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Preface

ENERGY CONSERVATION THROUGH
ENERGY STORAGE
IMPLEMENTING AGREEMENT

The Implementing Agreement (lA) started in 1978.dtesent term ends by the end of
2016. At present Contracting Parties from the feilimg countries have signed the Im-
plementing Agreement: Belgium, Canada, China, Rohl&rance, Germany, Japan, Ko-
rea, Norway, Sweden, Turkey, USA and IF Technolfjiiem The Netherlands, the In-
stitute of Heat Engineering (ITC) of the Universitiy Technology, Warsaw, Poland and
Energesis Ingenieria, S.L. from Spain as spon3bes Executive Committee is working
intensively to attract more countries to not omliyjthe activities but also sign the Im-
plementing Agreement. New Zealand, Slovenia, AliafrBrazil, Bulgaria, India, Is-
rael, Malaysia, South Africa and Switzerland ateriested. Experts from several coun-
tries do already participate in the Annex work bsasvers.

According to the new Strategy Plan (2011 — 201%yeyed 2010 the strategic objec-
tives for the IA remain as follows

Technology: Maintain and develop international technical R&@la&borations that fur-
ther the environmental and market objectives.

Environment: Quantify and publicise the environmental and epef§iciency benefits
of integrated energy storage systems.

Market and Deployment: Develop and deliver information to support appiater
market deployment and provide effective collaboratind information to stakeholders.

The Executive Committee coordinates and leadsdhaborative work in the Annexes
and the Committee also takes an active part irouarinformation activities such as
workshops, seminars and conferences.
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Introduction

We need energy — electrical or thermal — but introases not
where or when it is available. Enjoying the souhdasic
while you are jogging, you can not stand besidestuket:
electrical energy storages — batteries — make yahilen The
energy you need is stored for a short while and thes
distance you like to run. Having a cold beer onm@amsers
evening was possible even before cooling machireze w
invented. At that time people were cutting ice frthra lakes in
winter, transported the ice to the brewery andestarin deep
cellars. The cold was stored form the winter toghmmer: An
ple f th | energy storage aad th
) 4 utilization of renewable
. energies. In cold climates
surplus solar heat from summer can be used in
winter for heating of buildings by seasonal stor-
age.

Waste heat from industrial processes, steam frdan ggermal
power plants or electricity from photovoltaic panate examples
for energy sources, which can not be used moresixily
without energy storages. A huge potential of eneayrces
substituting fossil fuels can only be exploiteddmergy storage
systems, utilizing renewables like solar thermal,aad wind
energy. Thermal and electrical energy storage systnable
greater and more efficient use of these fluctuagingrgy sources
by matching the energy supply with the demand. Thi
can finally lead to a substantial energy conseovati
and reduction of C&emissions. The growing peak

caused by electrical air conditioning, leads mdtero
to black-outs all over the world. Such a problethe-
shifting of a peak demand for only a few hours or

In this context energy storages can be the besticol
not only from the technical point of view, but afeo
economical reasons.



The energy to be stored can be either electrical or
thermal. Both energies require completely different
storage technologies. However, in the actual
application both technologies can meet: The peak d&
mand of electricity for example is in most casassea
by air conditioning, which is a thermal task. The
cooling demand can be covered by a cold storeofice
chilled water) which is charged at off-peak hows b
electric chillers. Energy storages can be desciiyettheir storage capacity (stored en-
ergy per mass or volume), power (energy outputip®), storage period (how long the
energy should be stored) and size. All these paeamean vary over a huge scale:
———— From latent heat storage to prevent laptops frottingetoo hot
(stored energy in the range of a few Wh) to thd hed cold

& thermal underground storage system underneatheh@ah
Reichstag in Berlin (stored energy in the rangsashe 2 GWh).

= g4 Many governments have committed themselves to reQ
emissions into the atmosphere. They have decidstiégngthen their national efforts
and the international cooperation for researchdawtlopment (R&D) in the Interna-
tional Energy Agency (IEA) and to increase the dgplent of energy conservation
technologies and utilization of renewable energyses. So far in most industrialized
countries, renewable energy sources contribute makginally to satisfy energy de-
mand. Energy storage technologies can help to swblelems caused by the intermit-
tent energy supply of these sources. There is a patential for the application of en-
ergy storage systems. The fact that energy st@ggiems are not as widely used as
they could is due to several reasons. In partidod@ause most new storage systems are
not yet economically competitive with fossil fuelsd their long term reliability and
performance is not yet proven. There are still soegelatory and market barriers
which have to be overcome. Therefore further attsrape being made to resolve these
issues.

The IEA Implementing Agreement on Energy Conseovathrough Energy Storage
provides the platform for international cooperatfanvw.iea.org) in R&D. After almost
three decades of R&D the emphasis of the cooper&&D efforts has shifted towards
the implementation and optimal integration of nearage technologies for an efficient
use of energy and renewable energy sources. liutine more application oriented
topics like thermal energy storage for cooling ariistrial processes or mobile ther-
mal storage systems for the utilization of wastat éll be investigated. The issue of
implementation and deployment of new energy stotagienologies has become a
higher priority as the R&D phase is concluding.
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Storage technologies are one central componentery een- !
ergy efficient system. The increase of energy igfficy in all
sectors — building, industry, transport — is nasgble with-
out the increasing use of thermal as well as etedttstor-
ages. The increase of the Renewables is not pessitiler
without using energy storages to balance the grid.

Public awareness of these basic sentences rosécsigtly
in 2010, therefore energy storages are more anc: ract
cepted to play a key-role in future &@duction.

In addition the economic crisis has also demoredrahat
economic aspects should be treated in parallel enérgy
questions. It is not enough to vigorously optimeeergy
systems, the economic benefit with respect to tgback
time has to be calculated as well. Both the “grieeage”
and the monetary benefit are the arguments forkamy of climate protection to con-
vince policy makers, industrial players and custane

As these are the boundary conditions, scientifagpmss can’t ignore them. On the one
hand, continuous R&D activities are necessary t@ld@ optimised storage systems, on
the other these systems have to enter the marketerwise they will not save energy
at all.

Achievements in 2010

ECES achieved all targets set.

As a first example, two very important Annexes wstaated. Annex 25 is dealing with
the use of surplus heat form industrial processaghermore, the new Annex 26 car-
ries out basic R&D activities to derive the enestyrage demand beyond technical bar-
riers as part of the total balancing demand, takimg account that the most successful
economic solution will be chosen and put into pcact

Another important development was continued in 2049 energy storage is a cross-
cutting issue, ECES strengthened the dialogue leetlee storage related Implement-
ing Agreements and other relevant groups withinl E#e

After the first workshop regarding the role of egestorage in future energy systems in
2009, ECES organised a second workshop in Bad im@010 with the title: “Energy
Storage: Matching Supply and Demand in the Future”.

Important results from this workshop were the nieedtructuring the knowledge and
boundary conditions for different energy storaggtems to enable optimal use in prac-
tise. Furthermore, the demand for best-practicenpkes were pointed out. Both aspects
require to proceed with the storage coordinatidividies. In future these activities will
be taken on by another group within the IEA beytiralmore research-oriented Imple-
menting Agreements to emphasize the significandhisftopic.
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The ECES-ExCo discussed a draft version at thexgprieeting in Turku, where the
ExCo enjoyed the hospitality of Finland.

Then the final version of the Strategies as welhasEnd of Term Report were sent to
the IEA office. In September, the End of Term Repmd the Strategies were presented
at the meeting of the EUWP in Washington, in Noverdt the CERT meeting in Paris.
ECES successfully obtained the requested extension.

Furthermore, ECES is proud to welcome China asvamember country. Hence the
fall meeting took place in Shanghai, China. The BEE&ECo were very impressed by
the Chinese development in this extremely impressity. Thanks again to the Chinese
delegates for arranging this impressive meeting.

Overall 2010 was a very successful and interestaag for ECES.

At the fall meeting the election of the new chaidaecretary took place: Halime Pak-
soy (chair) and Hunay Evliya (secretary) were eleéct

Support by the IEA-Secretariat

| would like to take the opportunity and thanka@illeagues for their continuous efforts
and engagement in particular our IEA desk officew&n Lee and Dr. Andreas Hauer
(ECES scientific secretary). Finally | would like wish our Turkish team all the best
for the interesting times which lie ahead.

. Akl AN

Astrid Wille, Chairman ECES
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Ongoing Activities

In 20105 Annexes were performed by the “Energy Conservatioough Energy Stor-
age” Implementing Agreement.

Annex- | Title Time Operating Agent
No. Schedule
Thermal Response Test ZAE Bayern/
21 2007-2010
Germany
Applying Energy Storage in Build- Concordia
23 i 2009-2012
ings of the Future University/Canada
Compact Thermal Energy Storage: ZAE Bayern/
24 Material Development for System In- 2009-2012 G
. ermany
tegration
Surplus Heat Management using _ _ _
25 Advanced Thermal Energy 2010-2013 Unlverssltga(i)ri Leida/
Storage Technology
Electric Energy Storage: Fraunhofer
26 Future Energy Storage Demand 2010-2013 Umsicht
| Germany




Annex 21: Thermal Response Test

Thermal Response Test (TRT) is a measurement ntetdetermine in situ ground
thermal properties i.e. effective thermal conduttief ground thermal resistance in
boreholes. This is important for the design of Ugdeund Thermal Energy Storages
(UTES). The TRT equipment is usually set up oaiketrfor easy transportation
between test sites. This method has been very tampan the rapid spreading of BTES
systems. It has been a door opener for introduthiigytechnology in “new” countries.

The overall objectives of Annex 21 are to compRd Experiences worldwide in order
to identify problems, carry out further developmeligseminate gained knowledge and
promote the technology. Based on the overview asi&&-of-the-art, new
developments and further work are studied.

Annex 21 was approved by the Executive Committaprih2007, scheduled to run
until April 2011 and at the Executive Committee tfepin November 2010 extended
until October 2011. Operating Agent is the Bavar@enter for Applied Energy
Research, ZAE Bayern, Germany. Participating CaastrGermany, Sweden, Canada,
Finland, Japan, Korea, Norway, Spain, Italy, Turled The Netherlands. Several
other countries like Austria, Bulgaria, UK and UBAve shown interest and attended
some of the meetings as observers. Most of theegtésl institutions were not able to
join due to lack of funding.

Activities 2010

The spring meeting was hosted by the UniversiBotdgna in Italy sponsored by the
company GEO-NET and the region Emilia-Romagna.l®vajeothermal systems and
along with them Thermal Response Testing is fastigg in Italy. The second meeting
in 2010 and tentative last one was held in EspagliaiRd hosted by the Geological
Survey of Finland GTK.

In 2010 the data collection for the state-of-thé-study of subtask 1 was still going on.
Germany turned out to be one of the countries thighhighest number of running TRT
equipments. More than 20 companies, tendency ggowiovide TRT measurements.
Several of them are running more than one testinignost of the other countries only
few companies offer the TRT for site investigation.

In subtask 2 ‘New Developments’ one item of disonssas the determination of
undisturbed ground temperature and its verticalfppedoy different measurement
methods such as a submersible data logger, offilwa, measurements by fluid
purging and lowering of temperature sensors inlibeehole heat exchanger (BHE)
pipes. Ground water influence with a resulting cective heat transport on TRT is
investigated in Norway and Germany in researchexty. Further subjects like TRT
while drilling, TRT for heat pipes, TRT for speaalometries of BHESs like energy piles
and the pulse test were discussed. All availaldlerination was collected and
summarized in a first draft of the subtask report.

Common evaluation models for TRT (and also modelsystem design) as reported in
subtask 3 ‘Evaluation Methods and Developmentsiataconsider ground water
influence. Measurements show significant differestilts foreff with and without




ground water influence (Fig. 1, Fig. 2). The corgerice of the measured thermal
conductivity with time can be used as criteriontfor validity of the evaluation.

For the ‘Standard TRT Procedures’ (subtask 4) tbegadiption of the correct evaluation
time period (minimum time criterion and measurenpaniod) is still under discussion
and requires for further clarification a re-evaluan of tests of the Annex members. The
German VDI 4640 guideline committee has decidadsé&the outcome of this subtask
as basis for the new VDI 4640 part 5 ‘Thermal ResgoTest’.

The main activity of subtask 5 the TRT websiteagas revised by the members and is
now online at www.thermalresponsetest.org.
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Fig.1: Thermal Response Test result for pure heatlaction. Temperature response
with time (blue curve), theeff-value (red curve) shows convergence with irgirep
time of measurement

Fig.2: Example of Thermal Response Test resuk$f, for pure heat conduction (red
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curve) and with ground water influence (blue cunie)case of ground watereff does
not converge and can’t be used for design with lagiueat conduction models.

Future Activities

At the moment no further expert’s meetings arenman The major activity will be the
compilation of the final report as the Annex willdein 2011.1t will be based on the final
report of the five subtasks.

Contact
Manfred REUSS — ZAE Bayern, Germany — reuss@ muicazaen.de

Selected Publications

Proell M.: Thermal Response Test, in proceedings ®DI-Konferenz Waermepumpen
(08./09. June 2010) in Stuttgart, Germany, VDI \tsforum Duesseldorf 2010, p. 39-
46

Proell M., M. Reuss: Tiefenaufgeloeste Bestimmuangaermeleitfachigkeit, in
proceedings of Geothermiekongress 2010 in Karlsr@emany

Proell M.: Vergleich verschiedener Methoden zurtBesiung thermischer
Untergrundeigenschaften in proceedings of OTTI Hd@rnationales Anwenderforum
Oberflachennahe Geothermie in Linz, Austria 20.Adril 2010, p. 43-48

Reuss M., M. Proell: IEA ECES Annex 21 Thermal Besp Test in proceedings of
Geothermiekongress 2010 in Karlsruhe

Reuss M.: Oberflaechennahe Geothermie in der Kié&éegjung in proceedings of OTTI
- Effiziente Kéltetechnik in Gewerbe und Indusimi&egensburg, Germany, 03./04.
February 2010, p. 123-138

Reuss M.: Richtlinie VDI 4640 - Thermische Nutzdeg Untergrunds in proceedings
of OTTI — 10. Internationales Anwenderforum Obetignnahe Geothermie in Linz,
Austria 20./21. April 2010, p. 63-70

Reuss M.: Techniken der Oberflaechennahen Geothempiroceedings of OTTI — 10.
Internationales Anwenderforum Oberflachennahe Gaotle in Linz, Austria 20./21.
April 2010, p.13-22

Reuss M.: Techniken der Oberflachennahen Geothempieceedings of 1. VDI-
Konferenz Waermepumpen (08./09. June 2010) ing&tytGermany, VDI
Wissensforum Duesseldorf 2010, p. 9-22

Anna-Maria Gustafsson, Thermal Response Testtuehtfe of convective flow in
groundwater filled borehole heat exchangers, Liledversity of Technology,
2010,ISSN: 1402-1544, ISBN 978-91-7439-143-5, L2048, www.|tu.se

D. Bauer and W. Heidemann and H. Muller-Steinhagyeah H.-J.G. Diersch (2010).
Thermal resistance and capacity models for borehek exchangers. Intern. J. of
Energy Research.
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H.-J.G. Diersch and D. Bauer and W. Heidemann andRhaak and P. Schatzl, (in
press). Finite element modeling of borehole heahamger systems. Part 1.

H.-J.G. Diersch and D. Bauer and W. Heidemann andRiaak and P. Schatzl, (in
press). Finite element modeling of borehole heehamger systems. Part 2.

H.-J.G. Diersch and V. Clausnitzer and V. Myrnyg & Rosati and M. Schmidt and
H. Beruda and B.J. Ehrnsperger and R. Virgilio fiess). Modeling unsaturated flow
in absorbent swelling porous media: Part 2.

J. Raymond, R. Therrien, L. Gosselin, R. LefebNueperical analysis of thermal
response tests with a groundwater flow and heatsier model, Renewable Energy,
Volume 36, Issue 1, January 2011, Pages 315-33N [®60-1481, DOI:
10.1016/j.renene.2010.06.044.

H. Paksoy, B. Turgut, H. Evliya, Dikici D. (2010)-situ thermal response test for
borehole thermal energy storage applications inkey; 10th REHVA World Congress,
9-12 May 2010, Antalya, Turkey.

T. Bandos, A. Montero, P. Fernandez de Cérdobalahttchueguia. Improving
parameter estimates obtained from thermal resptests: effect of ambient air
temperature variations.To be published in Geothesmi

J. Martos, A. Montero, J. Torres and J. Soret. Bolo&pter: Wireless sensor network
for monitoring thermal evolution of the fluid trdivey inside ground heat exchangers.
Book: Emerging Communications for Wireless Senstwiirks 3 (2010) 25-40. ISBN:
978-953-307-082-7 (IntechWeb.org Ed.)

A. Montero, T. Bandos, J. Martos, T. Magraner, Brd® and J. Urchueguia. Book
chapter: Ground Coupled Heat Pumps in Mixed Clinfateas: Design
Characterization and Optimization. Book: Paths tsstainable Energy 30 (2010) 621-
646. ISBN: 978-953-307-401-6 (Intechweb.org Ed.)

T. Bandos, A. Montero, P. Fernandez de CérdobaJafid Urchueguia. Conference
article: Finite line-source model for borehole heaichangers in multilayered medium:
effect of anisotropic diffusion. Conference: ASMB-AIT Conference on Thermal
Environmental Issues in Energy Systems. ISBN 948-8%559-9

J. Martos, A. Montero, J. Torres, J. Soret and @utihez. Conference article: Design
and test of a new instrument to characterize boeeheat exchangers. Conference:
ASME-ATI-UIT Conference on Thermal Environmentsiiés in Energy Systems. ISBN
978-884672659-9
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Annex 23: Applying Energy Storage in Buildings of
the Future

Sustainable buildings will need to be energy edfitiwell beyond current levels of
energy use. They will need to take advantage oéweable and waste energy to
approach ultra-low energy buildings. Such buildingdl need to apply thermal and
electrical energy storage techniques customizedsfoaller loads, more distributed
electrical sources and community based thermal s=sirLower exergy heating and
cooling sources will be more common.

The general objective of the Annex is to ensuré émergy storage techniques are
properly applied in ultra-low energy buildings asdmmunities. Applications of these
designs are foreseen in recent years where totdlaradioxide reduction is required.

Proper application of energy storage is expected iiorease the likelihood of

sustainable building technologies and may well xessary for the wide scale
adoption of sustainable buildings.

Specific objectives of Annex 23 include:
» assess the potential of harnessing natural enemyces to supply building
heating and cooling through energy storage;
» assess the use of energy storage to optimize tihaeety of distributed
generation;
e develop and evaluate energy storage conceptuabdgssuitable for specific
applications; and

e develop guidelines and procedures to estimate tiviramental performance
of energy storages when applied in ultra-low endrgijdings and communities

To reach these objectives, the annex is structuréigle subtasks.

Subtask A: Coordinated national reviews of energytsrage use in energy efficient
buildings

The subtask will focus on a coordinated review opérgy storage use in each
participating country. The review will include thperformance assessment, the
advantages, requirements and limitations. The skbtaill focus on systems that have
the potential to be used for monitoring in SubtBsk

Subtask B: Evaluate energy storage usage and propess efficient systems based on
Subtask A and other Annex results

The subtask will focus on carrying out an extenditerature review to study the
existing techniques to evaluate the performancinede systems in order to develop a
common evaluation technique for comparison of wffe energy storages. This
procedure will be used to investigate the perforogaof systems from Subtask A.

13




Subtask C: Develop sustainable energy storage desgyfor a variety of ultra-low
energy buildings using thermal, phase change mateis and electrical storage
options

The focus of this subtask is to develop new susilEnenergy storage or improve
promising existing systems that have potentialddosuccessfully integrated with a
variety of ultra-low energy buildings.

Subtask D: Apply, monitor and evaluate demonstratios of these designs in a
number of countries and climates

The focus of this exercise is to collect reliabégadfrom a number of demonstration
projects. The collected data will be used to stildyperformance of the system and will
be also used by other participants for model veaiion.

Subtask E: Identify technologies and applications @eded in the long-term to
achieve 2030 building objectives and develop typitaustainable energy storage
designs

The concentration of this subtask is to evaluat @malyze the information obtain from
previous subtasks to identify technologies to ashtee objective of this Annex.

The second expert meeting was held in Lyon-Francklarch 2010 where the first
Forum was held and the goal was to disseminaternmition and provide an
opportunity for discussion among participants, adlas to get feedback on the Annex
work plan. Over sixty participants attended the timge there were a total of 12
presentations,

The third Annex meeting was held in conjunctiorhvlite PALENC 2010 meeting. A
special session entitled “Phase Change Materialsaa3ool towards Low Energy
Building” was organized at this international mewji A total of 8 papers dealing with
the application of PCM in the design of an enerfficient and thermally comfortable
building were included in this session. Over fifgyrticipants attend this session.

At this meeting the Subtask A leader reported thénpinary outcomes of survey which
includes 15 case studies. He emphasized that theeysuis incomplete. This
incompleteness makes it impossible to draw corarigsabout actual implementations
either in the laboratories or as demonstration dirigs. Therefore, it is not possible to
create a meaningful database of storage applicatdevertheless, from the presented
results we can discern a trend that would needdaabnfirmed that is most projects
tend to be intended to manage the demand (dimpgak power consumption).

In many case, utilization of PCM bears economieriest only if one takes into account
the change of energy cost through the day. In amdisince these gains are compared
to a standard building, they cannot be easily coragdo high performance designs. He
then mentioned that it is very difficult to extrasneral design rules or even simple
practical results from the scientific literaturehi§ problem arises from the fact that
there is almost no inter-comparison between varidesigns. In most studies, the
optimization of a single particular configuratiors istudied. Even for models, each
group tends to use its own in-house solution witheystematic comparisons with

14



others. In addition, performances of energy storagstems are strongly related to
local climatic conditions, which add to the diffiguof the reutilization of previously
published results in subsequent research as a cosgpabasis. However that may be,
the actual size of the survey makes such compairnspossible.

It was recognized that there is a strong need faoaprehensive validation of the
existing simulation programs with respect to maddgllof the passive thermal storage
(PCM, TCM, sensible), development of a model foMT@mulation, and LCA. This is

needed to ensure the development of medium-tertaigalde Energy Storage Designs
for a variety of ultra-low energy buildings. Theved energy storage designs for a
variety of building types will be examined depegdn the interests of the participants.

It was agreed that conceptual designs of ultra-lenergy building types with energy
storage recommendations will be developed baserhsa studies. Case studies will be
performed by means of simulation tools. Each pigdict having their own simulation
tools, a comprehensive validation of the existimgusation programs with respect to
modeling of the passive TES will be carried oue mbmerical models will be validated
by means of experimental results provided by thle Ea

Operating Agent
Canada
Participating Countries

Brazil (Associate Member), Canada, China, Frar@eece (Associate Member), New
Zealand (not confirmed), Norway, Spain, Swederkéiy UK.

Contact

Fariborz HAGHIGHAT - Concordia University - Montle&uebec Canada -
haghi@bcee.concordia.ca

Selected Publications:

Cabeza LF, Castell A, Medrano M, Martorell I, PEi®, Fernandez I, 2010, “Experi-
mental study on the performance of insulation malein Mediterranean construc-
tion”, Energy and Buildings, (42), 630- 636.

Cao, S., Gustavsen, A., Uvslgkk, S., Jelle, BGitbert, J., and Maunuksela, J., 2010,
“The Thermal Performance of Wall Integrated Phadeafige Material Panels — Hot
Box Experiments”, Proceedings of the Renewable g@ndResearch Conference -
Renewable Energy Beyond 2020, Trondheim, Norwe§ Jane.

Castell A, Medrano M, Solé C, Cabeza LF, 2010, “Bmsionless numbers used to
characterize stratification in water tanks for diszging at low flow rates”, Renewable
Energy, (35), 2192 - 2199
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Castellén C, Castell A, Medrano M, Martorell |, Gata LF, 2010, “Experimental

Study of PCM Inclusion in Different Building Enveds”, Journal of Solar Energy
Engineering-Transactions of the ASME, (131), 4100641006-6>

Chidiac, S.E., Catania, E.J.C. , Morofsky, E., F602011, A screening methodology
for implementing cost effective energy retrofit meas in Canadian office buildings,
Energy and Buildings 43, 614-620.

De Gracia A, Rincon L, Castell A, Jiménez M, BoeMedrano M, Cabeza LF, 2010,
“Life cycle assessment of the inclusion of phasaglk materials (PCM) in experimen-
tal buildings” Energy and Buildings, (42), 15171523.

Duitil, Y., Rousse, D.R., Ben Salah, N., Lassu€®., “A Review on Phase Change
Materials: Mathematical Modeling and Simulation®RSER, 15(1) 122-130.

Joulin, A., Younsi, Z., Zalewski, L., Lassue, 8ysRe, D., 2011, “Experimental and
numerical investigation of a phase change materfdlermal-energy storage and re-
lease”, Applied Energy, (in press).

Kuznik F., David D., Johannes K. and Roux J.J.120A review on phase change ma-
terials integrated in building walls”, RenewabledBustainable Energy Reviews, 2011,
15, 379-391.

Llovera J, Potau X, Medrano M, Cabeza LF, 2010, $ig@ and performance of en-
ergy-efficient solar residential house in Andorr&pplied Energy, (88), 1343-1353.
Morofsky, E., 2005, Energy efficient building des&mnd thermal energy storage, NATO
Advanced Summer Institute, June, Cesme, Turkeysopaldalime O (ed.), Thermal
Energy Storage for Sustainable Energy Consumpt®TO Science Series, ISBN:
9781402052903, p. 3-22, Copyright 2007, Springethdigands — Dordrecht, 459
pages.

Mcllveen-Wright D. R., Moglie, M, Rezvani S., Huang Anderson M., Redpath D.,
Dave A. and Hewitt N. J., 2011, “A techno-economnalysis of biomass gasifiers
integrated with high and intermediate temperatuskdsoxide fuel cells”, International
Journal of Energy Research, article accepted irspre

Redpath David A. G., Mcllveen-Wright David R, Kk#tgam Thomas A, Hewitt Neil J,
El Amsar Toufic, Geha Daniel, Karam Fadi, Karlowdlerzy and Griffiths Philip W,
2010, “Battery powered electric vehicles for ligidricultural duties in remote areas in
the Southern Mediterranean region”, Internationaluinal of Ambient Energy, Volume
31, Issue 3.

Younsi, Z., Zalewski, L., Rousse, D., Joulin, Assua, S., 2011,”A novel technique for
the experimental thermophysical characterizationpbése change materials”, Int. J.
Thermophysics (on line, Décember 2010).

Yu, Z., Haghighat, F., Fung, B. C. M. and H. Yoshif2010) “A decision tree method
for building energy demand modeling”, Energy andldogs, 42:1637-1646.

Yu, Z., Fung, B. C. M., Haghighat, F., Yoshino. Ahd Morofsky, E., 2011, “A
Systematic procedure to study the influence of mmtuubehavior on building energy
consumption ”, Energy and Buildings,(in press).
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Annex 24: Compact Thermal Energy Storage: Mate-
rial Development for System Integration

From past IEA SHC and ECES tasks it was concluldaat broad and basic research
and development initiative is needed to find angrowe compact thermal energy
storage materials. The IEA joint Task/Annex 42/@dds together experts from both
the materials development field and the systemagiiation fields. In four years, the
task aims at having finished the first steps towadew generation of thermal storage
technologies.

In 2010 two expert meetings were held. The thipbexmeeting in Bordeaux was held
in July. In this meeting it became also clear tthet System Integration aspects were
dealt with in both the System Integration workimgugp and in the three Application
working groups. A new discussion on the Task siradead to the conclusion to stop
the System Integration working group. The alteradKIstructure is described below.

Materials: WG Leader
WGA1 Material Engineering and Elena Palomo (Univ.Bordeaux, FR)
Processing
WGA2 Test and Characterization Stefan Gschwan&#t,(DE)
WGAS3 Numerical Modelling Camilo Rindt (TUE, NL)
WGA4  Apparatus and Components Wim van Helden (BCN, NL)
Applications:
WGB1 Cooling (0 °C - 20 °C) Motoi Yamaha (ChubuWJaP)
WGB2 Heating / DHW (20 °C — 100°C) Jane DavidsoniyUMinnesota,
us)
WGB3 High Temp. Appl. (> 100 °C) Luisa Cabeza ({eida, ES)

Cross Cutting:

WGC1 Theoretical Limits Eva Ginther (ZAE Bayern) DE

The Graz expert meeting was held just prior toEbieosun conference. There was a
very good representation of Task4224 related pabbos at the two oral sessions and
poster session dedicated to Thermal Energy Staaageirosun. Both the Bordeaux and
Graz meeting were well attended.

In the different Working Groups (WG) quite remaikgtrogress was achieved:

» Materials engineering and processing: The decisias made to start with a
materials database, and incorporate safety data mMaterials data will be
supplied by all experts. A short report on the miencapsulation of inorganic
PCM s was finished in concept. Samples of newly syistitbgeolites and
composites were made and sent to other institoteshfaracterisation.

* Materials testing and Characterisation: The firsingparison was made of the
round-robin test of different PCM samples. There emnsiderable differences
in the measured values. The round-robin will be pieted (also including
sorption materials) and the results used to makeogosal for a normalised
testing procedure.
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* Numerical Modelling: A first draft of the report sleribing numerical modelling
technigues was finished.

» Apparatus and Components: A mind map was produesdritbing all the
aspects of the design process for a thermal storélge design process was
divided into consecutive steps.

e Cooling Applications: A schematic overview of aahié cold storage
applications examples was made, in the temperaturge from -40 °C to 40
°C.

» Heating and Domestic Hot Water Applications: Anrgiev was made of the
Task experts that are doing performance simulationgither technical
performance, economical performance or that carvigl® experience from
prototype testing.

* High-temperature Storage: Three different applioatfields have been
identified. The first is high-temperature waste thédisation from industrial
processes, e.g. steel industry. Second is themeagg storages for process
heat. Third is thermal energy storage for concetetiassolar power plants.

e Theoretical Limits: A study into the physical lisndf thermal storage was
drafted. An inventory was made of the differentsstaycategorise a storage
system.

Figure 1: Test cubicles for comparing experimentstbermal energy storage
materials for passive cooling (University of Lleid&pain)

Operating Agent
Germany
Participating Countries

Austria, Australia, Belgium, Canada, Denmark, Japdaw Zealand, Switzerland,
Germany, Spain, France, The Netherlands, Swedekef,uUK, USA.

Contact
Andreas HAUER — ZAE Bayern — hauer@muc.zae-bayern.d
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Future Activities

20.2.2011, Experts Meeting in Belfast, UK (in cartiv& with the Sustainable Energy
Storage Conference 2011)

September 2011, Experts Meeting and Workshop, thityef Minnesota, USA

Presentations

In 2010 presentations about the Task4224 and it& Wwas been given at:
e Intersolar Solar Thermal Conference, Munich, GergnéghJune 2010
 ASME conference, San Francisco, USA, July 2009

A key note lecture has been given at the EuroSunfie@nce September 2010 in Graz,
Austria by the Operating Agent

Publications

Castellén C, Medrano M, Roca J, Cabeza LF, Navati, Fernandez Al, Lazaro A,
Zalba B, Effect of microencapsulated phase chargenal in sandwich panels
Renewable Energy, 35, 2370-2374, 2010

Fernandez Al, Martinez M, Segarra M, Martorell léeza LF

Selection of materials with potential in sensilblertmal energy storage

Solar Energy Materials and Solar Cells, 94, 17229,72010

Gil A, Medrano M, Martorell |, Lazaro A, Dolado Palba B, Cabeza LF

State of the art on high temperature thermal enstgyage for power generation. Part
1-Concepts, materials and modellization, Renew&lBeistainable Energy Reviews,
14, 31-55, 2010

Castell A, Medrano M, Martorell |, Pérez G, Cabé#a

Experimental study of using PCM in brick constreetsolutions for passive cooling
Energy and Buildings, 42, 534-540, 2010

Risti¢, A., Kauic, V., A novel sorption material for thermal enesggrage, First
international conference on materials for energyly4-8, 2010, Karlsruhe, Germany.
Risti¢, A., Henninger, S.K., Zabukovec Logar, N. #&auV., Novel Adsorption Material
for Thermal Energy Storage,, EuroSun 2010, Inteamatl Conference on Solar
Heating, Cooling and Buildings, 28.9.-1.10.2010agrAustria.

D. Katsourinis, M. Founti, M.D. Romero Sanchez, AL¥pez Buendia

On The Computational MOdelling of Thermal Energyr&ge in Natura Stone Treated
with PCMs, IIR Proceedings Series “RefrigerationeBce and Technology”. 9th Int.
Conference on Phase-Change Materials and Slurae&éfrigeration and Air
conditioning. 29 Sept-1 Oct 2010. Sofia. Bulgar&BN: 978-2-913149-82-3; ISSN:
0151-1637

Pefalosa, C., Lazaro, A., Delgado, M., Zalba, BL@Q.ooking for “low cost” Phase
Change Materials and their application for energyismg. EuroSun 2010 Conference
proceedings, Graz (Austria), 28 September - 1 Gut@h10.

Robert Weber, Langzeit- Warmespeicherung mit Na&kitly Solarhaustagung Luzern,
22./23. 09. 2010
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Robert Weber, Heat storage with Sodium Hydroxidep&un 2010, Graz, 28. 09. - 01.

10. 2010
Quinnell, J. A., Davidson, J. H., Burch, J., “LiguCalcium Chloride Storage: Concept

and Analysis,” ASME 2010 4th Annual Energy Sustaiiitg Conference, May 17-22,
Phoenix, AZ.
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Annex 25: Surplus Heat Management using Ad-
vanced Thermal Energy Storage Technology

The general objective of this Annex is to ideratifd demonstrate cost-effective strate-
gies for waste heat management using advancedN&#& knowledge will be generated
with regards to:

¢ The potential for advanced TES to minimize prowessie heat through better
process integration, enabling the use of waste fardhternal heating demands
or cooling demands (via heat driven cooling).

e The potential for advanced TES to cost-effectivelgease waste heat driven
power generation in industrial applications.

e The potential for advanced TES to enable extersalaf heat from industrial-
scale processes through effective thermal enegyilali-tion.

e The potential for advanced TES to increase thé&atibn of waste heat in vehi-
cles like on-board cooling and minimization of cetdrt.

* The potential for advanced TES to increase theofiseaste cooling (e.g., the
large cooling potential associated with LNG regasifion) and free cooling for
comfort cooling applications.

Thus, a sub-goal of this proposed annex is to yeadill into the waste heat utili-zation
issue from a very broad perspective and show tkeatgyotential for us-ing advanced
TES towards reaching a resource efficient energyesy where waste heat (and cold) is
minimized. This has a good potential for attractan@rge number of participants from
a variety of disciplines and levels of R&D (ba-ssearch to commercial systems).

In 2010, the kick-off meeting of the Annex was Imeldeida (Spain) 7-8.10.2010. 12
participants from 7 countries attended the meefirige main ob-jective of the meeting
was the revision of the participants contributid? (pro-ject were presented by the par-
ticipants), and the revision of the sub-tasks, Whiere defined as:

e Advanced TES in process integration and distristribution
Subtask leader: Michael Himpel (ZAE Bayern, Geryjan

e Advanced TES in surplus heat driven power
Subtask leader: Xavier Py (PROMES-UPVD, France)

* Advanced TES in vehicles
Subtask leader: Yukitaka Kato (Tokio IT, Japan)

e Advanced TES for cooling (LNG, solar cooling, etc)
Subtask leader: Luisa F. Cabeza (UdL, Spain)

* Environomical performance assessment
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Subtask leader: Viktoria Martin (KTH, Sweden)

Figure 2: New materials developed from industrialstes for solar power storage sys-
tems (PROMES, Perpignan)

Future Activities

11-12.4.2011, 2nd Workshop & Experts Meeting inpRgran (France)

October 2011, 3rd Workshop & Experts Meeting, Japan

14-15.5.2012, 4th Experts Meeting, Lleida (Spamgonjunction with Innostock 2012

Operating Agent

University of Lleida, Spain

Participating Countries

Spain, Sweden, France, Japan, Germany, New Zealirda.
Contact

Luisa F. CABEZA - University of Lleida.- Icabeza@ldidl.cat

Selected publications

Fernandez Al, Martinez M, Segarra M, Martorell klieza LF, Selection of materials
with potential in sensible thermal energy stora§elar En-ergy Materials and Solar
Cells, 94, 1723-1729, 2010
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Annex 26: Electric Energy Storage:
Future Energy Storage Demand

The future of electricity network involves a massipenetration of unpredictable re-
newable energies. For insuring network stability all as for maximizing the energy
efficiency of such networks, storage is a key issue to now, the integration of re-
newable energies did not take into account the dewchaide and was performed in a
“fit and forget” way. The optimum evolution in an@nomic perspective is in the fu-
ture to have an integration that is respecting theeds. One solution — beneath de-
mand side management and grid extension — is the akenergy storages. The main
purpose of adding energy storage systems in thetatgty grid is to collect and store
overproduced, unused energy and be able to reusliiing times when it is actually
needed. Essentially the system will balance thepdigty between energy supply and
energy demand. Worldwide between 2% and 7% of tistalled power plants are
backed up by energy storage systems (99% pumperblsydtems). The future de-
mand of energy storage devices is actually unkno@mly the main influence factors
on this demand are known.

Storage technology: Realized applications
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23




ECES)

Energy System Germany / Europe
[Power] ) *
%

= = scenario: 12 years extension of operational
life-span of nuclear power plants
(Prognes AG, EWI, GWS study, september 2010}

BMU study "Leitszenario 2009" (operational life-span
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of nuclear power plants: 32 years, no extension)
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Survey about power plant fleet in some European otiies and the development in
Germany

The main objectives of Annex 26 are:
e survey about technologies, framework conditions aagplications
e calculation methodology to determine spatial eneltgglancing demand
e outlook on future applications and test procedures
To reach these objectives, the annex is structuireéour main work packages
l. Technical and economic framework conditions fenergy storage systems

The aim is to give an assessment and a comparidooud general technical and eco-
nomical conditions in the different countries. Thefore a survey about realized stor-
age systems, national technical key figures witteithfuture development and eco-
nomic framework conditions have to be examined.

Il. Calculation method to determine spatial demaiat electric energy storage

In this core work package a new, spatial mathematimethod has to be developed
and applied to different “worlds” to derive the gfibalancing demand and the energy
storage demand as a part of it.

[ll.  Applications of electric energy storage system

In this work package realized and future applicatis of electric energy storage will

be examined to derive business cases and to comiberm@ with real case studies. Last
but not least smart grid technologies, which arengpeting technologies, are taken
into account.

IV.  Requirements for test procedures
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The aim of this work package is to develop guidekn- derived from applications —
for testing energy storage systems.

The kick-off meeting was held in June 2010 in Obeaisen (Germany) and the goal
was to discuss among participants, as well as tbfgedback on the Annex work plan.
Over 20 participants attend the meeting and 17 grstions were given.

Impressions of the kick-off meeting 8th and 9tbuoie 2010.

The second meeting was held in October 2010 inddama (Spain) joined with an in-
ternational storage conference. This was a meaifragcore group of 12 people to dis-
cuss who will be in charge of the different workkeges and what technologies will be
taken into account. The next meeting is planndtlB6 in France in 2011.

Publications

Schnur, A.; KanngielRer, A. 2010, ,Energy balanciteggnand - how much is needed and
where?* Poster, 5th International Renewable Enesggrage Conference, IRES 2010.
CD-ROM : 22.-24. November 2010, Berlin, SEMINAR&NBusHotel Berlin, Science

& Conference Center

Bonn: EUROSOLAR, 2010

Operating Agent
Fraunhofer UMSICHT, Germany

Contact

Christian DOETSCH - Fraunhofer Umsicht, Germany —
christian.doetsch@umsicht.fraunhofer.de
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Further Activities

Executive Committee Meetings

The Executive Committee had two regular meetingsgithe year 2010. The 69th
Executive Committee Meeting in Turku, Finland oryM8-21 and the 70th XC
Meeting in Shaghai, China on November 25-26.

The most important items and decisions of the XE€tikgs in 2010 are outlined below.
The Turku, Finland Meeting, May 20-21, 2010

26

Approval of the minutes of the 66th XC Meeting.

Astrid Wille (Germany) was unanimously elected haifnan, Halime Pak-
soy (Turkey) and Lynn Stiles (USA) were electediess Chairs.

XC decided to invite Energesis Ingenieria, S.La{i®pas a sponsor and
China to become a contracting party.

XC decided to write a letter to “dormant” participiag countries and to
take them from the list of active members in chseg will not reply before
the next ExCo Meeting. The legal office requirestéde only active partici-
pants.

XC decided unanimously to apply for an extensio&new chair Astrid
Wille will be responsible to prepare and finalibe tend of term report and
the new strategy plan. A first proposal will betdizuted before the autumn
XC Meeting.

Approval of the progress reports of the ongoing éxas 18, 19, 20 and 21.

Discussion on the planned workshop “The Role ofrggn&torage in Future
Energy Systems”. The idea behind this workshopett & better coordina-

tion of storage related activities between thevatg Implementing Agree-

ments.

Discussion on topics for potential Annexes on glsdtstorages: Batteries
and Fuel Cells, Electric Vehicles and StandardmatiGrids of the Future
and State of the art report concerning all typestofages. Each country

will try to identify special items and experts &or IEA collaboration.

The progress of the organization of the Effstoaif@®nce 2009 in Stock-
holm was presented, the program and contributioBOES was discussed in
detail.



The Shaghai, China, Meeting, November 25-26,2010

« Minutes of the 67 XC Meeting were accepted.

» Progress report about the very promising contragtmmocess of China; the
process for the new sponsor from Spain is neanlgtied, only the CERT
approval is missing.

» Approval of progress reports of the ongoing Anneb&sl19, 20, 21, 22 and
23.

» Discussion about two new Annex proposals: Anneg about “Surplus
Heat Management using Advanced TES for CO2 MitgatiAnnex 26
deals with the “Electric Energy Storage: Future Egye Storage Demand”.

e The progress of the organization of the plannedtstock” conference
2012 in Lleida (Spain) was presented in combinatuith a discussion about
the related rules.

» Summary of the variety of conferences and work&@pS attended in
2009, one highlight was the Effstock Conferenciuime.

» Discussion about the results from the workshop “Riade of Energy Storage
in Future Energy Systems”: There was a strong reacin favor of a “Stor-
age Coordination Group”. ECES will prepare the netéps in close contact
with the IEA office and CERT. The workshop was sacgessful and very
well received by all participants.

» Discussion about the Energy Saving Potential ofrfila¢ Energy Storages.
Spain is in progress to calculate the relevant datahe EU and for Spain
specifically. The shown table was very helpfuhtreéase the visibility of en-
ergy storage potential in general and will leadatetter understanding of
policy makers and industry for the benefit of eyestprages.

» ECES will assist in the organization of expert vabrips on the application
of thermal energy storages in buildings. A conttidwi to the ETP 2010 and
a book on energy efficient buildings is planned.

» The XC decided to have a joint meeting with the $&@ 2011 in Europe.

Other Activities
“Energy Storage: Matching the Supply and Demand irFuture”
Workshop, 14" -16" July 2010, Bad Télz, Germany

Scope of the Workshop

The Implementing Agreement “Energy Conservatioough Energy Storage” (ECES)
organized a second workshop on the future rolenefgy storage. This workshop took
place from July 14th until 16th, 2010 in Bad T@&=zrmany.

The initial meeting with representatives from Inmpéating Agreements, EUWP, REWP
and CERT in 2009 established that the main focosldhoe put on coordinating
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activities in the field of energy storage as a srostting issue. This is due to the fact
that energy storage bridges the gap from the paueply resp. the Renewables to all
end use sectors. Furthermore storages are also ivgpprtant for the distribution
system.

The participants decided to continue with the psescef coordinating further research
activities on energy storage within the IEA and kvout the main topics and suitable
ways of cooperation for each one. This was theaedsr a second workshop where
experts from the above mentioned sectors as wélbaswithin the IEA framework
were invited.

Different views on energy storage — their poterdgmbell as their limits — were
discussed during the workshop. Also key issuesaitable ways of collaboration were
discussed. These results of these discussionsllasswiire next steps are outlined in
detail below.

As energy storage is the linchpin for the integratof Renewables in future and
increasing energy efficiency in all energy systeGiSRT supports this ECES initiative.

Participation

The organisation of the workshop was supportechbydommittee for Energy Research
& Technologies CERT. Peter Cunz, Chair of CERT ntem Halozan, Chair of EUWP
and the Irish delegate of REWP were participatimg meeting.

The following Implementing Agreements sent thgiresentative to the workshop:
* Ocean Energy Systems (OES)
» District Heating and Cooling (DHC)
» Greenhouse Gas (GHG)
» Solar Heating and Cooling (SHC)
* Photovoltaic Power Systems Programme (PVPS)
* Demand Side Management (DSM)
* Industrial Energy-Related Technology and Syste&E§S)
* Energy Technology Systems Analysis Programme (EJTSAP
» Energy Conservation through Energy Storage (ECES)
» Solar Power and Chemical Energy Systems (SolarPACES
e Heat Pump Programme (HPP)
» Electricity Networks Analysis, R&D (ENARD)

All presentations as well as the agenda of the slook are available on the ECES
webpage.

Summary of Workshop

The leading question of the workshop was “Do yoednenergy storage?”.
Presentations given by the Implementing Agreenaritss workshop highlighted the
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individual energy storage needs. The following usston made clear that it would be
very valuable to have a characterisation of théedént storage demands in order to
identify a suitable storage technology. The charasation should follow the list of
energy storage properties: Storage capacity (kW,H{kKgh/ms3), charging/discharging
power (W/kg, W/ms3), storage efficiency, storageogkftime), price (€/kWh, €/kw) and
storage cycles (per year, day...). Important forehenomical evaluation is the
question of competing technologies. What are adtéve solutions concerning the
storage technology itself and also concerning thimglete energy systems. For
example in the case of concentrated solar poweP]Qise energy can be stored as
thermal energy to allow a continuous electricitpguction. Storage of electrical
energy seems not to be an interesting alterna@omcerning complete system
technologies like PV or CCS power plants could halternative.

It was decided to provide templates to all relevamplementing Agreements and to ask
them to fill in their energy storage requirementsldoundary conditions. The results
will be the basis discussion for the next meetinifpis group. At this meeting the
guestion will be “What kind of energy storage doi y®ed?”. The result could be the
identification of suitable storage technologies grudsible synergies as well as better
focussed R&D activities and fruitful collaboratiamong the 1As. The next workshop is
planned for the end of January 2011.

An estimation of the future application potentisthe visibility of energy storage
technologies is most important. This can come fnational or international energy
scenarios, which allows calculating an overall stge demand. However, this has to be
subdivided further into electrical/thermal, centidistributed, high/low power output or
long/short term energy storages. It was proposestda a joint Annex activity by the
ECES and the ETSAP IA.

The participants agreed on the need for future evafion between the different
Implementing Agreements. Therefore one outpuiteoivibrkshop was titled “Concept
Development and best practice” and can be descrésefbllows. The main idea is to
develop a best-case scenario for a storage-basgérsyusing Renewables in the most
efficient way for a real situation in an emerginguatry and to realize this in a
demonstration project.

In order to reach this ambitious goal a strong exoe between the Experts from the
relevant IAs and the different levels within thélis necessary. The Technology
Platform could play an important role to enhance thalogue between Representatives
form the emerging countries, investors, politicat@dion makers and IEA experts.

The plan was approved to develop an energy systaeoept for a simplified situation
based on a real situation. This so-called “virtu@ncept” will form the basis for a first
workshop in the frame of the Technology Platforimis Toncept should demonstrate the
expertise of the IA experts and has to be theistpdoint to identify a real situation in
an interested country, e.g. non-IEA country.

In the next phase the boundary conditions and pleeifc demand and supply situation
have to be analyzed from the IA experts togethitr ndtional representatives. After
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Next Steps 2/2 ,

= Correspondence with Techn. Platform ECES Until Sept. 2010
= Developping virtual concept ECES Until June 2011
Other |IAs
= Organising workshop within the Techn. IEA/ECES  Until Nov. 2011
Platform Other IAs
ECES .
= Developping real concept Other |1As Until June 2012
= Organising workshop within the Techn. IEA/ECES  ntjl Nov. 2012
Platform Other |As
- Starting demonstration phase All Starting 2013
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Executive Committee Members

Belgium u

Delegate Bert Gysen
Vlaamse Instelling voor Technologisch Onderzoek, VITO
Boeretang 200
B-2400 Mol
BELGIUM
Tel.: +32 14 335 914 (5511)
Fax: +32 14 321 185
bert.gysen@vito.be

Canada lﬂ

Delegate Edward Morofsky
Public Works and Government Services Canada
Place du Portage, Phase Ill, 8B1
Gatineau, Quebec K1A 0S5
CANADA
Tel.: +1 819 956 3419
Fax: +1 819 956 3875
Ed.Morofsky@pwgsc.gc.ca

Alt. Delegate Frank Cruickshanks
Environmental Protection & Operations Directorate
Climate Change Section
45 Alderney Drive, Dartmouth
Nova Scotia B2Y 2N6
CANADA
Tel.: +1 902 426 6885
BB: +1 902 425 1731
Fax: +1 902 426 4457
Frank.Cruickshanks@ec.gc.ca

china

Delegate Xu Wei,
China Academy of Building Research -CABR
30# Beisanhuandonglu, ChaoYang District, Beijing
CHINA 100013
Tel: +86-10-8427-0105
Fax: +86-10-8428-3555
xuweil9@126.com

Alt. Delegate Zhang ShiCong,
China Academy of Building Research -CABR
30# Beisanhuandonglu, ChaoYang District, Beijing
CHINA 100013
Tel: +8610- 84270181

31




Fax: +8610-84283555

25¢2062198@yahoo.com.cn

Finland t

Delegate Juha Linden
Energy and Environment National Technology Agency of Finland (TE-
KES)
Kyllikinportti 2
P.O. Box 69
FIN-00101 Helsinki
FINLAND
Tel.: +358 40 5681795
Fax: +358 20 7227026
juha.linden@tekes.fi

Alt. Delegate Raili Alanen
VTT Energy and P&P
Tekniikantie 2, Espoo
P.O.Box 1000
FIN-02044 VTT,
FINLAND
Tel.: +358 20 722 5808
Fax: +358 20 722 7026
Raili.Alanen@uvtt.fi

France u

Delegate Elena Paloma del Barrio
Universités Laboratoire TREFLE/CNRS
UMR 8508
Esplanade des Arts et Métiers
F-33405 TALENCE cedex
FRANCE
Tel.: +33 556 84 54 04
elena.palomo@bordeaux.ensam.fr

Alt. Delegate Eric Peirano
Département "Energie Renouvellable"
ADEME
500 route des Lucioles
F-06560 Sophia-Antipolis
FRANCE
Tel.: +334 939579 34
eric.peirano@ademe.fr

Germany E

Chair Astrid Wille
Project Management Jilich
Division Energy Technologies
Forschungszentrum Jilich GmbH
D-52425 Jiilich
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Alt. Delegate

Japan

Delegate

Alt. Delegate

Korea

Delegate

Norway

Delegate

GERMANY

Tel.: +49 2461 61 2712
Fax: +49 2461 61 3131
a.wille@fz-juelich.de

Rolf Stricker

Project Management Jilich
Division Energy Technologies
Forschungszentrum Jilich GmbH
D-52425 Jilich

GERMANY

Tel.: +49 2461 61 1575

Fax. +49 2461 61 3131
r.stricker@fz-juelich.de

o |

Tadahiko Ibamoto
Tokyo Denki University
2-2, Kanda-Nishiki-cho
Chiyodaku Tokyo 101-8457
JAPAN
Tel.: +81 3 5280 3429
Fax: +81 3 3429 3264
ibamoto@cck.dendai.ac.jp

Xiaomei Li
Heat Pump & Thermal Storage Techn. Center of Japan
28-5, Nihonbashi
Kakigara-cho, 1 chome
Chuo-ku Tokyo
JAPAN
Tel.: +03 5643 2404
Fax: +03 5641 4501

li@hptcj.or.jp
& g
@

In-Hwan Oh
Energy and Environment Research Division
Korea Institute of Science and Technology
#39-1 Hawolgok-dong, Seongbuk-gu, Seoul,
REPUBLIC OF KOREA
Tel.: +82 2 958 5272
Fax: +82 2 958 5199
oih@Kkist.re.kr

1=
Kirsti Midttomme
Norges Geotekniske Institutt (NGI)

Postboks 1230 Pirsenteret
N-7462 Trondheim
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NORWAY

Tel.: +47 22 02 19 90
Fax: +47 22 23 04 48
Kirsti.Midttomme@ngi.no

Sweden =.=

Delegate

Turkey

Delegate

Alt. Delegate

USA

Delegate

Alt. Delegate
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Conny Ryytty
The Energy Technology Department
Swedish Energy Agency
P.O.Box 310,
S-69104 Eskilstuna
SWEDEN
Tel.: +46 16 544 2096
Fax: +46 16 544 2261
conny.ryytty@energimyndigheten.se

i
*

Halime Paksoy
Cukurova University
Faculty of Arts and Sciences
Chemistry Department
TR-01330 Adana
TURKEY
Tel.: +90 322 338 6418
Fax: +90 322 338 6070
hopaksoy@cu.edu.tr

Hunay Evliya
Cukurova University
Centre for Environmental Research
Chemistry Department
TR-01330 Adana
TURKEY
Tel.: +90 322 338 6361
Fax: +90 322 338 6361
hevliya@cu.edu.tr

Imre Gyuk
U.S Dept.of Energy
1000 Independence Ave
Washington DC 20585
USA
Tel.: +1 202 586 1482
Fax: +1 202 586 5860
Imre.Gyuk@ee.doe.gov

Lynn Stiles
Richard Stockton College
NAMS PO Box 195, Pomona



Sponsors:
IF Technology

Delegate

NJ 08240-0195

USA

Tel.: +1 609 652 4299
Fax: +1 609 652 4972
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