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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: 2™

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.

e

Werner Weiss,
SHC Executive Committee Chairman

IEA Solar Heating and Cooling Programme
www.iea-shc.org



SOLAR THERMAL OUTLOOK

The SHC Programme publishes the only annual global statistics report, Solar Heat
Worldwide: Markets and Contribution to the Energy Supply. The 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 CO, 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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Key findings:

= Cumulated capacity in operation in 2011 was 235.1 GWy, (335.8 million m?):
* 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 kWy,; China: 30.2 kWy,; Austria: 19.6 kWy,; Cyprus: 17.8 kWy;
Turkey: 16.0 KWy,
= 2012 data estimate of the total capacity in operation is 271.6 GWy,



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.

| 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.



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 ltaly.

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 7" SHC/Trade Association meeting was held July 11, 2012
in conjunction with SHC 2012 in San Francisco, California, USA. The 8" 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



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 12-15in Rome, Italy
=  QOctober 30 — November 1 in Singapore

A SUCCESSFUL TEAM

Last but not least, | want to thank the outgoing vice chairmen Markus Kratz and Jodo 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.



Membership

CONTRACTING PARTIES

Australia Mexico
Austria Netherlands
Belgium Norway
Canada Portugal
China Singapore
Denmark South Africa
European Commission Spain
Finland Sweden
France Switzerland
Germany United States
Italy

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.



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.




Task Highlights

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



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+ Ilimit 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.



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.

10
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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 Helden', Andreas Hauer, Simon Furbo, Oleksandr Skrylnyk,
Thomas Nuytten, Alenka Risti¢, Stefan Henninger, Camilo Rindt, Frank Bruno, Ana Lazaro,
Lingai Luo, Daniele Basciotti, Andreas Heinz, Robert Weber, Ines Fernandez, Luisa Cabeza,
Justin Chiu, Herbert Zondag, Ruud Cuypers, Jochen Jénchen, Bernhard Zettl, Eberhard
Ldvemann

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 CaCl,,

' 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

Feature Article: Compact Thermal Storage
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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) Li2S0O4.H20,
(b) CuS04.5H20, (c) MgS04.7H.0 and (d) MgCl..6H20 powders sieved at 100-200 pm.

Figure 2. SEM and TEM images of A) CaCl;- disordered iron silicate matrix and B) CaCl;-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 CaCl,
observed [12,13]. At TNO in The Netherlands, CaCl, 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 Kdstritz, in which the complete granules
consist of active material (see Figure 4), thus increasing the storage density of the material.

Feature Article: Compact Thermal Storage
www.iea-shc.org
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Figure 3: Water uptake curves at 40°C and hydrothermal stability after 20 cycles between 150°C
and 40°C at water vapour pressure 5.6kPa.

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.

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).

Feature Article: Compact Thermal Storage
www.iea-shc.org
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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].

Feature Article: Compact Thermal Storage
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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, ASIiC 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.

16

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).

Feature Article: Compact Thermal Storage
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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 10. Photograph and simulation image of grain movement in a slowly rotating drum (ASiC).

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

Feature Article: Compact Thermal Storage
www.iea-shc.org

17



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- Figure 13. Pictures of the two different VITO
cooled sodium acetate storage tested at DTU. concepts using Mikrotec (A) and TubelCE (B) PCM.
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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

Feature Article: Compact Thermal Storage
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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].
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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.

External circuits of the heat exchangers / Pressure sensor

Liquid level
meter Reactor «—— Solution tank
Water \
storage
tank \

Volumetric Mass flow \olution

flow meters meters pump

Figure 17. Optimized structure of Figure 18. Experimental prototype for the liquid sorption
magnesium sulfate hexa-hydrate. Mg: system developed at the University of Savoie.

green, S: yellow, O: red and H: white.

Hydrogen bonds are shown with

dotted lines and proton transfer with

the purple region.

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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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 | 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 | 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 | 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 | 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 fir 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 ,Kunststofffiigetechnik 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 fir 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 fir Kunststoffe in der Solarthermie, IEA-SHC
Task 39 Workshop, Berlin, Germany, May 16, 2012.

Michael Koéhl, 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 Koéhl, 2012. Ubersichtsvortrag 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 flr 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. Marktibersicht Polymerkollektoren. Workshop Proceedings: Chancen
und Anforderungen flr Kunststoffe in der Solarthermie, IEA-SHC Task 39 Workshop, Berlin,
Germany, May 16, 2012.

M. Meir, K.-A. Weiss, M. Kohl, G.M. Wallner, R. Hausner, 2012. IEA-SHC Task 39:
Polymere Materialien flr Solarthermische Systeme, Conference proceedings and Poster at
the 22nd Symposium Thermische Solarenergie, Bad Staffelstein, Germany, May 9-11, 2012.
M. Meir et al., Marktlibersicht Polymerkollektoren, Workshop Proceedings: Chancen und
Anforderungen fir Kunststoffe in der Solarthermie, IEA-SHC Task 39 Workshop, Berlin,
Germany, May 16, 2012.

Axel Muller, 2012. Optimierung von Solarkollektoren durch Strdémungssimulation. Workshop
Proceedings: Chancen und Anforderungen flr 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 fir 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 ,Kunststofffligetechnik in Leichtbau und erneuerbaren Energien®,
March 6, 2012, Erlangen, Germany.

Katharina Resch, 2012. Polymere  thermotrope Funktionsmaterialien zum
Uberhitzungsschutz von Kunststoffkollektoren. Proceedigs: Fachforum Kunststoffe: Einsatz
in der Solarthermie, OTTI Technologie Kolleg, Regensburg, Germany, Feb. 13-14, 2012.

Katharina Resch, 2012. Funktionalisierung von Polymeren fir die Solarthermie. Workshop
Proceedings: Chancen und Anforderungen fir Kunststoffe in der Solarthermie, IEA-SHC
Task 39 Workshop, Berlin, Germany, May 16, 2012.
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Conference proceedings and Poster at the 22nd Symposium Thermische Solarenergie, Bad
Staffelstein, Germany, May 9-11, 2012.

Karl-Anders Weil3, 2012. Bewitterungsprifung und Charakterisierung von Kunststoffen.
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Wallner, G.M., Lang, R.W., Povacz, M., Grabmayer, K., Koller, W., Brandstatter, A., Nitsche,
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Eigenschaftsprofile, Tagungshandbuch Gleisdorf Solar, 289-295. Download presentation:
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Christoph Reiter, 2012.Thermische Belastungen von Flachkollektoren und Strategien zu
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MEETINGS IN 2012
13" 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.

14™ 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
15" Experts Meeting & Subtask B Workshop

March 13-15
Palma, Mallorca, Spain

16™ 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 2012-15 | Forschungsforderungsgesell- AT
of functional polymers ) schaft (FFG), Programmlinie
Coordinator: University of Leoben; Partners: PCCL, OFPZ Arsenal Haus der Zukunft
GesmbH, Forschungszentrum fir integrales Bauwesen AG
Untersuchungen zur Fertigungstechnik und Kollektorkonstruktion fur Voll- 2012-15 |Bundesministerium fir Umwelt, | DE
kunststoff-Kollektoren Naturschutz und Reaktorsi-
Partners: HAW Ingolstadt, Roth Werke GmbH cherheit
SCOOP - Solar Collectors of Polymers 2011-15 |EU FP7-ENERGY-2011-1 DE, AT,
Coordinator: Fraunhofer Institute for Solar Energy Systems - ISE FR, NO,
Partners: http://eu-scoop.org/partners.html CH
Website: http://eu-scoop.org/
Exkoll - Konzeption von extrudierten Polymerkollektoren und Komponenten 2012- Bundesministerium fir Umwelt, | DE
Coordinator: Fraunhofer Institute for Solar Energy Systems — ISE 2014 Naturschutz und Reaktorsi-

cherheit
Participation in Phase Il of IEA-SHC Task 39 2011-14 | Bundesministerium fur Ver- AT
Coordinator: JKU-Linz; Partner: AEE-INTEC kehr, Innovation und Techno-
Subcontractors: AIT, PCCL, UIBK-EGEE logie; FFG
ISOlar - Screening of insulation materials for solar thermal collectors and 2011-14 | Osterreichische Forschungs- AT
thermal storages and analysis of their long-term-properties férderungsgesellschaft (Neue
Coordinator: Austrian Institute of Technology Energien 2020 - Programm)
Partners: TiSUN GmbH, EuroFoam GmbH
Website: http://www.ait.ac.at/~isolar
SILVER - Solar Energy in Living Environments 2011-14 | Research Council of Norway NO, SE,
Coordinator: Aventa AS; Partners: OBOS, University of Oslo, Linnaeus BE, FR
University, CHCP, DSSK
Website: http://www.forskningsradet.no/~silver
PISA - Polymers in solar thermal applications 2011-14 |Enova NO
University of Oslo: Leitung, Subtask A
UNISOL - Sistema Solar Termico Universal 2011-14 | Portuguese Agency for Deve- | PT, NO
Coordinator: Fabrica de Plasticos, Lda (Pt) lopment and Innovation
Partners: Aveiro University, Oslo University, Aventa AS; Website:
http://projectos.adi.pt/actions/project?id=C16/2011/21507&search=global&a
ctionbean=actions/project
POLYSOL - Development of a modular, all-POLYmer SOLarthermal collec- 2011-12 |EU FP7-SME UK, DE,
tor for DHW preparation and space heating Research area: SME-1 MK, ES
Coordinator: Energias Renovables Aplicadas S.L.
Website: http://cordis.europa.eu/projects/rcn/98108_en.htmi
Smart Windows-Smart Collectors 2010-13 |Land Steiermark, Zukunfts- AT
Partners: PCCL, University of Leoben, A-P-C fonds Partners
SOLPOL-1/2 - Solar Thermal Systems based on Polymeric Materials 2009-13 | Klima- und Energiefonds. AT
Coordinator: Johannes Kepler University - JKU Management: Osterreichische
Partners: http://www.solpol.at/partners Forschungsférderungsgesell-
Website: http://www.solpol.at/ schaft
Use of polymeric materials in solar collectors studied from a total cost per- 2009-12 | Swedish Energy SE, NO

spective - Participation in IEA SHC Task 39
Coordinator: Linnzeus University; Partners: Aventa AS, University of Oslo

Agency
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TASK 39 NATIONAL CONTACTS

Operating Agent

Michael Kohl

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 fir Nachhaltige
Technologien

Feldgasse 19

A-8200 Gleisdorf

r.hausner@aee.at

http://www.aee-intec.at

Christoph Zauner
Austrian Institute for Technology
Osterreichisches Forschungs-

und Prufzentrum 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-Stralle 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
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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
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Trinkl Christoph

Fachhochschule Ingolstadt
Kompetenzzentrum Solartechnik
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University of Applied Sciences
Osnabrick
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Karl-Anders Weiss and Markus Heck
Fraunhofer Institute ISE

Dept. Thermal Systems and Buildings
Heidenhofstr. 2
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markus.heck@ise.fraunhofer.de
http://www.ise.fraunhofer.de

Claudius Wilhelms and Klaus Vajen
Universitat Kassel
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34109 Kassel
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University Stuttgart, ITW
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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
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Department de Energias Renovavaeis
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http://www.sp.se
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Linnaeus University
School of Natural Science
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Bo.Carlsson@Inu.se
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Department of Mechanical Engineering
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Task 40

Towards Net Zero Energy Solar Buildings

Josef Ayoub
CanmetENERGY
Operating Agent for Natural Resources Canada



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 maijor 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 Francois 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, lItaly, South
Korea, New Zealand, Norway, Portugal, Singapore, Spain, Sweden, Switzerland, United
Kingdom, United States

SHC Task 40 / ECBCS Annex 52" National Experts and observers attending the g™ 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 2" PhD summer workshop to be hosted by France at the I'Institut des
Rechereches Scientifique des Carsege, in conjunction with the 8" Task Experts
Meeting in the 3™ 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 1% 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 (Bjérn 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

7" Experts Meeting
May 8 - 11
Naples, Italy

8" Experts Meeting

October 1 - 3

Barcelona, Spain

(In conjunctions with 2" PhD workshop, September 25-29 Carsége Corsica, France)

MEETINGS PLANNED FOR 2013

9" Experts Meeting
April 30 - May 3
Copenhagen, Denmark

10™ 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 Universitat Wuppertal
Haspeler Stralde 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

42

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

Francois Garde

Université de la Réunion

Faculty of Humanities and the
Environment

Sciences Building and Environment

15, avenue René Cassin

Saint Denis, lle de la Réunion, 97715

France

Phone: +262 (0)262 96 28 90

Fax: +262 (0)262 96 28 99

garde@univ-reunion.fr



National Contacts

Austria Canada

Karl Hofler and Sonja Geier Andreas Athienitis

Department for Sustainable Buildings Scientific Director

AEE INTEC NSERC Solar Buildings Research

AEE Institute for Sustainable Network Professor and Concordia
Technologies Research Chair Tier |

Feldgasse 19 Dept. of Building, Civil and

A-8200 Gleisdorf Environmental Engineering

k.hoefler@aee.at Concordia University

s.geier@aee.at 1455 Maisonneuve W.

http://www.aee- Montreal, Québec H3G 1M8

intec.at/index.php?lang=en aathieni@encs.concordia.ca

http://www.solarbuildings.ca
Werner Nussmiiller

Nussmudller Architekten ZT GmbH Véronique Delisle

Zinzendorfg. 1 CanmetENERGY/Natural Resources

8010 Graz Canada/Government of Canada

buero@nussmueller.at 1615 Lionel-Boulet Blvd, P.O. Box 4800

http://www.nussmueller.at/aktuelles.php Varennes, Québec J3X 1S6
veronique.delisle@rncan-nrcan.gc.ca

Belgium www.canmetenergy.nrcan.gc.ca

Roel De Coninck

3E Michel Tardif

Quai a la Chaux 6 Kalkkaai, CanmetENERGY/Natural Resources

1000 Brussels Canada/Government of Canada

roel.deconinck@3e.eu 580 Booth Street

http://www.3e.be/index.php Ottawa, Ontario K1A OE4
michel.tardif@rncan-nrcan.gc.ca

André De Herde http://www.canmetenergy.nrcan.gc.ca

Université Catholique de Louvain

Place du Levant, 1 Denmark

1348 Louvain-la-Neuve Per Heiselberg and Anna Marszal

deherde@arch.ucl.ac.be Aalborg University

http://www-climat.arch.ucl.ac.be Department 6 - Department of Civil

Engineering

Ralf Klein Sohngardsholms Vej 57

KaHo Sint-Lieven 9000 Aalborg

Gebroeders Desmetstraat 1 ph@civil.aau.dk

9000 GENT ajm@civil.aau.dk

ralf.klein@bwk.kuleuven.be http://en.aau.dk/

http://www.kahosl.be/site/index.php?p=/en http://www.zeb.aau.dk

/page/11/welcome-to-kaho-sintlieven/
Seren Ostergaard Jensen

Erwin Mlecnik Danish Technological Institute
Passiefhuis-Platform vzw Gregersen Vej

Gitschotellei 138 2630 Taastrup

2600 Berchem soren.o.jensen@teknologisk.dk
erwin.mlecnik@passiefhuisplatform.be http://www.teknologik.dk/

http://www.passiefhuisplatform.be/
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Kim B. Wittchen

Danish Building Research Institute
Aalborg University

Dr. Neergaards Vej 15

2970 Hagrshom

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

Francois 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 Universitat Wuppertal
Haspeler Stral’e 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
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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
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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, ltaly, 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, fagade 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, & Jargensen 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
Jargensen 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 val