adults”; their 
metabolism, nervous system and respiratory system are not mature: 
 Compare to their weight children drink and eat more, they also absorb a larger proportion 

of pollutants in their food. 
 Children inhale twice as much air as adults compared to their weight. They breathe 

mainly through the mouth. 
 Their metabolic elimination of toxic substances is weak 
 They spend more time near the floor and put their fingers in their mouths, increasing their 

exposure to toxic agents in dust and soil. 

WORK PLANNED FOR 2013  
It is planned that more than ten additional renovation project brochures will be available from 
the Task website during 2013. A summary of national renovation guidelines also will be 
presented.   
 
A seminar in connection with the spring meeting in Sydney, Australia will be organized. 
 
The Task will be represented at the SHC 2013 Conference in Freiburg, Germany in 
September.  
 
The building stock analysis in Subtask B will be completed and the work with decision- 
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making processes and market strategies will be continued. 
 
In Subtask C, numbers from the detailed database will be used to evaluate buildings and 
plant performance.  

LINKS WITH INDUSTRY 
Some of the Task participants are representing consulting companies. In some countries, as 
with Norway, a national Task 47 project is organized with several industry partners. 

REPORTS PUBLISHED IN 2012 

Four brochures were published and posted on the Task website. 

REPORTS PLANNED FOR 2013 
Ten more brochures will be available on the website. 

MEETINGS IN 2012 

3rd Experts Meeting 
April 12 - 13 
Rome, Italy 
 
4th Experts Meeting 
September 5 - 6 
Louvain la Neuve, Belgium 
(Task 47 Seminar, September 7 in Brussels). 

MEETINGS PLANNED FOR 2012 
5th Experts Meeting 
April 3 - 4 
Sydney, Australia 
(Task 47 Seminar, September 5 in Sydney).  
 
6th Experts Meeting 
September 30 - October 2 
Graz, Austria 
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TASK 47 NATIONAL CONTACTS 
 
TASK MANAGEMENT 
Operating Agent and 
Subtask A leader 
Fritjof Salvesen 
Asplan Viak AS 
P.O.Box 24 
NO-1300 Sandvika 
Mob: +47-4040 7853 
fritjof.salvesen@asplanviak.no 
 
Subtask B Leader 
Trond Haavik 
Segel AS 
Box 284 
NO-6770 Nordfjordeid 
Mob: +47 908 98 370 
trond.haavik@segel.no  
 
Subtask C Leader 
Doreen Kalz 
Fraunhofer - Inst. Solar Energy Systems 
Heidenhofstrasse 2 
DE-79110 Freiburg 
+49 761 4588 5403 mob: +49 157 7 
2000948 
Doreen.kalz@ise.fraunhofer.de 
 
Subtask D Leader 
Sophie Trachte  
Architecture et Climat - University of 
Louvain La Neuve 
Place Du Levant 1 
BE-1348 LOUVAIN LA NEUVE  
+32 10.47.26.36  mob: +32 477 89 28 80 
sophie.trachte@uclouvain.be 
 
 
 
 
 
 
 
 
 
 

NATIONAL EXPERTS  
Australia 
Richard Hyde 
Fac. Architecture, Design and Planning,  
University of Sydney 
 
Francis Barram 
Fac. Architecture, Design and Planning,  
University of Sydney 
 
Nathan Groenhout 
Fac. Architecture, Design and Planning, 
University of Sydney 
 
Austria 
Thomas Mach 
Graz University of Technology 
Daniel Brandl 
Graz University of Technology 
 
Claudia Dankl 
Østerreichische Gesellschaft fur Umwelt 
und Technik 
 
Tarik Ferhatbegovic  
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 – Institute Bauphysik 
 
Roman Jakobiak 
Daylighting 
 
Italy 
Ezilda Costanzo 
ENEA – Italian Agency for New 
Technology  

137



 
SHC Task 47: Renovation of Non-residential Buildings Towards Sustainable Standards 

www.iea-shc.org 
 
 

Energy and Sustainable Economic 
Development 
 
Giorgio Pansa 
Politecnico di Milano – BEST Department 
 
Norway 
Mads Mysen 
SINTEF Building and Infrastructure 
 
Anna Svensson 
SINTEF Building and Infrastructure 
 
Ann Kristin Kvellheim 
Enova SF 
 
Arne Førland-Larsen 
Asplan Viak AS 
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TASK DESCRIPTION 
A tremendous increase in the market for air-conditioning can be 
observed worldwide, 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 Refrigeration) on the one hand showed the great 
potential of this technology for building air-conditioning, particularly in sunny regions. On the 
other hand, they showed that further work is necessary to achieve economically competitive 
systems and to provide solid long-term energy performance and reliability. 
 
Objectives 
This Task is working 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 focusing 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 procedure, adapted to specific best technical 

configurations.  
3) Development of three quality requirements 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 that 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 system, the building and the 
interaction of both with the technical equipment are not the main topic of the Task, but this 
interaction will be considered where necessary. 
 
Structure 
The Task is divided into 4 subtasks (including the detailed activities corresponding for each 
as noted below). 
 
Subtask A: Quality procedure on component 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 system 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 
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Subtask C: Market support measures 
C1: Review of relevant international  standards rating and incentive schemes  
C2: Methodology for performance assessment, rating and benchmarking 
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 
 
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 collection components for quality, reliability 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 projects. 
 Report and database of existing international standards, rating and incentive systems 

relevant to solar cooling. 
 Report on the rating, measurement and verification of solar cooling performance and 

quality. 
 Report on the selected standard engineering systems , 
 Report on alternative uses of the developed 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 feedback report. 
 Semi-annual e-newsletter for the industry. 
 Industry workshops in national languages in participating countries addressing target 

groups (related to Experts 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 international roadmap 

on solar cooling (optional). 
 

Duration 
The Task started in October 2011 and will be completed in March 2015.   
 
Participating Countries 
Australia, Austria, Belgium*, Canada, China, France, Germany, Italy, Japan, Singapore, 
United States 
*Participation ended in 2012 
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RESULTS IN 2012 

The main organizational progress has been the consolidation of the adaptation of the Work 
Plan with aggregations of activities, due to reduced budgets of some participants, to make 
efficient use of the available resources.  
The combined activities are: 

 A2/B3 : Life Cycle analysis on component/system  
 C1/C6 : Review relevant international standards rating & incentive schemes/ 

Collaboration with T45 for contracting models 
 B7/C2 : Quantitative quality and cost competitiveness criteria for systems/ 

Methodology for performance assessment, rating and benchmarking  
 B1/C7/C4 : System/Subsystem characterization & field performance assessment/ 

Certification process definition for small systems / Measurement and verification 
procedures 

 
Task Training Seminars and Workshops 

The first SHC Task 48 Training Seminar was held at the AHR Fair in Chicago, Illinois in 
January. It was lead by Lucio Mesquita of Thermosol. 
 
Workshop solar heating for air conditioning and industrial process heat at the Klimaenergy 
Fair  in September in Bolzano, Italy. International experts compared their experiences to give 
life to a discussion that develop strategic visions for the solar thermal sector, with particular 
interest to solar heating & cooling - air conditioning of buildings. Task 48 OA Daniel Mugnier 
managed the workshop on solar cooling (both in German and Italian language) to share with 
30 people the topic of solar cooling, especially in the Italian context. 
 
Common internal workshop for SHC Task 45, SHC Task 48 and SHC Task 49 experts on 
Large solar systems (district heating and cooling) in Graz, Austria. 
 
Conference Presentations and Articles 
1st Saudi Arabia Renewable Energy Conference and Exhibition in February in Dahran, 
Saudi Arabia. 
 
InterSolar Europe Conference in June in Munich, Germany. 
 
SHC 2012 Conference in July in San Francisco, California. 
 
EuroSun 2012 Conference in September in Rijeka, Croatia. 
 
Gleisdorf Solar Conference in September in Gleisdorf, Austria. 
 
7th International DERBI Conference on Renewable Energy  
Place in October in Perpignan, France 
 
Article on Solar Cooling & Task 48 in the International Airport Review & International 
Sustainable Energy Review, Issue 1, authors U. Jakob and D. Mugnier. 
 
Press releases:  

 Momentum in solar cooling growing: large industrial corporations entering the field 
 Presentations of solar cooling session at Intersolar Europe now available for 

download 
 
Ten draft reports were completed. These draft reports are only available internally at this 

142



 
SHC Task 48: Quality Assurance and Support Measures for Solar Cooling 

www.iea-shc.org 
 

time: 
 
 Subtask A 

 MA2-1 : creation of assemblies related to plant components & materials 
 MA6-1: Start extensive market overview on Conc. collectors. 

 
 Subtask B 

• MB2-1: 1st status on good practice for DÉC design & installation  
• MB7-1: method to collect criteria to qualify quality & cost competitiveness of SAC 

 
 Subtask C 

 MC1-1: template for review of relevant int. Standards rating & incentive schemes 
 MC4-1: draft of measurement and verification procedure  
 MC6-1: status on existing work in T45 on contraction models 

 
 Subtask D 

• MD1-1: existing websites on SAC 
• MD4-1: existing roadmaps 
• MD5-1: existing training material 

WORK PLANNED FOR 2013  
According to the Work Plan, the following deliverables should be available by the end of 
2013:  

 Subtask C: Report and database of existing inter-national standards, rating and 
incentive systems relevant to solar cooling. 

 Subtask C: Report on the rating, measurement and verification of solar cooling 
performance and quality.  

 Subtask C : Report on contracting models. 
 Subtask D: Updated website. 

LINKS WITH INDUSTRY  

Industry representives participating in Task Experts Meeting as observers include: 
Shuangliang (China), Pink (Austria), Kawasaki (Japan), SOLEM (Australia), Sortech 
(Germany), Invensor (Germany). They represent primarily chiller and solar cooling system 
manufacturers. The results of Task 48 are profitable for their business and their involvement 
consists of supporting and analysing the work of Task 48. 

MEETINGS IN 2012 

2nd Experts Meeting 
March 26-27 
Milano, Italy 
(38 experts from 9 countries (Germany, Austria, Australia, Italy, Japan, Spain, USA, Canada, 
France) attended). 
 
3rd Experts Meeting 
September 10-11 
Graz, Austria  
(In conjunction with Gleisdorf Solar.  33 experts from 8 countries (Germany, Austria, 
Australia, Italy, Japan, Spain, USA, France, China) attended).  
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MEETINGS PLANNED FOR 2013 
4th Experts Meeting 
April 09-10 
Newcastle, Australia  
 
5th Experts Meeting 
September 30 – October 01 
Freiburg, Germany  
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TASK 48 NATIONAL CONTACTS 
 
 
TASK MANAGEMENT 
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 
Marco Calderoni 
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 during 2012.   
 
Please go to the Task page on the SHC 
website for updates: http://task48.iea-
shc.org/participants  
 
Australia 
Stephen White 
CSIRO 
 
Austria 
Bettina Nocke 
AEE Intec  
 
Tim Selke 
AIT Vienna 
 
Reinhard Hofstaetter 
ASIC 
 
Moritz Schubert 
SOLID 
 
Daniel Neyer 
University of Innsbruck 
 
Canada 
Steve Harrisson 
Queen’s University 
 
China 
Prof. Yanjun Dai 
Shanghai Jiao Tong University (SJTU) 
 
Belen Gong 
SHANDONG VICOT AIR CONDITIONING 
CO LTD (VICOT) 
 
France 
Romain Siré 
TECSOL 
 
François Boudehenn 
CEA INES 
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Germany 
Alexander Morgenstern and 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 
 
Marco Calderoni 
Marcello Aprile 
University Politechnico di Milano 
 
Marco Beccali 
Marco Finocchiaro 
University of Palermo, Dept Energia 
 
Prof. Luigi Marletta 
University of Catania (UNICT) 
 
Singapore 
Kim Tiow 
Nanyang Technical University 
 
United States 
Khalid Nagidi 
Energy Management Consulting
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TASK DESCRIPTION 
The scope of the Task is on solar thermal technologies for converting the solar radiation into 
heat and the further integration of the produced heat into industrial processes (i.e., the 
subject which is covered by the Task starts with the solar radiation reaching the collector 
and ends with the hot air, water or steam being integrated into the application).  
The Task 49 deals with all industrial processes that are thermal driven and have a 
temperature range up to 400°C.  
 
The work in the Task is structured into four Subtasks. 
 
Subtask A: Process Heat Collectors 
Lead Country: Switzerland (Dr. Elimar Frank - SPF) 
In this Subtask, the further development, improvement and testing of collectors, collector 
components and collector loop components is being investigated. All types of solar thermal 
collectors with an operating temperature level up to 400°C will be addressed: uncovered 
collectors, flat-plate collectors, improved flat-plate collectors (for example, hermetically 
sealed collectors with inert gas fillings or vacuum) with and without reflectors, evacuated 
tubular collectors with and without reflectors, CPC collectors, parabolic trough collectors, 
Fresnel collectors, air collectors etc.  
 
In addition, an overview of collector output and key figures will be compiled to identify and 
select the most suitable collector technology for specific boundary conditions. It is assumed 
that for all activities of this Subtask the temperature range will need to be separated in 
several segments. For instance up to around 200°C, water and steam can be used as heat 
carriers with acceptable pressure. But higher temperatures combined with another heat 
carrier (e.g., oil) the boundary conditions change substantially. A simple up-scaling of the 
results from the investigations and recommendations for the temperature range up to 200°C 
or 250°C will not be possible. This is true both for the investigations aiming at improvements 
of the solar loop as well as for recommendations with regards to test rigs, testing procedures 
and standardization.  
 
Based on existing approaches, methods and parameters for the assessment of the collector 
and collector loop performance as well as of the impact of the properties of materials and 
components will be developed and identified. Appropriate durability tests will be applied to 
specific materials/components to allow for a deeper understanding of the collector and 
collector loop behavior for a wide range of operation conditions and the prediction of service 
life time.  Based on the investigation of the dynamic behaviour of solar process heat 
collectors and loops (both experimentally and theoretically), recommendations for process 
heat collector testing procedures will be worked out. 
 
Subtask A has three main objectives: 

§ Improving solar process heat collectors and collector loop components. 
§ Providing a basis for the comparison of collectors with respect to technical 

and economical conditions. 
§ Giving comprehensive recommendations for standardized testing procedures. 

 
The participants will achieve the objectives by: 

§ Updating the IEA SHC Task 33 state of the art survey of process heat collectors. 
§ Increasing the knowledge of general requirements and relevant parameters for 

process heat collectors and their improvement. 
§ Determining parameters for modelling collectors in simulation programs to reflect the 

realistic performance of medium temperature collectors in process heat systems and 
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comparable measurement data evaluation also from dynamic data for different 
locations, applications etc. 

§ Developing and/or improving 
collectors, components and solar 
loops for process heat applications in 
co-operation with the involved 
industry. The main aspects are 
performance, reliability and cost 
effectiveness. Both new or improved 
collector or component/solar loop 
concepts and design details will be 
addressed. 

§ Investigating the collector behaviour 
by collector testing at high temperatures 
and by the evaluation of measurement 
data from existing plants. 

§ Investigating material aspects for 
collectors with up to 400°C operating 
temperature and system components. 

§ Investigating the overheating behaviour 
and constructive prevention measures of 
medium temperature collectors in large 
fields. 

§ Measurements on the thermal 
performance of other components and 
solar loops of solar thermal systems 
operating at high temperatures. 

§ Elaboration of recommendations for 
collector testing standards for the 
medium temperature level.  

 
A Special effort will be made to involve the solar 
industry in the analysis of all working fields, 
through industry-dedicated workshops. 
 
Subtask B: Process Integration and Process 
Intensification Combined with Solar Process 
Heat  
Lead country: Austria (DI Bettina Muster –  
AEE INTEC) 
 
The general methodology for the integration of 
solar thermal energy into industrial processes was developed during SHC Task 33. It was 
shown that the pinch analysis for the total production site (with building upon it) and the 
design of an optimized heat exchanger network for the production system is one of the best 
approaches for smart integration. Due to the fact that in the identified industry sectors with 
high potential for solar integration production processes very often run in batches, the 
developed pinch methodology is only be a rough estimation of the real profile of heat 
sources/sinks.  
 
Beside the system optimization by the pinch analysis, a technology optimization of the 
applied process technologies will also reduce the energy demand and increase the potential 
for solar thermal integration. Process intensification (PI) can be seen as a key word for 
emerging technologies that achieve the framework conditions for effective, solar (thermal 

Brewery concept in Kassel , Germany   
Photo: Bastian Schmitt 
 

NEP application in Switzerland. 
Photo: © ewz 
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and/or UV) driven production processes.  
Subtask B has two main objectives: 
§ Improved solar thermal system integration for production processes by advanced heat 

integration and storage management, advanced methodology for decision on integration 
place and integration types 

§ Increase of the solar process heat potential by combining process intensification and 
solar thermal systems and fostering new applications for solar (thermal/UV) technologies 

 
Subtask C: Design Guidelines, Case Studies and Dissemination  
Lead country: Germany (Dr. Werner Platzer - Fraunhofer ISE) 
 
The main objective of this Subtask is to provide information and planning methodologies to 
solar manufacturers, process engineers, installers and potential buyers (industry). This shall 
support the marketing, planning and installation phase of future SHIP plants. Experience and 
results from pilot projects covering a broad variety of technologies in suitable applications 
representing a significant part of industrial process heat consumers (in terms of size, 
temperature levels, heat transfer media, load patterns, etc.) shall be evaluated. The 
operation of projects will be monitored for a representative period to provide feedback on the 
design and operation concept as a basis for future development and improvements. "Best 
practice" reference cases shall encourage other potential users to employ these 
technologies. Tools for a simplified performance assessment and conceptual planning shall 
be developed. Regional market surveys, case studies and financing schemes will be 
investigated which should facilitate the market introduction of solar process heat. 
 
The objectives of Subtask C are to: 
 
• Provide a worldwide overview of results and experiences of solar heat for industrial 

process systems. This includes the evaluation of completed and ongoing demonstration 
system installations using monitoring data, as well as carrying out economic analyses. 

• Develop a performance assessment methodology for a comparison and analysis of 
different applications, collector systems, regional and climatic conditions. 

• Support future project stakeholders by providing design guidelines and simplified, fast 
and easy to handle calculation tools for solar yields and performance assessment. 

• Investigate system solutions for stagnations behavior, control and hydraulics of large 
field installations. 

• Identify, address and lower the barriers for market deployment by providing examples of 
successful implementations, by describing suitable financing and incentive schemes, and 
developing relevant project constellations. 

• Disseminate the knowledge to the main target groups involved—solar manufacturers, 
energy consultants, process engineers, installers and potential buyers (industry), and 
policy makers and platforms. 

 
Duration 
The Task commenced in February 2012 and will end in January 2016. 
 
This is a collaborative Task with the IEA SolarPaces Program on a “maximum level” 
according to the SHC Guidelines for Co-ordination with other Programs.  
 
Participating Countries 
Australia, Austria, China, Denmark, France, Germany, Hungary, India, Japan, Italy, Mexico, 
Netherlands, New Zealand, Poland, Portugal, Slovenia, Spain, South Africa, Sweden, 
Switzerland, Tunis, United Kingdom, USA 
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WORK DURING 2012 
Comparison of Collectors with Respect to Technical and Economical Conditions  
The overall aim is to develop criteria for application-based collector selection (options rather 
than restrictions).  Specific application-based conditions could be: 

§ Required temperature level. 
§ Thermal output of a collector for a chosen operating temperature, location etc. 
§ Restricted installation space. 
§ Wind loads and/or other mechanical stresses by weather impacts (hail, snow, etc.). 
§ Restrictions regarding the heat carrier, the pressure, etc. 

 
So far for the comparison of collectors, the use of standardized weather data has been 
discussed as it is necessary to define reference locations and reference data for comparing 
the thermal output of different collector types. Based on many locations, it was decided to 
start with some specific locations (Würzburg, Germany, Athens, Greece, Abu Dabi, UAE, 
Cairo, Egypt).  
 
With the Solar Keymark Collector Output Tool (also referred to as “Scenocalc”), which was 
(further) developed in the QAiST project, collector data from Standard Testing (either QDT 
or SST) can be put in, a location can be chosen (out of four), and the gross heat gain for four 
different constants Tm,f-Ta calculated. Additional locations (that is, the respective weather 
data) can be added. Within Task 49, the participants (especially the manufacturers) started 
to also check if collectors with special challenges regarding the optical and/or thermal 
characterization could be properly assessed using this tool. So far, only comparisons of 
thermal benchmarks have been discussed.  
 
Develop System Concepts and Integration Guideline  

The integration guideline is being developed as a living document, and the final version will 
be available at the end of the Task.  The integration guideline will provide guidance on how 
to integrate solar process heat in industry. There is a common understanding that there is 
not one general ideal integration point in industry, but that sensible integration points depend 
very much on sector, product variety, processing technology, infrastructure, etc.  
 
Survey and Dedicated Workshop on New Process Technologies 
On September 5th, the first workshop for “solar process heat and process intensification” 
with focus on the food industry took place in Graz, Austria. Approximately 25 participants 
with expertise in solar, process engineering and food technology attended. The workshop’s 
objective was to bring together experts in Process Intensification and Solar Thermal 
Applications to discuss the potential of combining intensified processes with solar heat/direct 
radiation(UV), to identify promising technological solutions for specific unit operations and to 
define important research targets in this area.   
 
Simulation Tools  
Work on simulation tools began with an overview of tools being used by participants. The 
next step is to look into the tools’ details and determine whether they meet all needs or 
whether critical points must be solved before their use in all systems. A round robin test will 
take place to cross-compare the tools and simulation approach. A definition of case studies 
covering the broad range of systems will be prepared for the selection process.  

WORK PLANNED FOR 2013 
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Key activities planned for 2013 include: 
§ Discussion and decision on the design guidelines. 
§ Definition of the integration guidelines. 
§ Definition of general requirements and relevant parameters for process heat 

collectors (and specific collector loop components) and their improvement. 
§ An overview of collector output and key figures for defined conditions. 
§ Integration guideline (methodology for advanced integration, system concepts, 

guidelines on integration types, checklists, etc.). 
§ Start of a worldwide overview of results and experiences from solar heat in industrial 

systems (including completed and ongoing demonstration system installations using 
monitoring data, as well as carrying out economic analyses). 

REPORTS PUBLISHED IN 2012 
General Requirements for Process Heat Collectors and Loop Components 

REPORTS PLANNED FOR 2012 
 
An Overview of Collector Output and Key Figures for Defined Conditions 
 
Integration Guideline (Methodology for Advanced Integration, System Concepts, Guidelines 
on Integration Types, Checklists etc.) 

MEETINGS IN 2012 
1st Experts Meeting 
February 29 – March 1 
Freiburg, Germany  
 
2nd Expert Meeting 
September 6 - 7 
Graz, Austria 

MEETINGS PLANNED FOR 2013 
3rd Expert Meeting 
March 5 - 6 
Rapperswill, Switzerland 
 
4th Expert Meeting 
October 3 - 4  
Tecnalia, Spain 

152



 
SHC Task 49: Solar Heat for Production and Advanced Applications 

www.iea-shc.org 
 

TASK 49 NATIONAL CONTACTS 
 
Task Management 
Operating Agents 
Christoph Brunner 
AEE INTEC 
Austria 
c.brunner@aee.at 
 
Subtask A Leader 
Elimar Frank 
SPF Institut für Solartechnik SPF 
Hochschule für Technik HSR 
Switzerland 
Elimar.Frank@solarenergy.ch 
 
Subtask B Leader 
Bettina Muster-Slawitsch 
AEE INTEC 
Austria 
b.muster@aee.at 
 
Subtask C Leader 
Werner Platzer 
Fraunhofer Institute for Solar Energy 
Systems FhG-ISE, Freiburg 
Germany 
werner.platzer@ise.fraunhofer.de 
 
Working Group C Leader 
Eberhard Lävemann 
ZAE Bayern, Garching 
Germany 
laevemann@muc.zae-bayern.de  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
National Contacts 
 
Austria 
Michael Monsberger 
Austrian Institute of Technology 
 
Hans Schnitzer 
TU Graz IPP 
 
Alexander Eichwaider 
GreenOne Tec 
 
Marcus Hummel 
TU Wien 
 
Mark Draeck 
UNIDO 
 
Sabine Putz 
SOLID 
 
Hartmut Schneider 
Fresnex 
 
Germany 
Andreas Häberle 
PSE AG 
 
Klaus Vajen  
Univeristy of Kassel 
 
Werner Platzer  
Fraunhofer ISE  
 
Manfred Reuss 
ZAE Bayern    
 
Klaus Hennecke  
DLR 
 
Stephan Fischer  
ITW Uni Stuttgart  
 
Christian Zahler  
Industrial Solar GmbH  
 
Peter Donat 
Solar-Institut Jülich (SIJ)  
 
Herbert Menhart  
S-power 
 

153



 
SHC Task 49: Solar Heat for Production and Advanced Applications 

www.iea-shc.org 
 

Bernhard Gatzka  
Valentin 
 
Anette Anthrakidis 
FH Aachen  
 
Holger Mueller 
Hochschule für angewandte Wissenschaf-
ten FH Ingolstad  
 
Dirk Pietruschka 
ZAFH - Hochschule für Technik Stuttgart  
 
Markus Peter 
dp quadrat    
 
Dimitrios Sarikas 
protarget  
 
Thorsten Siems 
Airwasol  
 
Mike Wutzler 
TU Chemnitz  
 
Stauss, Reiner - Smirro 
Smirro GmbH  
 
Federico Giovannetti 
ISFH - Institut für Solarenergieforschng 
Hameln  
 
Michael Zettl 
Zettl  
 
Rolf Meissner 
Ritter solar  
 
Werner Hofacker 
Hochschule Konstanz  
 

Albert Esper 
INNOTECH Ingenieursgesellschaft mbH   
 
Mario Adam 
E² - Erneuerbare Energien und Energieef-
fizienz Fachhochschule Düsseldorf  
 
Italy 
Riccardo Battisti 
Ambiente Italia 
 
Mario Motta  
Politecnico di Milano  
 
Francesco Orioli 
Soltigua 
 
Portugal 
Maria Joao Carvalho 
LNEG 
 
South Africa 
Wikus Van Niekerk 
University of Stellenbosch 
 
Switzerland 
Elimar Frank 
SPF Institut für Solartechnik SPF 
Hochschule für Technik HSR 
 
Matthias Rommel 
HSR Hochschule für Technik Rapperswil 
 
Vittorio Palmieri 
TVP 
 
Stefan Minder 
NEP Solar 
Pierre Krummenacher 
Planair 

 
  

154



 

SHC Programme Members 
www.iea-shc.org 

 

 
 

 

 
 
SHC Programme Members 
As of December 2012 
	
  
____________________________________ 
	
  
	
  
EXECUTIVE	
  COMMITTEE	
  MEMBERS	
  
	
  
AUSTRALIA  
Mr. Ken Guthrie (Vice Chair) 
Sustainable Energy Transformation Pty 
Ltd 
148 Spensley Street  
Clifton Hill, Victoria 3068 
Tel: +61/412 178 955 
ken.guthrie@setransformation.com.au  
 
Alternate 
Ms. Erandi Chandrasekare 
Standards Australia 
Level 10, The Exchange Centre 
20 Bridge Street   
Sydney  NSW 2001 
Tel: +61/292 376 015 
Erandi.Chandraeskare@standards.org.au  
 
AUSTRIA    
Mr. Werner Weiss (Chairman)     
AEE INTEC    
Feldgasse 19    
A-8200 Gleisdorf 
Tel: +43/31 12 58 86 17 
Fax: +43/31 12 58 86 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 (5.05.02) 
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  
Fax: +1/613 996 9416 
dmcclena@nrcan.gc.ca  
 
CHINA 
Prof. He Tao (Vice Chair) 
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  
 
 
 

155



 

SHC Programme Members 
www.iea-shc.org 

 

 
 
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 
SolarKey International 
Aggerupvej 1 
DK-4330 Hvalsö 
Tel: +45/46 46 12 29 
Fax: +45/98 39 24 98 
jen@solarkey.dk  
 
ECOWAS/ECREEE 
Mr. Jansenio Delgado 
Achada Santo Antonio 
2nd Floor, Electra Building 
Praia -  Cape Verde 
C.P. 288 
Tel: +238 260 4630 
jdelgado@ecreee.org  
 
Alternate 
Mr. Martin Lugmayr 
(same address as above) 
mlugmayr@ecreee.org  
 
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  
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   
 
GERMANY    
Dr. Robert Drese 
Projektträger Jülich 
Energietechnologien (ERG1) 
Forschungszentrum Jülich GmbH 
52425 Jülich 
Tel: +49/24 616 19293 
Fax: +49/24 616 13131 
r.drese@fz-juelich.de  
 
Alternate  
Dr. Peter Donat   
Projektträger Jülich  
Geschäftsbereich Erneuerbare Energien  
Forschungszentrum Jülich GmbH  
Zimmerstraße 26-27 
10969 Berlin 
Tel:  +49/30 201 99427 
Fax: +49/30 201 99470 
p.donat@fz-juelich.de  
 
ITALY  
Mr. Michele Zinzi  
ENEA  UTEE-ERT s.p. 104  
Via Anguillarese, 301 
00123 Rome 
Tel:  +39/06 3048 6256 
Fax: +39/06 3048 3930  
michele.zinzi@enea.it  
  
MEXICO  
Dr. Wilfrido Rivera Gomez-Franco 
National University of Mexico  
Apdo. Postal #34   
62580 Temixco, Morelos  
Tel: +52/555 622 9740 
Fax: +52/777 325 0018 
wrgf@cie.unam.mx   
 
 
 
 
 

156



 

SHC Programme Members 
www.iea-shc.org 

 

Alternate 
Dr. Camilo Arancibia Bulnes  
same address as above  
Tel: +52/555 622 9831 
Fax: +52/777 325 0018 
caab@cie.unam.mx             
 
NETHERLANDS 
Mr. Lex Bosselaar 
NL Agency  
Postbus 8242 
3503 RE UTRECHT    
Tel: +31/88 602 2495 
Fax: + 31/88 602 9025 
lex.bosselaar@agentschapnl.nl  
      
NORWAY    
Dr. Tore Wigenstad 
ENOVA 
Prof. Brochs gt. 2 
7030 Trondheim 
Mob: +47/906 44054  
Tore.Wigenstad@ENOVA.NO 
 
Alternate 
Dr. Anne Gunnarshaug Lien      
SINTEF Building and Infrastructure 
NO-7465 Trondheim  
Visit address: Alfred Getz v 3 
Tel: +47/97 75 7930 
Fax: +47/73 59 8285 
anne.g.lien@sintef.no  
 
PORTUGAL    
Mr. João A. Farinha Mendes (Vice Chair)   
LNEG – Edificio H 
Estrada do Paco do Lumiar, 22 
1649-038 Lisboa  
Tel: +351/21 092 4768 
Fax: +351/21 712 7195 
Farinha.mendes@lneg.pt  
 
SINGAPORE 
Mr. Kian Seng Ang 
Building and Construction Authority 
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 
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 
mjose.jimenez@psa.es  
 
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 2138 
jorgen.sjodin@swedishenergyagency.se  
         
Alternate    
Ms. Marie Claesson    
Same address as above 
Tel: +46/16 544 2073 
Marie.Claesson@swedishenergyagency.se          
 
 
 

157



 

SHC Programme Members 
www.iea-shc.org 

 

SWITZERLAND   
Mr. Andreas Eckmanns       
Federal Office of Energy 
CH 3003 Bern 
Tel: 41/31 322 5461 
andreas.eckmanns@bfe.admin.ch 
        
Alternate    
Mr. Urs Wolfer      
Same address as above 
Tel:  +41/31 322 5639 
Fax: +41/31 323 2500     
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  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  
	
  
	
  

158



 

SHC Programme Members 
www.iea-shc.org 

 

OPERATING AGENTS 
 
TASK 39 - POLYMERIC MATERIALS 
FOR SOLAR  THERMAL 
APPLICATIONS 
Dr. Michael Köhl     
Fraunhofer Institute for Solar Energy Sys-
tems 
Heidenhofstr. 2      
D-79 110 Freiburg, GERMANY 
Tel: +49/761 45 885124 
Fax: +49/761 45 889124 
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 5177  
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/ 620 143224 
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 
SolarKey International 
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 2080 
Fax: +41/22 840 2081  
jchadorn@baseconsultants.com  
 
TASK 45 - LARGE SOLAR HEATING &  
COOLING SYSTEMS 
Mr. Jan Erik Nielsen 
SolarKey International 
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  
 

 
 
 
 
 
 

 
 
 
 
 
 

159



 

SHC Programme Members 
www.iea-shc.org 

 

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 5299 
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 6868 1642 
Fax: +33/4 6868 1641  
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 470 
Fax: +43/3112 5886 18 
c.brunner@aee.at  
 

TASK 50 - ADVANCED LIGHTING 
SOLUTIONS FOR RETROFITTING 
BUILDINGS 
Dr. Jan de Boer 
Fraunhofer Institute of Building Physics 
Nobelstr. 12  
D-70569 Stuttgart 
Tel: +49/711 970 34 01 
Fax: +49/711 970 33 99 
jdb@ibp.fraunhofer.de 
 
TASK 51 - SOLAR ENERGY IN URBAN 
PLANNING 
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  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  
	
  

160



 

SHC Programme Members 
www.iea-shc.org 

 

ADMINISTRATION 
 
SHC SECRETARIAT 
Ms. Pamela Murphy      
KMGroup      
9131 S. Lake Shore Dr.   
Cedar, Michigan  49621, USA 
Tel:   +1/231 620 0634  
pmurphy@KMGrp.net    
secretariat@iea-shc.org  
 
SHC INFORMATION CENTER 
Mr. Uwe Trenkner 
Trenkner Consulting 
Rue Anatole France 134 
1030 Brussels, BELGIUM 
Tel: +32 499 265 865 
uwe@trenknerconsulting.com  
communications@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    
 

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  
 
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  
 
 
 
 
 
	
  
	
  
	
  

161



IEA SOLAR HEATING & COOLING PROGRAMME

HCS
SOLAR HEATING & COOLING 
PROGRAMME IEA

HCS
SOLAR HEATING & COOLING 
PROGRAMME IEA

HCS
www.iea-shc.org




