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Implementing Agreement

INTERNATIONAL ENERGY AGENCY
ENERGY CONSERVATION THROUGH ENERGY STORAGE

I mplementing Agreement

The Implementing Agreement (IA) started in 1978 and in the latest Executive Committee Meeting in
Berlin it was decided to ask for an extension for another five years starting December 2000. It has
now (1999) 14 members. Belgium, Canada, CEC, Denmark, Finland, Germany, Itdy, Japan, The
Netherlands, Spain, Sweden, Turkey, United Kingdom, USA. During the past year the Executive
Committee has worked intensvely to attract more countries to join the activities and to sgn the
Implementing Agreement. As a consequence Spain is the new member of the year and Audrdia,
Bulgaria, China, France, India, Isragl, Korea, Poland and South Africa have expressed interest to
participate in the activities of the Implementing Agreement.

The Executive Committee has finished the work on preparation of the Strategy Plan for the period
1998 - 2003, which mainly will be an update of the present Strategy Plan (1994-1997).

According to the Strategy Plan the objectivesfor the |A are:

" The overall objective of the IA on ECES is to develop and demonstrate various energy
storage technologies for applications within a variety of energy systems and to encourage
their use as a standard design option. Energy storage technologies can improve the utilisation
of renewable energies, in particular solar and wind and the greater utilisation of waste heat
energy storage technologies should be implemented in all countries with significant energy
storage market potential.”

The Executive Committee co-ordinates and leads the collaborative work in the annexes and the
Committee also takes an active part in various information activities such as workshops, seminars
and conferences.

The Executive Committee had two meetings during the year. The firs meeting was held in Lulea,
Sweden in June and in Berlin, Germany, in November.

The Lulea Mesting, June 1999
The most important items and decisions of the Lulea meeting are outlined below.
= New charman,vice chairmen and secretary were eected unanimoudy
=  Approva of annua report 1998
= Approvd of the secretariat cost based on three different levels
= Approva of the extenson for the find report of Annex 8.
= Approva of al progress reports of ongoing Annexes (8, 9, 10, 12, 13)
= Approva of the start of the new Annex 14 (Cooling in dl climates) Op.A. Turkey
= Encouragement to submit papers to Terrastock 2000
= Approva of the ECES Strategy Plan 1999-2003
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Implementing Agreement

= A group was formed to work on the homepage policy
= Brochure must be ready by November 1999

The Berlin Meeting, November 1999

The most important discussions and decisons are outlined below.

- Thegpprovd of therevised ECES IA
New countries of interest, Poland was an observer & this meeting.
Unanimoudy decided to ask for an extension for five years
Approva of budget for fisca year July 1,1999-June 30, 2000
Decigon on task definition phase for two annexes: Annex 15. Electricd energy storage and
integration of renewables, Annex 16. Engineering textbook on therma energy storage and
renewable energy
Approva of dl annex reports and the extenson of Annex 8
Decison to have ajoint ExCo meeting with IEA ECBCS A on November 8, 2000 in Tokyo
Fina form of the marketing brochure of ECES will be ready for TERRASTOCK'’ 2000
Conference
Cukurova University Center for Environmental Research will be the web master for ECES
homepage
A committee isformed to make a proposa about the information policy of ECES.
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Chairman’s Report

CHAIRMAN’'S REPORT

Halime Paksoy
Cukurova University, Turkey

Overview

The Implementing Agreement on (ECES) Energy Conservation Through Energy Storage started the
new millenium with a very wel organized Executive Committee Meeting in Berlin in November,
1999. A technicd tour to the Reichstag Aquifer Therma Energy Storage (ATES) Project was
redized in conjunction with this meeting. The delegates of the Implementing Agreement were very
proud to see that the efforts of German experts from ECES Annexes to introduce ATES concept to
Germany have led to this magnificient project. | congratulate dl the project team and Germany for
pioneering an example project for the world. The executive committee in Berlin concluded on-going
annexes and set a new definition and proposal for new annexes, introducing new information policy
of ECES and decisons on request for extension of the Implementing Agreement term for another five
years, as of December 2000. The meeting gave promises for a very active year with stronger
collaboration.

The new millenium brought about some changes. A new chairman, a new secretary, as well as a
revised Implementing Agreement with a common fund for the Implementing Agreement's
Secretariat's extra cost.

Two successful annexes: Annex 8 "Implementing Underground Therma Energy Storage Systems'
and Annex 9 "Electricd Energy Storage’ are coming to an end in 1999. Annex 8 was the source of
the on-going Annexes 12,13 and 14. At the Future of Annex 8 Workshop many new ideas for
annexes were brought up. One of these ideas Annex 16 “Engineering Textbook On Thermd Energy
Storage and Renewable Energy” were proposed at the 47" Executive Committee Meeting in Berlin.
Annex 9isafirg on eectricd storage and broadens the scope of the Implementing Agreement. The
new Annex 15 is proposed as a result of Annex 9. The find reports of Annex 8 and 9 will be
submitted in the next Executive Committee Meeting.

Annex 12 "High temperature underground thermal energy storage”’ has concluded its Phase | and
dated Phasell. The new Annex 14"Cooling in dl climates with thermd energy storage” initiated in
1999, carries agloba perspective that aims to spread the area of therma energy storage for cooling
gpplicaionsin the world.

Our Executive Committee has formed a committee, lead by Sweden to propose new information
policy of the Implementing Agreement. Thiswork may lead to anew online information platform.

A maketing brochure to increase the vighility of the Agreement is being prepared by The
Netherlands with input fromdel egates and operating agents.

3 IEA ECES Annua Report 1999



Chairman’s Report

The number of countries who signed the Implementing Agreement reached 14 when Spain joined.
We welcome Spain in our activities. The Executive Committee will continue its efforts  to increase
the number of participants.

New Activities
Electricd energy storage and integration of renewables (United Kingdom)
An online communication and information platform (Germany, Sweden, Turkey and United
Kingdom)
Engineering textbook on therma energy storage and renewable energy (Sweden)
Database formation and computer design (Sweden)

Internet Site

Updating of the internet Ste continues and new pages are added as needed. A calender for eventsin
2000 is the latest addition. In addition to the sections available to public, a password secured Ste
for use of Executive Committee was added. The new address for the dte is
http://cevre.cesam.cu.edu.tr/eces

Coordination with Other I mplementing Agreements

A joint ExCo meeting with ECBCS is going to be held in Tokyo, Japan on November 8, 2000.
Annex 14 have dso contacted other IEA activities about cooling and at the latest ExCo meeting a
presentation about ECBCS and SHC activities aout cooling were given. A workshop in
collaboration with Solar Heating and Cooling Implementing Agreement is aso being organized during
TERRASTOCK’ 2000.

Conferences and Workshops

= Annex 14, Cooling in All Climateswith Therma Energy Storage, June, 1999,

= Antaya, Turkey

= Annex 8, Future of Annex 8, June 1999, Lulea, Swveden

= Annex 10, PCM and Chemicd Reections for Therma Energy Storage, May 1999, Hddnki,
Finland, October 1999, Benedictbauern, Germany

= Annex 13, Design, Congruction and Maintenance of UTES Wells and Boreholes

= QOctober, 1999, Wedterville, Ohio

= 6" Internationd Batteries for Utility Energy Storage Conference, Gelsenkirschen, Germany,
September 1999

= TERRASTOCK’2000 8" International Conference on Therma Energy Storage, 28 Aug - 1
Sept, 2000, Stuttgart, Germany

= |EA-Workshop Advanced Solar Storage Technologies for Low Energy Buildings, 30-31%
August 2000, University of Stuttgart, Germany

= EESAT 2000 Electrical Energy Storage Systems Applications and Technologies, September,
2000, Florida, USA

Acknowledgement

| would like to thank Bjorn Sellberg, our former chairman and Bo Norddl, our former secretary for
their very successful service and efforts that lead to revitdizing of ECES IA with new activities and
countries. | would like to give specid thanks to operaing agents who have contributed to the
preparation of this report.
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Activities

ACTIVITIES

Workshops and Conferences

Wor kshops 1999

Annex 8, Future of Annex 8, June 1999, Lulea, Sweden

Annex 10, PCM and Chemicd Reactions for Therma Energy Storage, May 1999, Helsinki, Finland,
October 1999, Benedictbauern, Germany

Annex 13, Design, Congtruction and Maintenance of UTES Wells and Boreholes
October, 1999, Wegerville, Ohio

Annex 14, Cooling in All Climates with Therma Energy Storage, June, 1999,
Antalya, Turkey

Conferences 1999

6™ International Batteries for Utility Energy Storage Conference, Gelsenkirschen, Germany,
September 1999

Planned Conferences and Workshops

TERRASTOCK’ 2000, 8™ Conference on Thermal Energy Storage, 28 Aug-Sept 1, 2000
Stuttgart, Germany

IEA-Workshop Advanced Solar Storage Technologies for Low Energy Buildings, 30-31% August
2000, Univergty of Stuttgart, Germany

EESAT 2000, Electrical Energy Storage Systems Applications and Technologies, September 2000,
Forida, USA

Annex 14, Cooling in All Climates with Therma Energy Storage, November, 2000, Tokyo, Japan

Annex 10, PCM and Chemicd Reactions for Therma Energy Storage, November, 2000,
Stockholm, Sweden

Annex 15 Electrica energy storage and integration of renewables, 25-27 October, 2000.
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Annex 8

ON-GOING ANNEXES

Annex 8. Implementing Underground Thermal Energy Storage
Operating Agent: B. Nordell, Luled University of Technology, Sweden

1. Introduction

Objectives

The generd objective of Annex 8 is to conserve energy and improve the environment by speeding
the introduction of Underground Therma Energy Storage Systems (UTES) into the building,
industrid, agricultural and aqua-culture sectors.

At the gtart the annex had four participants Canada, Germany, Netherlands and Sweden. Later on
Belgium, Turkey, USA and Japan joined. Severd more countries have shown interest by attending
the experts meetings as observers (Audrdia, Denmark, Finland, Poland, Spain, and UK).

Subtasks

Originaly the annex consgted of five sub-tasks.
1 Evduation of Feasible UTESS Boundary Conditions (The Netherlands)
2 Environmenta Screening and Community-Based Development (Canada)
3 Demondtration Projects (Germany)
4 Design and Andysis Tools (Sweden)
5 Technology Trandfer to Appropriate Groups (Sweden)

Participants that joined the annex after the sart in May 1994 participated in the origind sub-tasks
but were dso given their own specific tasks. New participants with little experience of UTES
(Turkey, Begium, Jgpan) performed nationd potentid of UTES (economy, geology etc.) of ther
countries:

6 UTES Potentid in Turkey

7 UTES Potentid in Belgium

8 UTES Potentid in Japan

The USA contributed considerably to the subtask Technology Transfer by sharing experience from
the Geotherma Heat Pump Consortium (GHPC) work.

Duration

Initidly Annex 8 was planned for five years (from May 1994). Later this schedule was changed to
three years to follow the time schedule of ECES IA. When the |A was extended in Annex 8 went
back to its origind time schedule.

2. Activitiesin 1999
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Annex 8

During 1999 the fina annex 8 meeting was held on 10-11 June a Storforsen, Sweden. During the
following day a workshop was held on the future of Annex 8 where different scenarios for a
continued Annex 8 were discussed and dso new annex idess emanating from discussons within the

experts group.

Annex 6 — 7 resulted in Annex 8, which was a great network for information exchange. It was group
for fruitful discussions on new gpplications and systems. This network was helpful for new countries
in starting up new projects. The Annex group collaborated with other annexes within ECES 1A but
aso with other IAs. Annex 8 initiated three new annexes:

Annex 12, High Temperature UTES (HT UTES)
Annex 13, Design, Congtruction and Maintenance of UTES Wells and Boreholes
Annex 14, Coadling in All Climateswith TES

Indirectly Annex 9 on Electrical Energy Storage and Annex 10 on Phase Change Materids were
started because of Annex 8.

It was concluded that the Annex 8:
Made UTES known
Heped in implementation
Disseminated information
Collected and evauated modds, systems etc.

It was dso found that this work had been successful and important in speeding the UTES
development in participating countries,

Severd suggestions were discussed to organise continued work. A new UTES centre " Therma
Energy Storage Documentation and Information Network” was seen as the naturd continuation of
Annex 8. Other names were dso suggested: "TES for Agenda 21" and "TES Information and
Outreach Program”. Part of the work should include:

Education

Technology Trandfer

Workshops on Specific Topics

Subtask to find sources for funds

For the continued work five different areas were defined. It was dso suggested that some of the
experts would write annex proposds in these aress for future discussons within ECES IA. These
areas and experts were:
UTES Textbook (B Norddl): The idea was to write a comprehensive textbook on UTES. The
target group was engineering students and consulting engineers. This textbook would be based
on a Swedish textbook that has been used at Luled University of Technology during the last
fifteen years.
Database and Computer Design (G Hellstrom). Continued work on evauation and testing of
avallable modds. Databases for important UTES data should be made available via Internet or
CD.
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Annex 8

Marketing Activities and Industrial Collaboration (G Bakema).
Technica Innovation and New Devel opment (M Reuss).
Legd & Environmental Aspects (O Andersson).

Marketing Activitiesand
Indugtrid Collaboration (GB)

Datab d
cOmpZ?:an Technica Innovation &
Design(GH) New Development MR)
Textbook (BN) ] I;g;;lct 8S< (gl’R/)l ronmental
Annex 6 Info to non-Member Countries (XC) |
Annex 7

N}

Collaboration within IEA/EU/others
Influence on (OAs, XC, Others)
Annex 9-14

Fiaure. Annex 8 —influences and outcome.

Some of these annex proposas were presented at the ECES Executive Committee Meeting in Berlin
. The outcome of the discussion was summarised in graphic form as shown by Fig. 1.

After the find Annex 8 mesting the find report to the ECES |A Executive Committee was Hlill to be
completed. This report would summarise the history and result of the annex was not completed
during 1999. Some of the materid necessary to finish the work was not delivered.

3. Work planned for 2000
The plan for 2000 means that find Annex 8 report to the Executive Committee will be presented at
the autmn meeting in Tokyo, Nov 2000.

The work on the future annex proposals that were initiated att the Future Annex 8 workshop will
continue but outsde of the Annex 8 organisation. Since thiswork is performed by the Annex 8
experts there will still be some collaboration.

4. Publicationsin 2000
The find Annex 8 report isthe only planned publication during 2000. Then of course alarge number
of UTES paperswill be presented in August at Terratstock”2000.

5. 1994-1999 Experts Meseting
There was one Experts Meeting during 1999, the final meeting in Sweden. All meeting are ligted in
the Table 1.

Table 1. Annex 8 Expert's Mestings

XM | Location Date No. Participating countries
Experts

1 Uppsala, Swe 4-6 May 94 13 Swe,Ger,Can,NL + Fin,Bel

2 Arnhem, NL 7-9 Nov 94 11 Swe,Ger,Can,NL + UK ,Bd
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Annex 8

3 Freising, Ger 25-27 Apr 95 10
4 Adana, Tur 13-15Nov 95 10
5 Hdifax, Can 10-11 Jun 96 12
6. Leuven, Bel 27-29 Nov 96 15
7. Sapporo, Jap 13-14 Jun 97 18
8 Pomona, NJ, USA 23-24 Mar 98 13
9 Warsaw, Pol 17-19 Nov 98 14
10. | Luled, Sweden 10-12 Jun 99

Swe,Ger,Can,NL + Bdl,Tur
Swe,Ger,Can,NL,Bd,Tur + USA
Swe,Ger,Can,NL,Bel, Tur,USA + Jap
Swe,Ger,Can,NL,Bdl, Tur,USA + Jap,Fin
Swe,Ger,Can,NL,Bel, Tur,USA ,Jap,A + Pol
Swe,Ger,Can,NL,Bd, Tur,USA ,Jap + Pal
Swe,Ger,Can,NL,Bel, Tur,USA ,Jap + Pol,Den
Swe,Ger,Can,NI, Bel, Tur,Jap + Spa

6.National Contacts
The nationd contacts persons are listed below.

Bo Norddl, Operating Agent
Water Resources Engineering
L ulea University of Technology
SE-97187 Luled, SWEDEN

tel: +46-920-91000 (or 91646)
fax: +46-920-91697
Bo.Norddl @sb.luth.se
http://mww.sb.Iuth.se*bon

Goran Hellstrém, Secretary
Department of Mathematica Physics
Lund University of Technology

P.O. Box 118

SE-22100 Lund, SWEDEN

tel: +46-46-222-9091

fax: +46-46-222-4416
Goran.Hdlstrom@shogun.matfyslth.se
"Goran Hellgrom"

<neo.energy @swipnet.se>

Olof Andersson

tel: +46-40-167-214

VBB VIAK AB fax:+46-40-154-347
Geljersgatan 8 Olof . Andersson@sweco.se
S-21618 Mamo, SWEDEN

Burkhard Sanner tel: +49-641-99-36124 or -36100

Ingt. f. Applied Geosciences
Univerdty of Giessen

fax:+49-641-99-36109
Burkhard.Sanner@geol o.uni-giessen.de

Diezdtrasse 15

D-35390 Giessen, GERMANY

Manfred Reuss tel: +49-816-171-3462
Technische Universta Minchen fax:+49-816-171-4048

Bayerische Landesangtdt fiir Landtechnik
Vaéttingerstr. 36
D-85354 Freising, GERMANY

reuss@tec.agrar.tu-muenchen.de

Dorota Chwieduk

KAPE, National Energy Conservation Agency
35/41 Nowogrodzka Str, X1 floor

00-651 Warsaw, POLAND

tel: +48-22-622-2797
fax:+48-22-622-4392
Dorota Chwieduk <kape3@poczta.pol.pl>

Frank Cruickshanks

Environment Canada

Environmentd Conservation Branch

45 Alderney Drive

Dartmouth, Nova Scotia B2Y 2N6, CANADA

tel: +1-902-426-6885
fax: +1-902-426-4457
Frank.Cruickshanks@ec.gc.ca
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Guido Bakema tel: +31-26-4431-541
IF Technology b.v. fax:+31-26-4460-153
Frombergstraat 1 office@| F-tech.nl

P.O. Box 605 http:WWW xxlink.NL/IF-tech
6800 EA Arnhem, NETHERLANDS

Halime Paksoy tel:+90-322-338-6081
Cukurova Univergty fax:+90-322-338-6070
Faculty of Arts and Sciences hopaksoy @mail.cu.edu.tr
Chemigtry Department

01330 Adana, TURKEY

Hunay Eviiya tel: +90-322-338-6361
Cukurova University fax: +90-322-338-6361
Centre for Environmental Research evliya@mail.cu.edu.tr
Chemigtry Department

01330 Adana, TURKEY

Katsunori Nagano

Dept. Environmental Engineering

Faculty of Engineering

Hokkaido University

N13-WS8, Kita-ku, Sapporo, 060 JAPAN

Tel: +81-11-706-6285
fax: +81-11-706-6285
nagano@eng.hokudai.ac.jp

Kiyoshi Ochifuji, delegate

Divison of Urban Environmenta Enginesring
Graduate School of Engineering

Hokkaido Univergty

N13-WS8, Kita-ku

Sapporo, 060-8628 JAPAN

Tel:+81-11-706-6280
fax:+81-11-706-7890
ochifuji @eng.hokudai.ac,jp

Lynn F. Stiles

Richard Stockton College of New Jersey
Natura Sciences and Mathematics
Route 575, Pomona

New Jersey 08240, USA

tel: +1-609-652-4677,
fax:+1-609-652-4972 or 748-5515
LYNN.STILES@STOCKTON.edu

Paul Dirven

Vlaamse Ingdling voor Technologisch Onderzoek,
VITO

Boeretang 200

B-2400 Mol, BELGIUM

tel: +32 14 335 913 (5511)
fax:+32-14-321-185
dirvenp@vito.be
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Annex 9

ON-GOING ANNEXES

Annex 9: Electrical Energy Storage Technologiesfor Utility Network Optimization (Phase
2)
Operating Agent: J.N.Baker, EA Technology, United Kingdom

1. Introduction

The follow on, Phase 2, work programme for Annex 1X was unanimoudy voted into force at the
43rd Executive Committee meeting, held a IEA Headquarters, Paris, France, 4th-5th December
1997. The work programme itself had previoudy been worked up in a process of detailed
consultation with the previous (Phase 1) participants, during the latter haf of calendar year 1997.

The origind (Phase 1) work programme was concluded, December 1997, and the origina planning
cdled for a smooth transtion to Phase 2, with immediate effect, from January 1998 on. However, in
practice, many of the origind participant set quite correctly wished to appraise the outputs from the
first phase of the work, prior to committing to the follow on programme. This therefore led to the
actua gtart of Phase 2 being re-scheduled until March 1998 and, even then, with it being undertaken
on a part risk basis, in the absence of forma contractua commitments, from the full participant set.
Once darted, however, this seemed to encourage further participation and eventudly contractua
arrangements were concluded with the organisations as described in 2 below. At this stage further
organisations would dill be welcometo join.

2. Participation

Countriesjoining with EA Technology and the UK as participants are:-

Canada Hydro Quebec

Germany EUS GmbH

Netherlands KemaT&D, Novem

Sweden Elforsk

Fnland Helsnki Universty of Technology

Spain Iberdrola

USA Dep. of Energy (Sandia Nationa Laboratories), ILZRO

3. Work Programme

The main activities to date have concentrated on conducting the essentia preparatory groundwork,
associated with the retrospective applications case studies, the forward looking project definitions,
the collation/dissemination of information and the identification/initiation of complementary R&D
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programme activities. The firgt participating agents meeting was held a Chester in June preceding
the EESAT ‘98 conference. The second was held on 5th October 1998, co-incident with the Energy
Storage Association's Fal meeting in Atlanta Georgia, USA and the American Superconductor
Power Quality Workshop on the 8 October.

There has been some difficulty in obtaining some of the information for subtask 1 and 2, which has
led to a smdl adjusment in the timescaes for completing these tasks. This has been discussed with,
and agreed by the Annex participants and is not expected to affect the complete programme
timescae.

A plan to improve communications between the operating agent and participants involving better use
of electronic mail and telephone conferencing isto be put into operation

12 IEA ECES Annua Report 1999



Annex 10

ON-GOING ANNEXES

Annex 10. Phase Change M aterials and Chemical Reactionsfor Thermal Energy Storage.
Operating Agent: F. Setterwall, Royal I nstitute of Technology, Stockholm, Sweden.

1. Introduction

Annex 10 was gpproved during the Executive Committee meeting in Paris 4-5 of December 1997. It
was decided that the Department of Chemical Engineering and Technology at the Royd Indtitute of
Technology in Stockholm, Sweden should act as Operating Agent. The Annex will be in operaion
for a least 3 years.

The generd objective of Annex 10 is to solve technica and market problems for a better market
opportunity for therma energy storage systems utilisng Phase Change Materids (PCM) or chemica
reections in the building, the agricultural and the indudrid sector. The am is to broaden the
knowledgebase and disseminate information. The Annex 10 work will result in accomplished/initiated
case dudies and demondration projects related to potentia fields of application. This will be
accomplished in close co-opedaion with manufacturers, utilities, users and governmenta
organisations involved in dissemination of energy technologies.

Participants in the annex are Canada, Finland, Germany, Japan, Sweden and Turkey. Severd other
countries have shown interest in Annex 10, mainly Bulgaria, China, India, Poland, United Kingdom
and USA.

2. Activitiesduring 1999

During the year two experts meetings have been held combined with technica workshops. The first
mesting was held in Helsinki, Finland on the 26™ to 28" of May. The workshop was combined with
atechnicd vigt to the laboratory of the Finnish expert at the Helsinki Technical Universty showing
the test facilities for indoor climate utilizing Phase Change Materids for energy savings and pesk
shifting. The 20 participants were from Canada, Finland, Germany, Japan, Sweden and Turkey.
During the workshop was presented results from ongoing research in the participating countries of
the annex. In tota 7 presentations were made. The authors were from Finland (1), Germany (2),
Japan (1) and Sweden (1)

The second meeting was held in Benedictinerbeuer outside Munich, Germany on the 27" to 29" of
October. The 30 participants came from Canada (1), Finland (1), Germany (18), Japan (3), the
Netherlands (1), Spain (1), Sweden (3) and Turkey (2). 10 presentations were made with 7 from
Germany, 2 from Japan and 1 from the Netherlands.

The State-of-the-art reports over activities in the participating countries have been updated. The
reports include information about and description of active research groups and companies that are
producing or using therma energy storage. It aso gives contact information to the research groups
and companies as well as their recent publications.

13 IEA ECES Annua Report 1999



Annex 10

An Internet site has been produced. There will be a link to a specia page labdled “Companies
dedling with PCM and chemicd reactions for therma energy storage’. On this page you can find
links to homepages of the companies. The same will gpply to univerdties and research inditutes. All
companies or other organisations that wants to be linked to the Annex 10 homepage will be alowed
to join in return they will be asked to have a link to the Annex 10 homepage on their internet Ste.
There will dso be links to other Implementing Agreements or annexes related to annex 10, eg. Heet
Pumping Technologiess, Solar Energy, Buildings The homepage can be found a
http://Amww.ket.kth.se/ Avde ningar/ts'annex10/

Databases on materiads properties and on literature references have been made as well as fact sheets
on demondtration projects and on case studies performed within the annex.

A marketing brochure has been published in the beginning of 1999. It contains a description of
Therma Energy Storage by Phase Change Materids and by Chemica Reectionsaswell as
information on the scope and work of the annex and some generd information on IEA and on the
Implementing Agreement on Energy Conservation through Energy Storage.

3. 2000 Experts meeting
During the year 2000 experts meetings and workshops are planned for Japan in April and for
Stockholm in November

4. National contacts

Canada Prof. Dimitri Procos, Dalhouise Univerdty, Box 1000, Hdifax, NS, B3J2X4 Canada
Fnland Ka Sren, Helsnki Technicd University, Box 4400, 02015 HUT, Finland

Germany Andreas Hauer, ZAE Bayern, Dept 4, Box 440254, D — 80751 Munich, Germany
Japan Prof. Kazunobu Sagara, Mie University, Kamihama-Cho 1515, TSU 514, Japan
Sweden Fredrik Setterwall, Royal Ingtitute of Technology, S— 10044 Stockholm, Sweden
Turkey Halime Paksoy,Cukurova University, 01330 Adana, Turkey
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Annex 12

ON-GOING ANNEXES

Annex 12. High Temperature Underground Thermal Energy Storage
Operating Agent; Burkhard Sanner, Giessen University, Ger many

1. Introduction
The new annex on " High Temperature Underground Therma Energy Storage (HT UTES)" Phase 1,
was approved at XC43, December 1997.

Basad upon the results from previous |EA activities and ongoing R&D, the objectives of Annex 12
are to demondrate that HT-UTES can be attractive to achieve more efficient economica and
environmentaly benign energy systems, and to disclose requirements and find problem solutions for
reliable long-term operation. The type of UTES-systems concerned shdl be confined to Aquifer
Storage (ATES) and Duct/Borehole Storage (DTES).

High Temperaure in this annex refers to minimum storage loading temperatures on the order of 50
°C. Storage may be from short term (diurnal) to long term (seasonal), whereas "seasond” requires
the Store to yield energy recovery a least three month after end of the loading period.

2. Workplan
To achieve the objectives, severd activitieswill be carried out in two Phases:

Phase | (1.1.1998 - 30.6.1998)
State-of-the-art-review, system opportunities (from energy system side).

Phasell (1.1.1999 - 31.12.2000)

Long-term perspective and scenarios, environmental impact/benefits, development of design tools,
improvement in water trestment, choice of materia suited for high temperatures, and development of
test equipment, HT demo projects, design guidelines.

Theresults shdl be:

Phase:
Evduation and summary report of previous activities (state-of-the-art-report) and a report on R&D
needs and opportunities and recommendations for Phase 1

Phasell:
Ecobaance, annua reports, workshops, test equipment, design guide-lines/ tools

Participating Countries are Belgium, Canada, Germany, Netherlands, Sweden, Turkey (not al yet
confirmed); Operating Agent is Germany.
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The work started in January 1998, a first Expert's Meeting was held in Giessen, Germany, on June
17, 1998; a workshop and the second expert's meeting is scheduled for October 14-16, 1998, in
Lund, Sweden. Report to XC45 in USA, December 1998
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ON-GOING ANNEXES

Annex 13. Design, Construction and Maintenance of UTES Wells and Boreholes
Operating Agent: Olof Andersson, Lund Institute of Technology, Sweden

1. Introduction

Most UTES (Underground Thermd Energy Storage) concepts incorporae drilling one way
another. Furthermore some concepts are highly dependent on a proper well or borehole efficiency
to have an optima operational performance. Based on these statements, the main dojective with
the Annex isto make UTES technically safer and more cost effective.

This annex will cover aspects of testdrilling, well and borehole design, congtruction and monitoring
and maintenance of UTES gpplications. The main target is set upon aguifer and borehole systems
(in some countries refereed to as” open” and " closed or duct” systems).

Thefind god of the task isto work out aset of guideines covering the following subtasks.
How to gain accurate information of the underground properties by testdrilling (Subtask A)
How to design well or borehole systems properly (Subtask B)

How to congtruct wells or boreholes cost effective, safe and properly (Subtask C)
How to keep the storage systems functiond during operation (Subtask D)

Except the guiddines, the find result will dso contain a report that describes identified areas or
subjects that need further research and development.

The Annex is planned to be findised at the end of year 2001.

2. Activities 1999
The annex was planned during 1997 and eventually approved by the 43¢ EXCO Mesting in Paris
4-5 of December 1997. During 1997 the following events have been executed

The 3 Expert Mesting in Appenzdll, Switzerland, March 17-19
The 4™ Expert Meeting in Westerville, Ohio, USA, October 6-8

3. Achievements

All together ten countries have been represented in the Annex during the year 1999. These are
Belgium, Canada, Denmark, Germany, Japan, Netherlands, Sweden, Switzerland, Turkey and
USA.

During the expert mesetings, state-of-the-art information has been presented covering al subtasks.

In generd the organisation and co-ordination of the work has suffered from an unbaanced input of
information. The reason for this is that severd countries have had difficulties to obtain financid

17 |IEA ECES Annua Report 1999



Annex 13

support for the work. As a result, the work with the state of the art has progressed dower than
planned. However, the quantity and qudity of information input has been accurate to fulfil the
Annex god.

The publications from the Annex are redtricted to Minutes from the Expert Meetings. These
contain documentation from 35 presentations.

4. Workplan for 2000
The Annex will continue to work with the state of the art reports and the evaluation of materid.

Two new Expert Mesetings are planned where the state of the art and the evaluation stages shdl be
findised and the work with guidelines and R and D issues be sarted. The fird find date of the art
reports are expected to be ready at the very end of the year.

The Annex work will so be presented on severd conferences rlated to the drilling industry and
a Terrastock 2000 in Stuttgart.

5. Contact persons
Country co-ordinators are

- Bdgium, Bert Gysen (gysenb@vito.be)

- Canada, Frank Cruickshanks (frank.cruickshanks@ec.gc.ca)

- Germany, Burkhard Sanner (burkhard.sanner@geo-uni-giessen.de)

- Jgpan, Xiaome Li (li@host2.hptel-unet.ocn.ne.jp)

- Netherlands, Guido Bakema (office@if-tech.nl)

- Sweden, Olof Andersson (ol of .andersson@sweco.se)

- Turkey, Haime Paksoy (hopaksoy@mail.cu.edu.tr)

- USA, Jeff Spitler (spitler@osuunx.ucc.okstate.edu)

Two more countries are involved as observers. Contact persons for these are

- Denmark, Stig Sarensen (emcon@post10.tele.dk)

- Switzerland, Stefan Berli (fordith@fordith.ch)
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ON-GOING ANNEXES

Annex 14. Cooling in All Climateswith Thermal Energy Storage.
Operating Agent: Halime Paksoy, Cukurova University, Adana, Turkey.

1. Introduction

Annex 14 “Cooling in all Climates with Thermal Energy Storage’ has started operation within
the Internationd Energy Agency (IEA), Implementing Agreement on Energy Conservation through
Energy Storage (ECES IA) after being approved by the Executive Committee at the last (46")
Executive Committee Meeting of ECES IA in Lulea, Sweden on June 14-16, 1999. Cukurova
University Centre for Environmental Research Adana, Turkey acts as the Operating Agent.

The scope of the work is to improve the efficiency of energy usage (energy conservation) which is
vauable for the globd environment and economies in  both developed and developing countries.
Moreover, Thermd Energy Storage (TES), which provides the matching of energy supply and
demand, has been shown to contribute significantly in improving energy efficiency when compared to
conventiond energy systems. Such systems can dso increase the potentid of utilizing renewable
energy sources such as ambient cold air or waste hest.

The overd| objective of Annex 14 is to employ research, development and feasibility studies to
advance the prospects of cooling with TES technologies for gpplications within a variety of energy
sysems and climate conditions and to encourage their use as a standard design option. The Annex
will rely heavily on the activities and results of Annexes 6, 7, 8, 10 and 13 to encourage energy
efficiency and increased sugtainability of the globa energy resource by stimulating the expanded use
of TESininnovative, energy efficient and cost-effective projectsin participating countries.

Subtasks

m Sub-task 1. Conduct agenerd review of exising and emerging cooling with TES applicationsin
different dimates

m Sub-task 2. Evdudion of Feasble Boundary Conditions and System Configurations for
Cooling with TES

m Sub-task 3. Design and Andyss User-friendly Tools

m Sub-task 4. Determining potentid cooling with TES gpplications in different dimates

Duration
July 1999 — December 2000

2. Activitiesin 1999

Annex 14 First Workshop was held in Antalya, Turkey on the 4-5 June, 1999. The workshop was
sponsored and organized by Cukurova University Center for Environmental Research and Turkish
Scientific Research Organization (TUBY TAK). There were 18 participants from Canada, Germany,
Israel, Japan, Sweden and Turkey. 8 papers were presented in two sessions on June 4" from
Universities and Companies. The proceedings of the workshop has been produced on a CD ROM
by Cukurova Universty Center for Environmental Research and distributed to the participants.
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Annex 14 text was prepared based on the results from the pand discussion that was held on June 5"
during the workshop.

First Experts Mesting was held on 5-6 November 1999 in Sundsval, Sweden hosted by Lulea
University of Technology. A technica tour to the Hospital Snow Storage Project, which is the first
project of its kind in the world at Sundsvall was aso organized. This project can be a demonstration
project for Annex 14.

Op. A prepared awebpage for Annex 14 with address http://cevre.cu.edu.tr/annex14/.

A discussion group for Annex 14 participants on the internet is dso started by the Operaring Agent.
The purpose of this group is to enhance the communication in between the Experts Mestings.

3. Workplan for 2000
December 1999 — June 2000

Develop and evauate criteria for the determination of the boundary conditions of technicaly and
financidly feasible cooling with TES gpplications

Evauate possible sources of cold to determine which sources of cold are most gpplicable to
cooling with TES in different dlimates

Evduae and modify exiding planning and engineering tools for the anadysis, moddling and
verification of cooling with TES

Draft state-of-the-art-report

June 2000 — December 2000

Fina state-of-the-art-report

4. Publicationsin 1999
Draft state-of-the-art report for Canada
Draft state-of-the-art report for Japan
Draft gtate-of-the-art report for Sweden
Draft state-of-the-art report for Turkey
Annex 14 Firg Workshop, June 4-5, 1999, Antalya, Turkey, CD-ROM containing papers
presented at the workshop

5. 1999 Experts Meeting
- November 5-6, 1999 in Sundsvall, Sweden hosted by Lulea Universty of Technology and
Sweco

6. 2000 Experts Mesetings

- April 6-7, 2000 in Hdifax, Canada
August 2000 in Stuttgart, Germany
November 9-10 in Tokyo, Japan

7. National Contacts
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Sweden
Bo Norddll

Water Resources Engineering
Lulea University of Technology
SE-97187 Luled, SWEDEN

Td: +46-920-91646

Fax: +46-920-91697
Bo.Nordell@sh.luth.se

Kjel Skogsherg

Water Resources Engineering
Luled University of Technology
SE-97187 Luled, SWEDEN

Td: +46-920-91496

Fax: +46-920-91697
Kjell.Skogsberg@sb.luth.se

Fredrik Setterwall

Dept. of Chemical Engineering
and Technology

DIV. of Transport Phenomea
Royal Institute of Technology
100 44 Stockholm, Sweden

Fax: +46 81052 28
setter@chemeng.kth.se

Olof Andersson

VBB VIAK AB

Geljersgatan 8

S-21618 Mamé, SWEDEN

tdl: +46-40-167-214

fax: +46-40-154-347
OLOF.ANDERSSON @sweco.se

BoHe

Transport Phenomena

Dep. of Chemical Engineering and Technology
Royal Institute of Technology

Stockholm, SwedenTd. +46 8 7909480

Fax. +46 8 105228

bohe@Kket.kth.se

Goéran Hellstrom

Department of Mathematical Physics
Lund University of Technology
P.O.Box 118

SE-22100 Lund, SWEDEN

Td: +46-46-222-9091 (dt 188-660)

Fax: +46-46-222-4416

"G.Hellstrém" neo.energy @swipnet.se

Japan

Motoi Yamaha

Associate Professor, Dr. Eng.
Department of Architecture,

Annex 14

College of Engineering

Chubu University

1200 Matumotocho-cho, Kasugai,
Aichi 487-8501, Japan

Phone : 81 568 51 1111 ext. 2464
Fax :81568520134
yamaha@isc.chubu.ac.jp

Tadahiko Ibamoto

Professor, Dr. Eng.

Tokyo Denki University

2-2 Kanda-nishiki-chou, Chiyoda-ku,
Tokyo 101-8457, Japan

Phone: 81 35280 3429

Fax :8133294 3264
ibamoto@env.a.dendai.ac.jp

Canada
Frank Cruickshanks

Environment Canada

Environmental Conservation Branch
45 Alderney Drive Dartmouth

Nova ScaotiaB2Y 2N6, CANADA
tel:+1-902-426-6885
fax:+1-902-426-4457
Frank.Cruickhanks@ec.gc.ca

Edward Morofsky

PWGSC, A& ES Technology
Manager RDD

Place du Portage

Phaselll, 8B1

Hull, Quebec K1A 0S5, CANADA
tel: +1-819-956-3419

fax: +1-819-956-3400
MOROFSKE@PWGSC.GC.CA
RDDI@TECH-ENV.COM

Turkey

Derya Dikici

Cukurova University
Faculty of Artsand Sciences
Chemistry Department
01330 Adana, Turkey

Td: +90-322-338-6418

Fax: +90-322-338-6070
ddikici @mail.cu.edu.tr

Hunay Evliya

Cukurova University
Faculty of Artsand Sciences
Chemistry Department
01330 Adana, Turkey

Td: +90-322-338-6418

Fax: +90-322-338-6070
evliya@pamuk.cc.cu.edu.tr
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Halime Paksoy
Cukurova University
Faculty of Artsand Sciences
Chemistry Department
01330 Adana, Turkey

Td: +90-322-338-6418

Fax: +90-322-338-6070
hopaksoy @mail.cu.edu.tr

Bekir Turgut

Gukurova University Centre for Environmental
Research 01330 Adana, Turkey

Tel:90 322 3386084-2998

Fax: 90 322 3386361

annex14@mail.cu.edu.tr

Annex 14
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Annex 15

PROPOSED ANNEXES

Annex 15. Electrical Energy Storage and the I ntegration of Renewables
Alan Coallinson, EA Technology, UK

1. Introduction

Electricd energy storage is widdly recognised as a key emerging technology, likdy to find
widespread use within dectricity generation, transmission, didtribution and supply networks as well
as other mgor industrid and commercia end user gpplications. In 1996, the developing interest in
electrical energy storage resulted in the establishment of a collaborative work programme under the
auspices of the International Energy Agency (IEA) Implementing Agreement on Energy Conservation
through Energy Storage (ECES). ldentified as Annex 9 of that agreement, it involved the
participation of Governmentd and non-Governmental organisations in the UK, US, Canada,
Germany, Netherlands, Siveden, Finland and Spain.

The benefits of bulk energy storage applied to the increasing levels of embedded generation,
especidly from new and renewable sources, are being increasingly recognised. Annex 15 is anatura
development borne out of the previous Annex 9 work programme, focusing specificaly on the issues
of dectricd energy storage and how it can be used to assst in the successful conservation of energy
by the integration of new and renewable energy sourcesinto existing electrical networks.

Aims & Objectives

It is a dated objective of this work to move storage systems towards commerciad market
implementation, via the mechaniam of technology and applications demondrators.  Whilg it is
beyond the scope of Annex 15 to implement an actuad demondgtration project, it is fully intended thet
much of the necessary groundwork will be covered within the project to make a demongtration
project the next logicd step in dectrica energy sorage system market development. Such a move
towards market uptake will represent a sgnificant advance in the gpplication of storage systems,
permitting their very red benefitsin terms of improved integration of renewables to be redlised.

Work Programme Definition Workshop

A Programme Definition Workshop will be held in Spring 2000 which will provide the platform for
pulling together the Annex 15 participants. The workshop will dso provide prospective participants
with adirect opportunity to shape the detail of the Annex 15 work programme. Whilst the detail of
the work programme will be defined a the workshop, key issues which will be addressed by Annex
15 indude-

the need for storage from a renewables perspective
modelling of network/renewables/storage interaction
implementation strategies for storage-based solutions
the costs of storage

the benefits of Storage

dterndivesto Sorage
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Timescales;

Workshop: “Electrical Energy Sorage and the Integration of Renewables’ To
take place April/May 2000, venue: mgjor European City

Annex 15:  Work Programme to be presented at 48" Executive Committee
mesting, with aview to commencing the project in July 2000.

Benefits

Annex 15 is seen as a key enabling mechanism in moving the gpplication of energy storage to the
integration of new and renewable energy sources sgnificantly closer to market redisation. Key
elements of this strategy include the moddling of the interaction between the dectricity network and
the energy source as well as producing targeted educationd and promotiond materia to increase
awareness of the growing potentia of energy storage-based solutions.

For further information, contact the project manager, Dr Alan Collinson, a

EA Technology, Capenhurst, Chester, UK, CH1 6ES.
Tel: +44 (0)151 347 2396

Fax: +44 (0)151 347 2135

email: abc@estl.co.uk

www.egtechnol ogy.com

More information on this initiative will dso soon be available on the ECES Webste at:-

http://cevre.cu.edu.tr/eces
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PROPOSED ANNEXES

Annex 16. Engineering textbook on thermal energy storage and renewable ener gy
Operating Agent: B. Nordell, Lulea University of Technology, Sweden

Background

Thermd energy storage has, during the last few decades, grown from small-scde pilot tests to an
important technology for the future. It is benign to the economy and the environment and it is the key
technology for the large-scale utilisation of renewable energy sources. A number of countries are
collaborating within the framework of IEA, in the Energy Storage Implementing Agreement (ECES
IA), to develop and to speed-up the introduction of these technologies.

The dtatus of the energy storage technologies varies in different countries. In most countriesit is never
consdered but in some countries it is a natura option for space heating and space cooling. There are
many reasons for this difference but one conclusion drawn by the experts of Annex 8 (ECES IA)
was that lacking engineering education is one explanation.

Even in countries where energy storage technologies are commonly used only a few experts know
how to design the systems. To speed-up the extended use of energy storage technologies the design
procedures must be included in engineering education. There is a demand of a good textbook to
disseminate the knowledge now concentrated at a few ingditutes and companies. We have only found
one textbook —in Swedish and a Luled University of Technology for 15 years now. The intention of
this annex is to use this exigting text as a bads for a new improved and extended textbook in English
for engineering students and consulting engineers. As a second stage of this annex we have the vision
to develop an Internet based course on energy storage.

Objectives

The overd| objective of the annex is to write and disseminate an engineering textbook on Thermd
Energy Storage and Renewable Energy. The target group should be engineering students and
consulting engineers.

The vison for a second stage of this annex is to develop an Internet course based on the textbook.
One suggestion is to present the course in three levels of education:
1/ Generd. 2/ Engineering. 3/ Scientific.
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Means and Activities

The new textbook will be written in English. It will be based on an dready exigting textbook®
originadly written in Swedish and used & Luled University of Technology (LTU) The LTU course has
been given during the findl (5™) year in civil engineering for dmost 15 years.

The Swedish textbook was trandated into English during the spring of 1999. This was made to
enable internationa collaboration in rewriting and updating the current book to meet requirements in
different countries. Consequently, given examples must picture the sitution in different countries and
climates. Environmenta benefits of the technology must be included.

In the new textbook different technologies should be described as part of a system. Smple design
rules, detailed design calculaions and modelling should be trested.

Definition of the potential reader groups
As a firg gep the potentid readers must be defined. Should the content be divided into different
levels of information? Generd, Enginearing and Scientific information?

Detailed list of contents
During the second step the content or the scope of the textbook will be defined. What kind of
renewable energy sources should be included? Therma or/and other types of renewable energy?

At this stage we dso have to decide which types of storage systems that should be treated. Seasonal
storage and short-term storage? Therma storage and PCM? Underground storage? Geothermal
energy? ATES, BTES, CTES? Show Storage?

Review of current literature

So far we have not found any other textbook covering our field of interest but there are of course
many textbooks and papers with vital information for the annex, e.g. environmental agpects must be
congdered. For this we have to define keywords for a literature search, perform the search and dso
collect information from the participating group of experts.

Layout
The layout of the textbook should be decided before the actua work of writing starts. It is of great
importance that everybody engaged has avison of the fina work.

Writing and Proof-reading

Mog of the avallable project time will be spent on writing and proof reading. Here we should aso
find good pictures of current projects to beincluded in the text. This part requires electronic
communication to speed-up the process.

During this stage of the annex we must make good design problems to be solved by the reeder.
These problems must be relevant in different countries and climates.

'/ Nordell B, Soderlund M (1998). Natural Energy Sources and Energy Storage. 2™ revised edition. Department of
Environmental Engineering, Luled University of Technology. Sweden. pp. 132.
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At the end of thistask we aso have to consder next stage of the annex, the development of an
Internet course based on the textbook.

Project Management and Reporting

Itis proposed that the work of the

Annex is carried out on a task-share IEA basis.
The proposed organisation structure is |
shown in Figure 1. The Operating ECES
Agen'_[ will have astrongq position Executive Committee than
what is normally the casein most | other
annexes. Thisis because of the very ;
specid project. Operating Agent

Lule& University of Technology
A good textbook requires an all- [ [ I
pervading style. Neverthdess the | Experts | |Experts | | Experts| | Experts| | Experts|
experts are of utmost importance for the
result of the annex. Figure 1. Proposed Organisation Structure.

Operating Agent

Lulea University as Operating Agent will supervise and co-ordinate the activities of the Annex. They
will be responsible for the progress of work in order to fulfil the objectives within the time scales of
the Annex.

The Operating Agent will report to the Executive Committee twice ayear a the Committee meetings
on the progress and results of the work performed.
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On completion of the Annex, dl participating experts will disseminate the textbook through suitable
nationa activities (i.e. seminars, promotion, marketing etc)

Luled University of Technology is familiar with IEA procedures and is therefore well suited to
undertake the role of Operaing Agent. Luled Universty of Technology is dso experienced in
teaching the content of the textbook.

Participants

Each Participant shdl contribute to the completion of task shared activities in terms of collaborative
effort.

Each Participant shall make its best efforts to provide the Operating Agent with any information and
data requested to fulfil the objectives of the Annex.

It is estimated that the level of collaborative effort required to complete the work of the Annex will
be atotal of 24 man months of which haf is estimated for the Operating Agent.

Results

The deliverables of the Annex are:
Engineering Textbook on Therma Energy Storage and Renewable Energy.
Nationd activities for dissemingtion.
A new annex proposal to establish an Internet based education on thermal energy storage.

Time Schedules
This Annex shdl run for two years (June 2000 — June 2002). The Internet will be used for mogt of

the information exchange but a some occasions there must be some time in Experts Mestings, for
round-table discussions and presentations of idess.

M eetings Date
1 Kick-off Meeting

Potential readers and scope Jun 2000
2 | 1" Experts Meeting

Current literature, Layout Dec 2000
3 | 2" Experts Meeting

Writing and Proof-reading Jun 2001
4 | 3Experts Meeting

Writing and Proof-reading Dec 2001
5 | 4"Experts Meeting

Final Writing and Proof-reading

National activitiesto promote the textbook

2" Stage: Internetbased course June 2002

Leve of Effort
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The leve of collaborative effort required from the Participants to complete the task activities of the
Annex is estimated to atotal of about 24 man months. The mgor work must be in the hand one
person, the Operating Agent. For that reason the Operating Agent is assumed to need 6 man months
per year while the other experts are assumed to contribute with 1-2 man months per year.

Participants

During the Workshop on the future of Annex 8 (June 1999) severa of the participants plus Spain
showed grest interest in the writing of this textbook. As a result of these discussons the experts of
the following countries should to be interested: Belgium, Canada, Germany, Netherlands, Spain,
Sweden, Turkey, and Japan. USA was not attending the mesting.

Information and Intellectual Property

Itisof vitd importance to have amutud understanding and agreement upon the strategy for rights to
intellectual property of the textbook
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STRATEGIC PLAN 1999 - 2003

Preface

This drategic plan of the Executive Committee outlines the scope and gods of the IEA-Energy
Storage Programme for the next 5 years (1999-2003). The paper has been compiled after intensive
discussons a two workshops aranged in conjunction with the regular Executive Committee
Meetingsin 1998. The find document was approved by the Executive Committee in Spring 1999.

The drategy plan will serve as the basic working document to guide the future work of the Executive

Committee and will aso provide a comprehensve summary for other Committees of the IEA and

for the |IEA-secretariat. More detailed information on the Storage Programme, especidly for a
public audience is published in Conference Proceedings /1/, annua reports and Annex status reports
of the Executive Committee, Annex brochures and on the Internet-Website of the IEA-Energy

Storage Programme /2/.

Structure

Introduction

Motivation

Misson

Vison

Objectives and Strategies

Market Opportunities and Barriers to Market Deployment
Collaboration with other Executive Committeg’s
Achievements

. Scope and Workplan

10. Proposed Future Activities

11. Participation

12. References

©CoNoUWDNE

Appendix: Current Annexes
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1. Introduction

Energy storage technologies are a strategic and necessary component for the efficient
utilization of renewable energy sources and energy conservation. There is a great
technical potential to substitute for burning fossil fuels by using stored heat that would
otherwise be wasted and by using renewable generation resources. These energy sources
can be used more effectively through the addition of short and long term energy storage.
Thermal and electrical energy storage systems enable greater and more efficient use of
these fluctuating energy sources by matching the energy supply with demand. Thermal
energy storage can also be used for cooling to reduce or eliminate the demand for
electricity, including the most expensive electrical energy that is generated during
periods of peak power demand.

The Implementing Agreement on Energy Consarvation through Energy Storage was established in
1978 with the objective to facilitate international cooperation on research, development and
demondration (RD&D) of new, innovative energy storage technologies. Energy storage technologies
are rdevant in many |EAImplementing Agreements, especidly in the building and transport sectors
related to the Working Parties Renewable Energies and End Use Energy. Cooperation with these
IEA Executive Committees is becoming more and more important in order to achieve the system
integration and implementation of storage technologies.

2. Motivation

In 1973, after thefirg ail criss, highest priority was given to improving the ener gy security of highly
indugtridized countries. At tha time, many countries were completely dependent on imported ail.
Today the situation has changed. The dependence on imported oil continues, but the rate of growth
of petroleum products is dowing, and chegp fossl fuds are currently avallable. However, the further
unlimited use of fossl fuels is causing a steady increase of energy-related CO,-emissons into the
eath's amosphere. This may lead to changes in the world dimate in the medium and long term.
Additiondly, the use of conventional mechanicad cooling utilizing ozone depleting substances (ODYS),
such as CFC and HCFC refrigerants, is also amgor concern.

In December 1997, the Parties to the UN Framework Convention on Climate Change agreed to
the terms of the Kyoto Protocol. This higoric agreement sats legdly-binding greenhouse gas
emission objectives over the period 2008-2012 for industridlized countries. The energy sector, from
supply to end use, is responsble for the mgority of greenhouse gas emissons in the developed
world, through the combustion of fossl fuds and the emissons of CO,, N,O and CH,, three of the
Sx gases covered by the Protocol.

Many governments have committed to reduce CO, emissons into the amosphere. They have
decided to drengthen their nationd efforts to increase the deployment of energy conservation
technologies and utilization of renewable energy sources. So far in most indudtridized countries,
renewable energy sources contribute only margindly to satify energy demand. Thisis due to severd
reasons, in particular because new energy systems are not yet economicaly competitive with the
combustion of foss| fues, long term rdidbility is not yet proven, and there are ill some regulatory
and market barriers which have to be overcome. Therefore, further attempts have to be made to
resolve these issues. This is especidly true for many new energy storage technologies and concepts
that have not yet been implemented on alarge scale in the market.

The Executive Committee on Energy Storage haes the following misson and vison for the
Programme:
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3. Mission

To research, develop, implement, and integrate energy storage technologies to optimize
energy utilization by improving overall energy efficiency and economic growth while
benefiting the local and global environments.

4.\Vision

Energy storage technologies are able to contribute significantly to energy efficiency, the
global environment, and economic growth. Therefore it is envisoned that over the next
decade the IEAProgramme on Energy Storage will continually broaden the scope of its
activities by undertaking research and technology development, technology transfer
activities and the prototyping and deployment of near-market ready and market ready
technologies. Moreover, the effective matching of energy supply with energy demand
through systems integration will be emphasized, as will the expansion of collaborative
actionswith all interested countries and other I mplementing Agreements.

5. Objectives and Strategies of the Programme

The Energy Storage Programme is technology, environment and market oriented. The man
objectives are:

TECHNOLOGY: Advance the development of therma energy storage technologies utilizing
waste, renewable or ambient energy sources to supply space heating, space cooling and process
cooling to achieve ggnificantly improved energy efficiency and codt-effectiveness. Research and
develop dectricd energy storage technologies and systems that integrate batteries, flywheds, and
other storage media with power eectronics and controls to enhance energy security and facilitate
increased use of renewable energy sources. We will provide a forum to facilitate the internationa
exchange of information and experience on energy storage research, development, project
goplications, fidd trids and products. We will advocate that adequate design information on
innovative energy dorage technologies is made avalable to intereted groups in indudry,
government, and academia.

ENVIRONMENT: Evduate and document the many environmenta benefits of energy storage and
ensure that potential environmenta problems are directly addressed and avoided by sound technica
andyss and design techniques. We will involve nationa and regiond environmenta agencies in our
work to ensure that energy storage meets the present and future requirements of these agencies. We
will rase the level of awareness and understanding of energy storage technologies, epecidly their
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environmenta benefits, and advocate that impartia technica information is made avallable to dl
stakeholders involved in the implementation of energy storage.

MARKET: Encourage the required steps be taken to achieve the proper application of proven
energy sorage technologies world-wide in the commercid, industrid and agricultural sectors. We
will focus our communications efforts on the world market players including design engineers,
architects, building owners, developers, governments, regulatory agencies, dectric utilities, and
community leaders. We will encourage the use of renewable energy sources to cool nonresidential
buildings in a post-CFC world; develop methods to integrate energy storage technologies into
community-based systems; and develop effective resdential cold storage techniques that avoid the
use of conventiond chillers in moderate climates. Heating and cooling gpplications are part of the
market, but economic and technica limitations indicate that cooling is the firgt priority, followed by
combined cooling and hegting, and lastly heating. We will develop and encourage deployment of
electrical storage with renewable generation technologies where market conditions favor off-grid
implementation (many developing countries and remote locations world-wide). Short-term eectrica
sorage will be investigated to improve power qudity and rdiability in dl types of commercid
endeavors. Longer duration eectrica storage will be consdered for pesk shaving, sysem sability,
and improved asst utilization in utility networks.

In generd, we will establish and strengthen new and exidting internad and externd internationa
networks that may result in increased implementation world-wide of many energy Sorage
technologies.

6. Market Opportunities and Barriers to Deployment

As with many other renewable energy and energy saving technologies, energy storage technologies
offer great market potentia in the long term, but the present implementation isimpeded by sgnificant
barriers.

The most important factors have been identified by the Executive Committee:
Market Opportunities

Great energy saving and fossl fud subgtitution potentid.
Opportunity to assist in meeting CO, emissons targets.

Market deployment will create new jobs.

Enhanced energy security through the use of storage technologies.

Threats and Challenges

Energy storage technologies are not dways cost-effective based on energy savings.

High initid cods

Avallability of chegp fossl fuds.

Nationd regulations of groundwater protection often impede the implementation of aquifer
therma energy storage.

Percaived high technicd and financid risksfor the owner.

Lack of knowledge and the need for education.
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Strengths and Weaknesses
The most important factors are;

Strengths
Direct and immediate technology transfer between the participating countries.
Increased research capacity by combining research efforts.
International network of experts.

W eaknesses
Lack of sufficient funding for RD& D of therma and dectrical energy storage sysems.
Early demondtration plants had overly optimistic expectations and were not highly religble.
Cooperation is mainly research-oriented, there has been poor or insufficient involvement of
indudtry.

7. Collaboration with other Executive Committees

Closer cooperation among the relevant Executive Committeesis essential, especidly for the Storage
Programme. Storage technologies have to be integrated with the total system and have to meet the
specific technical and economic requirements of the application. Integrated system concepts that
include storage technologies have to be developed to achieve an optimal cogt-effectiveness and
energy saving potentia. Therefore the Executive Committee will intensfy the cooperation with other
Executive Committees in the future. One way this will be done is by joint workshopsto identify new
cooperdive joint activities. Close collaborations will be edablished in the Resdentid and

Commercid Sectors especidly with the following Programmes:
- Solar Heeting and Cooling

Energy Conservation in Buildings and Community Systems

Heat Pumping Technologies

Didtrict Hesting and Cooling

Demand Side Management (DSM)

Photovoltaic Power Systems

Superconductivity

8. Achievements of the Programme

So far, great progress has been made by the Programme to achieve its objectives. The

main results are;

A reliable data and information base on various energy storage technologies and concepts has
been established by internationd reviews of the state of the art, assessment and market studies,
and congruction and monitoring of pilot and demondration plants.

The technica as wdl economic risks to implement new energy storage technologies have been
reduced.
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Nationd and internationd guidelines have been developed for the implementation of ground and
aquifer storage systems to avoid environmenta risks and to facilitate ingtalation by loca water
authorities.

Design tools and computer models have been developed and are being used now by engineers
for the planning and design of new energy systems that include energy storage technologies.
Technology transfer and information dissemination have continued with the sponsorship of
workshops and international conferences, including the series of Internationd Thermd Energy
Storage  Conferences (Enerstock’85, Jigastock’88, Thermastock’91, Caorstock 94,
Megastock”97) and the Electrica Energy Storage Conference (EESAT 98).

Deployment of low temperature aguifer storage facilities for heating and cooling on alarge scaein
various countries, e. g., Belgium, the Netherlands, Swveden, the United States of America,
Switzerland and Germany.

Close cooperation with other Implementing Agreements (e. 9., Solar Heating and Cooling,
Buildings and Community Systems, Heaet Pumping Technologies) has been established to avoid
duplication of effort and to dign the Energy Storage Programme with the interest of other
|EAProgrammes. Cooperation within the Future Building Forum has been initiated.

Internet homepages of the IEA-Energy Storage Programme and  various Tasks has been set up.
New member countries (Japan, Spain, Turkey, UK) have been attracted. Other countries
(Bulgaria, Poland, Switzerland) are interested in participating in the Programme.

9. Scope and Workplan

The Executive Committee condtitutes a forum of Senior Nationd Programme Managers and Experts.
It fulfills the following tasks:

Task Management (Appendix)

Coordination of nationd activitiesamong participating countries
Information dissemination by eectronic Journds and Internet Websites
Organization of International Conferences and workshops

Evduation of the State-of-the-Art technologies.

Until recently, the Storage Programme was mainly focused on therma energy storage technologies
for the heating and cooling of buildings because this sector offers the largest energy saving and
subgtitution potentid in northern countries. However, eectricd energy storage systems are aso
important for the dabilization and optimization of dectricd energy systems as wel as for the
utilization of renewable energy sources, in paticular in photovoltac and wind energy sysems.
Therefore, the End Use Working Party recommended that the scope of the programme be
broadened to include eectrical and other energy storage technologies.

In January 1995 an IEAWorkshop on Energy Storage was held in Montred to examine the
opportunities and interest of cooperation in storage technologies that the 1A had not previoudy
covered in the Programme. As aresult of the workshop, two new Annexes were initiated:

Annex 9: Electrica Energy Storage Systems and Network Optimization.

Annex 10: Phase Change Materids and Thermochemical Storage.

In 1998, the IA was extended by the Energy End-Use Working Party for 3 years until the end of
the year 2000. So far twelve Annexes have been carried out, and seven of them have adready been
completed successfully (Appendix 1).
Specid R&D activities on energy storage systems have been carried out in the context of other IEA
programmes, e. g.,

Solar PACES: (High temperature therma storage systems for solar therma power plants).
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Solar Hesting and Cooling: Task 16 - Photovoltaics in Buildings (Survey: Battery Storage
Systems), Task 14 and Task 26: Advanced Solar Heating Systems (hot water storage).
Photovoltaic Power Systems.

Heat Pumping Technologies.

Didrict Hesting and Cooling.

10. Proposed Future Activities

The proposed future activities are largely extensons of the previous and present work of the
Programme. Various topics and activities will be continued in order to achieve successtul
implementation of storage technologies. The following list includes the activities that will be examined
by the Executive Committee.

Follow-on to Annex 8: Implementation of underground therma energy storage.
Follow-on to Annex 9: Rilot and demondration eectrica storage plants. Develop consortia and
explore funding mechanisms to redlise demonsgtration schemes within areasonable time scale.
Evauation of dectrica storage systems for use with renewable resources and demongtration of
the environmental benefits of reduced greenhouse gas emissons.
Research dectrica energy storage for competitive dectricity supply markets and determine the
economic advantages of storage for pesk shaving, capital equipment deferrd and frequency
regulation applications.
Annex 14: Cooling in dl dimates with therma energy storage systems (Task Definition Phase).
Short term cold storage for DSM (demand side management)
Comprehensive evauation of the environmental and indoor consequences of energy storage by
reviewing present nationa efforts and development of a validated methodology.
Role of thermd energy storage in increasing the energy efficiency of building HVAC systems such
as combined with closed-loop building heat pump systems and desiccant-based cooling systems.
Cooperation with the IEA Building and Community Systems, Heet Pumping Technologies and
Solar Heeting and Cooling IAswill be useful.
Evauation of the benefits of hot and cold storage with heat pumps, especialy the advanced
generation of heat pumps, in collaboration with the Heat Pump |A.
Study the potentid for water remediation efforts usng energy storage through community or
aquifer-based planning of large-scde energy supply systems with the objective of assgting the
implementation of energy storage in a systematic manner.
Organisation of Internationa Conferences, workshops and symposia

TERRASTOCK-2000 (August 2000, Stuttgart, Germany)

EESAT 2000 (September 2000, Orlando, Florida, USA)

Workshop on Advanced Solar Therma Energy Storage (October 1999, Freiburg,

Germany) in collaboration with the Solar Heating and Cooling Programme.
Publication of the dectronic journd: Underground Therma Storage and Utilization /2/.
Publication of Programme and Annex brochures and reports on Internet /2/.
Continuous evauation and preparation of state-of-the-art reviews.
Joint efforts should be initiated to implement new energy storage technologies in al countries with
an interest in storage or with a sgnificant energy storage market potential.

11. Participation
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The following countries and corresponding organizations have signed the IEA Energy Storage
Implementing Agreement:

Begium, Minidry of Economicd Affars

Canada, Public Works Canada

Commission of the European Communities

Denmark, The Minigtry of Energy

Finland, Technology Development Centre TEKES

Germany, Forschungszentrum Jilich GmbH

Italy, Ente per le Nuove Tecnologie | "Energiael” Ambiente (ENEA)

Japan, Heat Pump & Thermd Storage Technology Center of Japan.

Spain, IBERDROLA

Sweden, The Swedish Council for Building Research

The Netherlands, The Netherlands Agency for Energy and the Environment (NOVEM)

Turkey, Cukurova Universty, Adana

United Kingdom, EA Technology

United States of America, Department of Energy.

Bulgaria, Poland and  Switzerland presently participate in various Tasks and have sent
representatives to the Executive Commitee meetings. These countries are expected to become
sgnatory countries of the Implementing Agreement on Energy Storage.
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Appendix: Current Annexes

Annex 8: Implementing Underground Therma Energy Storage Systems.

Aims to speed the introduction of Underground Therma Energy Storage in the building, industrid
and agricultura sectors. It will encourage the adoption of energy storage in standard project designs
by developing procedures and tools based upon documented gpplications in various energy efficient
systems. Screening and decison tools will be provided to ensure ecologicaly sendtive applications.
Sweden is providing the Operating Agent. The Annex has been extended into 1999.

Duration: 1996-1999, Oper ating Agent: Sweden.

Annex 9: Electrical Energy Storage Systems and Network
Optimization.

The overdl objective of Annex 9 is to encourage the greater uptake of eectric energy storage
systems on utility and associated distribution networks, thereby dlowing the full energy savings,
operationd efficiency and environmental benefits to be redised. The priority areas to be addressed in
the short and medium terms include the application of eectricd energy storage systems in the
following aress--

- integration with renewables and non-despatchable power sources

- power qudity/qudity of supply

- asH management

- deferment of capacity additions

The scope of work includes the following dements-
- retro-spective case studies

- forward looking project definitions

- network gpplications modelling

- information collation and dissemination

- formation of drategic R&D partnerships
Duration: 1996-1999, Operating Agent: UK

Annex 10: Phase Change Materials and Thermochemical

Reaction Systems

The objectives of Annex 10 are to solve technical and market problems for increased market
opportunities for therma energy storage systems utilising phase change materias (PCM) or chemica
reactions and to broaden the knowledge base and disseminate technica information.

Research will be carried out to find solutions to the difficulties in using PCM or chemicd reactions for
therma energy storage. In paticular, research into system analysis will be pursued in order to
diminate market barriers for implementing the technology in resdentid, commercid, industrial and
agricultura sectors. The action will be executed in close co-operation with manufacturers, utilities,
users, governmental representatives and organisations involved in the development of energy
technologies.

Annex 10 will result in completed case studies and demondtration projects related to potentia
gpplications. Furthermore, it should produce generd recommendations for the energy industry and
more gpplication-oriented R & D activities with increased participation by industry, manufacturers,
and other stakeholders
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Duration: 1998-2000, Oper ating Agent: Sweden

Annex 12: High-Temperature Underground Therma Energy Storage (HT-UTES)

In contrast to Annex 8, this Task dedls with the storage of heat at temperatures above 50 °C. The
stored hesat can be used without a heat pump. HT-UTES il is not yet widdy used, but might alow
further gpplications e.g., in didrict heating, in waste heat recovery, in solar hesting, etc. The type of
UTES-systems concerned shall be confined to Aquifer Storage (ATES) and Duct / Borehole
Storage (DTES). The Annex is being carried out in two Phases.

Phase | (1.1.1998 - 30.06.1999)

Basad upon the results from previous |EA activities and ongoing R&D, the objectives of Annex 12
are to demondrate that HT-UTES can achieve more efficient, economica and environmentaly
benign energy systems, and to disclose requirements and find  solutions for religble, long-term ope-
ration. A date-of-the-art-review has been completed dong with the identification of system
opportunities.

Phase |l (1.10.1999 - 31.12.2002)

Based on the conclusions and recommendations of the Phase | review, the necessary R&D efforts
will beinitiated and demongtration plants erected, monitored and evaluated. Long-term scenarios will
be invedtigated; environmenta impacts and benefits will be examined; design tools and guiddines will
be developed; water trestment methods implemented; and materid suited for high temperatures
tested.

Duration: 1998-2001, Operating Agent: Ger many.

Annex 13: Design Construction and Maintenance of UTES Wells and Boreholes.
Most UTES (Underground Thermal Energy Storage) concepts incorporate drilling one
way another. Furthermore some concepts are highly dependent on a proper well or
borehole efficiency to have an optimal operational performance.

This Annex will cover aspects of test drilling, well and borehole design, construction and
monitoring and maintenance of UTES applications. The main target is set upon aquifer
and borehole systems (in some countries refereed to as “open” and closed or duct”
systems).

The final goal of the task is to work out a set of guidelines covering the following
subtasks.

How to gain information of the underground properties by test drilling (Subtask A)
How to design well or borehole systems properly (Subtask B)

How to construct wells or boreholes cost effectively, safely and properly (Subtask C)
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How to keep the storage systems functional during operation (Subtask D)

Duration: 1998-2000, Operating Agent: Sweden

Annex 14: Cooling in All Climates with Thermal Energy Storage

(Task Definition Phase).

The overdl objective of Annex 14 is to employ research, development and demongtrations to
advance the prospects of therma energy storage (TES) technologies for gpplications within a variety
of energy systems in various climate zones and to encourage their use as a Standard design option.
The Annex will rely heavily on the activities and results of Annexes 6, 7 and 8, to encourage energy
efficiency and increased sustainability of the globa energy resource by simulating the expanded use
of TESininnovative, energy efficient and cost-effective projectsin participating countries.

Duration: 1999 Start of the Task Definition Phase, Operating Agent: Turkey.
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END-OF-TERM-REPORT (September 1997 — December 2000)

BACKGROUND AND SUMMARY

The Implementing Agreement (IA) dtarted the activities in 1978. At the EUWP meeting in April
1995 the 1A reported activities and plans for the future. In April 1997 the EUWP and dso the
CERT endorsed an extension of the IA to the end of the year 2000. Findly the Governing Board
decided in thisway in September 1997.

The Executive Committe of the ECES IA has produced annua reports since the sart of the ECES
IA. The Reports were printed since 1992. Strategic Plan for the period 1998 — 2003 has been aso
produced and approved by the Executive Committee in December 1998 (See attached document).
Since the latest Executive Committee meeting, in November1999, the IA has the following annexes
in operation:

Annex 8: Implementing Underground Thermd Energy Storage. Started May 1994.
Termination date May 2000. Operating Agent: Sweden

Annex 9: Electricd Energy Storage for Utility Network Optimisation. started July  1996.
Termination date May 2000. Operating Agent: United Kingdom.

Annex 10: PCM and Chemica Reections for Thermal Energy Storage. Started December 1997.
Operating Agent: Sweden.
Annex 12: High Temperature Therma Energy Aquifer and Duct Storage. Phase 2 darted
December 1999. Operating Agent: Germany.
Annex 13: Design, Congruction and Maintenance of UTES Wells and Boreholes. Started
December 1997. Operating Agent : Sweden.
Annex 14: Coaling in All Climates with Therma Energy Storage. Started June 1999. Operating
Agent Turkey

Annexes (8-14) are to be completed by the end of 2000, except for Annex 12 Phase 2. Annexes
under preparation are:

Electrical energy storage and integration of renewables (United Kingdom)

An online communication and information plaiform (Germany, Sweden, Turkey and United
Kingdom)

Engineering textbook on therma energy storage and renewable energy (Sweden)

Database formation and computer design (Sweden)

New annexes are important continuations of the work or/and new strategic projects coming up from
current annexes.

The following countries are now active in the Implementing Agreement on Energy Conservation
through Energy Storage: Belgium, Canada, CEC, Germany, Japan, The Netherlands, Spain,
Sweden, Turkey, United Kingdom, USA.. Finland has recently activated their membership. Denmark
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and Itay have dgned the IA but are passve a the moment. Audrdia, Bulgaria, China, France,
India, Poland, South Africa and Switzerland have expressed interest to participate in the activities of
the IA. Audrdia, Bulgaria, France and Poland have sent observers to recent Executive Committee
meetings.

This end of term report shows the situation as of March 2000, plans for the rest of the year 2000 are
aso included.

A. NATURE AND OBJECTIVES
Tasks/Annexes
1. Currently active Tasks/Annexes, their starting dates and expected compl etion dates;

Annex 8: Implementing Underground Therma Energy Storage. Started May 1994.
Termination date May 2000. Operating Agent: Sweden

Annex 9: Electrical Energy Storage for Utility Network Optimisation. started Jduly  199.
Termination date May 2000. Operating Agent: United Kingdom.
Annex 10 - PCM and Chemica Reactions for Thermal Energy Storage. Started : December
1997; Completion : December 2000.
Annex 12 - High Temperature Energy Storage. Phase 1, Started : December 1997; Completion :
December 1999. Phase 2, Started : December 2000; Completion : June 2002
Annex 13 - Desgn, Congruction and Maintenance of UTES Wells and Boreholes. Started :
December 1997; Completion : December 2000.
Annex 14: Cooling in All Climates with Thermal Energy Storage. Phase 1, Started : June 1999,
Completion : December 2000.

2. Tasks/Annexes completed in the period covered by the End-of-Term Report (September
1997 - December 2000):

Annex 8: Implementing Underground Therma Energy Storage. Started: May 1994;
Completion: April 2000. Operating Agent: Sweden

Annex 9: Electricdl Energy Storage for Utility Network Optimisation. Started @ July 1996;
Completion : November 1999. Operating Agent: United Kingdom.

Annex 10 - PCM and Chemica Reactions for Thermal Energy Storage. Started : December
1997; Completion : December 2000.

Annex 12 - High Temperature Energy Storage. Phase 1, Started : December 1997; Completion :
December 1999.

Annex 13 - Desgn, Congruction and Maintenance of UTES Wells and Boreholes. Started :
December 1997; Completion : December 2000.

Annex 14: Cooling in All Climates with Thermal Energy Storage. Phase 1, Started : June 1999,
Completion : December 2000.

3. Tasks/Annexes currently being prepared.
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Electricd energy storage and integration of renewables. Planned sarting date: July 2000;
Panned completion date: June 2002 (United Kingdom)

An online communication and information platform (Germany, Sweden, Turkey and United
Kingdom)

Engineering Textbook on Therma Energy Storage and Renewable Energy (Sweden)

Database formation and computer design (Sweden)
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Nature of Work

4. Describe the nature of the |A's activities in relation to the following headings.
a) Information exchange about independent activities

Information exchange takes place in series of International Therma Energy Conferences, organized every
three years. At the Megastock *97, 7" International Conference on Thermal Energy Storage, there was a
collaborative presentation between Germany and US on Borehole Therma Energy Storage (BTES)
gpplied on cold storage in Central Europe and the US. These were followed up by a computer workshop
and a presentation at the 2 Stockton Conference in March 1998. Forma information exchange aso
takes place during the series of Electricd Energy Storage Systems Applications and Technologies
(EESAT) Conferences.

b) Informal co-ordination or initiation of activities by participants

IF Technology and the Netherlands have worked in helping US (especidly the State of New Jersey)

in desgning Aquifer Thermd Energy Storage (ATES). In particular, New Jersey has drict

environmentd regulations not origindly desgned for this use of the aguifers. Experiences from the
Netherlands are transferred to US on this issue.  Another informa co-ordination activity was a
seminar on Cooling in Telecommunication Stations that was given in Isanbul on May 6, 1999 by
experts from Sweden and Turkey. Informa groupings of Annex 9 participants and others have been
formed to develop proposds for the European 5th Framework Programme.

¢) Formal co-ordination or initiation of activities in different countries, through shared tasks
and information exchange, to achieve shared objectives

Most of the formal activities are performed through annexes, workshops etc. based on task-shared

and task/cost-shared basis.

d) Formal co-ordination or initiation of activities based on sharing the costs of mutually

agreed projects

The ExCo meetings have information exchange from each of the participating countries on the
agenda at every meeting. Japan and Poland are carrying out a collaborative project on Phase
Change Materids funded by their governments.

Which (one or more) of these is the most important?

All activities are important al together. The main dement of the Program is the international co-
operation within Annexes.

5. Indicate the main technology areas or issues currently being investigated within the
Agreement.
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Underground Thermd Energy for Heating and Cooling has been the dominant technology during the
1990's (before 1995). The main technology areas/issues addressed by annexes are for Annex 8:
from US perspective; Marketing of GHP/UTES systems. Included in this sharing Marketing research
and programs of the Geotherma Heat Pump Consortium (GHPC) and setting up an Electronic
Journal. For Annex 9:
gpplication of eectricd energy storage systems
Integration of renewables and non-despatchable power sources
moaddling
cost/benefit ratios
sysem technologies, including: battery storage, flywheds, capacitors, SMES, compressed
ar/hydro and fud cdll/dectrolyse sysems.
For Annex 12: Optimisation of heat supply to buildings and processes by storing hesat at eevated
temperature levels for longer time.
For Annex 13:
to improve the methods for test drilling and geodata collection
to develop the procedures and define the criterias for well and borehole design
to define and partly develop drilling and completion drilling methods for UTES gpplications
to identify UTES operationd problems and to develop preventive methods
For Annex 14: Cooling technologies with thermd energy storage in different climates.

6. Indicate additional technology areas or issues that are potentially within the scope of the IA.

Since the beginning of 1995 - the Montreal Workshop - the scope of work has extended to
Electricd Storage (Annex 9), PCM and Chemicd Storage (Annex 10), designing, construction and
mai ntenance aspects ( Annex 13) and Low Temperature Storage (Annex 14).

7. Are there plans to add any areas or issues to the actual work of the 1A? If so, which ones?

Further gpplications of the studied technologies. Further project proposals are endorsed continuousy
by the ExCo. The added tasks ae the edtablishment of an eectronic journd, an online
communication and information platform, writing a textbook on themd energy storage and
renewable energy. Another example is experimental work on subjects related to borehole heat
exchangers and clogging processes of wells.

Objectives

8. What are the objectives set out in your Agreement?

"The overdl objective of the Implementing Agreement on Energy Conservation through Energy
Storage is to develop and demondrate various advanced energy storage technologies for
goplications within a variety of energy sysems and to encourage their use as a standard design
option. Energy storage technologies can improve the utilization of renewable energies, in particular
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solar and wind and the greater utilization of waste heat. Energy storage technologies should be
implemented in al countries with a Sgnificant energy storage market potentia”.

9. Are the objectives that are actually being pursued different from those set out in the
Agreement? If so, why and in what ways?

The work is consgtent with the objectives set forth in the agreement.

10. Do you regard the objectives as currently appropriate?

Yes, in principle. According to the new Strategy Plan (1999-2003) the main objectives with respect
to technology, environment and market are dso given.

11. In this light, is the technology area covered by your Agreement adequately defined? Should
it be more concentrated? Or broadened?

Before the Montred-Workshop in January 1995, EUWP asked the |A to broaden the scope of
work. Additional technology areas and issues can broaden the technology area covered by our
Agreement. See dso question 6.
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B. PARTICIPATION

1. List the Countries and organisations participating in the Implementing Agreement and
specify in which Annexes they participate. Categorise participants according to government,
industry, academic or other.

Countries and organisations (Contracting Parties) participating in the Implementing Agreement on
Energy Conservation through Energy Storage:

Bdgium Minigtry of Economic Affairs. Governmenta. Annex 8, 12, 13.

Bulgaria Interest in Annex 10

Canada Public Works. Governmenta Agency. Annex 8, 9, 10, 12, 13, 14

CEC DG XIlI. No participation at the moment, but will reectivate its
participation

Denmark Ministry of Energy . No annex participation a the moment.

Finland TEKES. Governmenta Agency. No annex participation at the
moment. Interest in Annex 9, 10

Germany Forschungzentrum Jilich, GmbH. Governmental Agency. Annex
8,9, 10, 12, 13

Italy ENEA, Governmental Energy Research Agency. Passive member.
No annex participation

Japan Heat Pump and Therma Storage Technology Center of Japan.
Indudtrid and Governmental Agency. Annex 8, 10, 13, 14

Poland Interest in Annex 10

Spain IBERDROLA Annex 9

Sweden The Swedish Council for Building Research. Governmentd
Agency. Annex 8, 9, 10, 12, 13,14

Switzerland Interest in Annex 13

The Netherlands NOVEM, The Netherlands Agency for Energy and the

Environment. Governmental Agency. Annex 8, 9, 10, 12, 13
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Turkey Cukurova Univerdity, Adana. " Academic’. Annex 8, 10,
13, 14.

UK Ea Technology. Consultancy Company. Annex 9

USA US Department of Energy. Annex 8, 9, 13.

Within the Annexes research inditutes, engineering and industria companies (e.g. €ectric utilities,
manufacturers) and government work together to develop and demonstrate new energy storage
technologies.

Member Countries

2. Are there IEA Member countries with relevant activities that do not participate in the
Agreement? In your view, what is the main reason why they do not participate (e.g., lack of
funds, lack of interest, have not been approached, etc.)?

Audrdia, France, and Switzerland have expressed interest to participate in the activities of the IA.
Audrdia and France have sent observers to recent Executive Committee meetings. We work with
promation activities but have not reached the ultimate god yet. Switzerland, for example, is not
paticipating in ECES IA ye, in spite of their long experience and many activities. The main reason
for not participation for some of these countriesislack of funds.

3. Is there scope for intensifying the involvement of Member countries, so that the 1A’'s

objectives can be better met? If so, please provide suggestions on how the involvement could be
strengthened.

Yes. The best thing to ”sdl” the IA according to our opinion is to work with attractive annexes and
information activities. Storage is important in today’ s and tomorrow’ s energy System.

Non-Member Countries

4. Which, if any, non-Member countries (NMCs) participate in the 1A?

Poland, Bulgaria,China, India, South Africa, South Koreg, Isradl and New Zedand have shown
interest in different annexes. Poland and Bulgaria have sent observers to recent Executive
Committee mestings, but they have not Sgned the Implementing Agreement, yet.

5. Has NMC involvement led to special experience and insights for the IA?
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Yes. Every country contributes with new experiences, epecidly developing countries have differing
requirements and economics.

6. In your view, is there scope for the 1A and for IEA headquarters to further promote NMC
participation in selected areas in which important technology transfer opportunities exist? If so,
what should be done?

Y es. Endorsement of promotion and open attitude from the IA’s to NMC's. Contacts with NMC-
countries are very helpful to ”sharpen the eye’ for specid needs. Activities to promote participation
of NMC by ECESIA can be summarized as.
Genegrdtion and digribution of information through workshops, seminars, conferences.
(Workshop in Bulgaria, Seminar in Poland, Participation in Conference in India by a group of
delegates and experts from annexes).
A Committee is formed within the ExCo to seek financid resouces from internationa funding
organizations to involve developing countries in ECES activities
In the last ExCo mesting a proposa on creating a pre-lEA network was done.  The ExCo
gpproved this proposa. The purpose of the network is to facilitate for NMC to participate in
the work of the Implementing Agreement on Energy Conservation trough Energy Storage. The
network will primarily be a network on Internet to exchange information on ongoing activities in
different countries with regard to energy storage. The network will aso serve as a mean to find
partnersfor joint efforts in research, development and gpplication of energy storage systems. The
network will serve as a mean for technology transfer between countries advanced in the field of
energy storage and those less advanced. It will also promote joint work and in that way increase
the speed of development of the area. The network will consst of persons from universities,
governementa bodies, industries and other interested partners.

Other Participants
7. Isindustry involved in the 1A's activities? If so, how does this occur? Please comment in
relation to the following headings:

a) Participation in the Executive Committee and its Tasks/Annexes

Indugtry is involved especidly in the Taskg/Annexes (Annex 9, but dso in the other annexes).
Different "rules’ in different countries. See dso question B1.

b) Attendance at technical meetings or seminars

Yes. Exanple There has been a large involvement of Utilities Manufacturers and Design
Professonds a the conference a Stockton in March 1998 and over 180 from this segment
participated a the first meeting.

c) Participation in activities as a partner (i.e., contributes to the choice of activities)

Yes More or less a rule in Annex 9. The indudry is directly involved in the various activities.
Nationd Team paticipants have been activdy involved in the various activities of the Annex,
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including the successful programme of Experts meetings and in response to the various technica
guestionnaires etc.

€) Participation as supplier of equipment

Yes. Ground Source Heat Pump Consortium has supplied reports on Design Tools, Marketing and
Education for Designers.

8. Are other types of users (other than government) involved in the IA? Please use the
previous headings to comment

Yes seequestionBland 7.

9. How is the involvement of industry and other non-governmental users developing? Are
there any factors in the background that constrain industry’s participation (e.g., competition in
markets for equipment, changes in outlook of public sector corporations due to actual or
expected privatisation, other aspects of government policy)?

Industry involvement is increasing in the annex work and dso a workshops. Industrid involvement is
sometimes difficult, in particular where rapid return of money is not expected. It varies according to
technology and the market position of a certain technique in the countries. In annex 12, for example-
according to the OA - it is expected to be easier in the Netherlands and Sweden and consulting
companies from these countries are involved for some years. The monetary contribution from the
companies, is however, not dways a reciept of their involvement in the project work. In Canada, in
particular, R& D on amore academic level hasto be strengthened to offer promising prospects to the
industry and thus to attract their participation.

10. Does the ExCo see scope for increased industry participation and are there plans for its
development in the next term?

We bedieve s0 indeed. For ingtance, industry can be involved to a larger extent in demongtration
projects.
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C. ACTIVITIES

Mestings

1. Please indicate the numbers of meetings of various types (under the headings shown
below) organised by the Agreement during the present term and the average numbers of
people attending.

a) Executive Committee meetings

The Executive Committee mesetings are normally held twice a year. Average attendence during last
three meetings has been 25 people.

b) Technical meetings and workshops

Annex experts meetings 2-4 times a year, about the same with workshops. Annex mestings attendence is
about 12 and associated workshopsis 40 people.

For Annex 9 (Phase 1) Experts Mestings

Batteries | Experts Mesting June 1996 >25 attended
Fud Cedll/Electrolyser Experts Meeting November 1996 13 attended
Hywheds Experts Meeting November 1996 9 attended
Power Conversion/Capacitors Experts Meeting  February 1997 12 attended
Batteries || Experts Mesting March 1997 21 attended
SMES Experts Mesting March 1997 16 attended
Utility Requirements | Experts Mesting December 1996 >40 attended
Utility Requirements |1 Experts Mesting March 1997 22 attended
Moddling | Experts Meeting June 1997 9 attended
Moddling Il Experts Mesting September 1997 5 attended

Annex 9 (Phase 2) Experts Mestings
June 1998 (Chester, UK)
October 1998 (Atlanta, USA)
June 1999 (Stockholm, Sweden)

For Annex 12, two experts meeting during 1998 are redlized, with some 8 participants, and one
workshop for up to 30 people. In addition nationad workshops will be organised to collect the
information for the International State of the art review.

For Annex 13
- Preparatory Workshop, Paris December 1997 15 attended
- Workshop Stockton, USA March 1998 14 attended

- Expert Mesting, Giessen, Germany  June 1998 11 attended
- Expert Meeting, Malmo, Sweden  October 1998 26 attended
- Expert Mesting, Appenzell, Switz. March 1999 12 attended
- Expert Meeting, Westerville, USA  October 1999 18 attended

For Annex 14 (Phase 1)
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First Workshop June 1999 16 attended
First Experts Mesting November 1999 17 attended
Second Workshop April 2000 30 expected
Second Experts Mesting April 2000 15 expected

¢) Seminars and conferences (open to non-participants as well as IA Participants)

One Internationd Therma Energy Conference is organized every three years. Usualy about 100
papers and 200 attendees. The latest one MEGASTOCK ‘97 was in Sgpporo in 1997 with about
400 delegates. The next one will be in TERRASTOCK’2000 in Stuttgart, Germany. Expected
number of participants are about 200 and 133 abstracts have been presented so far. A workshop in
collaboration with Solar Heating and Cooling Implementing Agreement is aso being organized during
TERRASTOCK’ 2000.

Stockton Conference in March 1998, c.f question B 7 b).

EESAT '98 Electricd Energy Storage Systems Applications and Technologies (Chester, UK, June
1998),140 delegates. EESAT 2000 (planned for Florida, USA, September 2000), target 100-200
delegates. 6" Internationd Batteries for Utility Energy Storage Conference, Gelsenkirschen,
Germany, September 1999, approximately 100 delegates. Seminars are organized 1 - 2 times a
year (See question C 1 b).

Costs of Agreement

2. What are the annual costs of the ongoing collaboration? Please provide values for the most
recent full budget year available. If you do not know exact amounts, please provide ranges.
Specify your estimates in the three areas below.

a) Size of the 1A common fund (cost-sharing of administration and jointly-funded activities)

A common fund is established to fund the secretriat function as of June 1998. The maximum annua
budget for the Secretariat is set each year by the Executive Committee, acting by unanimity, based
on adetailed proposal from the secretary. The most recent budget (1999-2000) is as follows:

Cost (US9)

= Saftime 20000
*  Printing 500
= Pogdage 1000
»  Teephone/Fax/Internet 1000

= Dataprocessng 2500
»  Trave/Subsigtence 4000
=  Saionary/Copying 500
= Miscdlaneous 500
Tota 30000
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The annud contributions of the Contracting Parties is set according to the following scae of
contributions:
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Country Cost Fraction
Canada, Germany, Japan, UK, USA 4000 8/60
The Netherlands, Sweden 2500 5/60
Belgium, Denmark, Finland, Spain, Turkey 1000 2/60

Annex 9 has been a combination of task share and cost share activity. The cost share activities for
Annex 9 both Phase One and Phase Two required a budget of £150,000 each whilst the task share
activities for both phases required an input of between one-third and three times the equivalent
national contribution to the common fund from each of the Participating Agents/Participating
Countries.

b) Sze of in-kind contributions to co-ordinated projects (task sharing)

Most of the annexes are run on task-sharing or combined cost/task-sharing bass. Also difficult to
cdculate are the reports from the GHPC as wdl as the sum of the cods of traveling. Annex 12
(1998): One person month is required from each participating country for the internationa co-
operation within the Annex.

¢) Annual value of the work about which significant information is exchanged (i.e., how much
activity is actually linked by this Agreement? For this item it will be useful to ask each ExCo
Delegate to provide an estimate of the level of national activities in his/her country that are
linked through the Implementing Agreement.)

Difficult to cdculae. The Internationa collaboration is, in many cases, integrated with nationa
activities. Annua value of work for Sweden is expected to be $200,000 — 400,000 Per year.

Example from the Stockton Conferences. Tota cost more than $ 200,000 to put on together. the
monitoring results of the RSC UTES project - the total research funds for monitoring is in excess of
$ 1.2 million. Above that there are anumber of smaller projects connected to various activities.

Example: EESAT ‘98 is planned as the mgor open access dissemination event for the Annex 9 and
isto be saf supporting financialy, open to both participants and non-participants.

For annex 12; relevant work linked to the annex in Germany approx. USD 100.000 .

Example: Additiond value of the benefits of the information exchange is the collaborative projects

and student and other personell exchange program. Examples from Turkey:

- Collaborative project for feasibility study of ATES to a Hospital was realised by task-sharing and
financia support from Nationd project resources.
Student exchange is financed by internationa Scholarship programs. PhD student vigiting the
Technica University of Luled, Sweden to study cold storage and one geologica engineering
Sudent visiting VBB/VIAK, Mamo, Sweden, for training in pump testsin ATES and modelling a
the Technicad Universty of Lund, Sweden.
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Dissemination of Results

3. How are results of the IA's work disseminated (e.g., conferences and meetings, reports,
publications, direct participation of industry and users, other ways)? Please provide a list of
publications of the 1A during the term under review.

A ligt of publications is attached to each annua report during the period. Please, refer to these ligts.
Annex 9 published a report for most of the experts meetings, and each participating agent was free
to distribute the report within their own country, according to their nationd agreements. Additiondly,
conference proceedings are available for EESAT 98 and the 6" International Battery conference and
are generaly avalable from the conference organisers. During Phase 2 of Annex 9, severd task-
specific reports were compiled, including an applications case study report , a project definition
report and an energy storage modelling report. Two spreadsheet based moddls for eectrical energy
storage were developed during phase one and a stand-aone power qudity-related model was
developed during phase two of the work.

Proceedings from the Stockton Conference in 1998 formed the first issue of the Electronic Journd.
The IA has a web ste. A specid Task of the Executive Committee Member is the nationa
dissemination of the IEA activities and results.

Other means of dissemination are Conference proceedings, Internet, Publications, Workshop
Proceedings, State of the Art reports

4. Do you have vehicles for increasing the visibility of the Agreement (e.g., marketing
brochures, publications, newsletters, World Wide Web pages)? If so, please describe them.

The ExCo and annex 8, 9, 10 and 14 have home pages. An “Annex 9" web sSite was pioneered during
phase one of the project, and a more eaborate web Ste was established during phase 2, which contained
both publicly accessable pages and restricted access pages. However, the web dte is not a replacement
for brochures and publications, it is complementary. The anex 9 has aranged an Internationa
Conference in June 1998 (see above) to introduce a forum for information and discussion of the results
and activities. Discussons are underway for an online communication and information plaiform. Annex 10
has published an information brochure. A brochure for marketing the |A is dso being prepared.

5. Have there been significant developments in this area in the current term? Are there plans
for development in the next term? If so, please describe them.

During the period of this report 5 new countries have joined the IA and the annexes 9 - 14 have
garted. The Strategic Plan (1999-2003) covers the future plans of the IA.

Co-ordination with Other Bodies
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6. Specify to what extent there is a need to co-ordinate your activities with other 1As. If so,
which Agreements and on which issues?

Energy storage is a technology which is important in an energy system. A storage plant does not,
however, work only by itsdf. It is one component of an energy system. In systems with solar, heeat
pumps and district heeting and cooling for example storage systems are essentid for the utilization of
renewables or waste heet. The system efficiency will increase. It is therefore naturd to collaborate
with the 1As representing these technologies, indluding the Energy Consarvation in Buildings and
Community Systems (ECBCY) IA., Demand Side Management (DSM), Solar Heating and Cooling
(SHC), Digtrict Heeting and Cooling (DHC), and Heat Pumping Technologies (HPT). We have dso
collaboration with the EETIC IA for co-ordinaing information activities, etc. For dectrica storage,
collaboration with Photovoltaic Power Systems and Superconductivity are redlized.

Some of the members of our ExCo are lso members of other ExCos and consequently, information
exchange and drategic collaboration can eadly be discussed with other rdevant 1As. Examples: The
Swedish deegate is also amember of the Heat Pumping ExCo and the German delegate of the Solar
Heating and Cooling ExCo.

7. What arrangements for co-ordination with other IAs are in place?

A joint ExCo meeting with ECBCS is going to be held in Tokyo, Japan on November 8, 2000.
Annex 14 have dso contacted other IEA activities about cooling and at the latest ExCo meeting a
presentation about ECBCS and SHC activities about cooling were given. Annex 14 experts are o
invited to the corresponding tasks to give information about their activities.

8. Are there other international co-operative programmes working on issues similar to those

dealt with by the IA? If so, describe any arrangements you may have for co-ordinating with
them.

Coordination could gtart with the European Union with the new delegate in the Committee.

We are interested in the report from the collaborative IEA-EU meeting and the actions from the
organisations that came out from that mesting.

I nternal Assessment and Planning

9. Does your IA have a built-in review mechanism? If so, please describe it briefly.

We use the Executive Committee and their Nationa network of expertsfor built - in review.

10. Does your IA have an up-to-date Strategic Plan? (Please attach.)

Strategic plan for 1999-2003 is attached.
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11. What procedures are used in developing the Strategic Plan? How often is it updated?

We have designated a group at the ExCo meseting in December 1997 to work with the new
Strategic Plan for the period 1999-2003. This group reviewed the previous Strategic Plan, update
and make it valid for 1999-2003. Two workshops have been arranged in conjunction with the
ExCo mesetings in 1998 for this purpose. The find Strategic Plan was gpproved by the ExCo in
Spring 1999. The previous Strategic Plan was for the period 1994-1997.

12. In what ways is the current Strategic Plan influencing the work of the IA (e.g., tasks or
annexes pursued; operation of activities; end-products; 1A management)?

We have pursued the objectives of our plan and have successfully achieved most of them. We dso
work with the current redlity and Situation. The redlity leads the way we run the 1A and the Strategic
Pan is our way to predict it. Workshop in Montred in January 1995 and the meeting with the
EEUWP in April 1995 gave the ExCo clear indtructions.
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D. ACHIEVEMENTS AND BENEFITS OF CO-OPERATION
Technology Development

1. How has the Agreement contributed to technology development?

Previous annexes have subgtantialy contributed to technology development and have been crucid for
the continuous development. Annex 8 and 9 are adso important for the development. Annex 9 has
provided a very effective bridge between the work being carried out in North America and Europe. The
Annex has had a very strong “applications’ focus and has therefore helped steer the direction of
researchers and developers in the field of “utility scaleé’ dectrica energy storage. The other new annexes
10-14 that started after December 1997 have not contributed yet.

2. Please provide success stories you may have concerning the development of new
technologies or techniques (e.g., new knowledge, technology adaptation, development of codes,
measurement protocols, etc.).

Annex 8 with further implementation of aquifer and borehole storage technology. Cold storage is a
redl technical and economica success, not only in Sweden but dso in  the Netherlands. Aquifer
Thermd Energy Storage has a great success in Belgium.  Severd plants with direct cooling have
been built in Germany. Paticularly, underground cold storage in combinaion with the newly
developed "Energy Piles’ israther successful and now grows without further help from governmenta
financing. Some examples for Germany:
- GSHP with direct cooling for the Neantertal Museum, Mettman, Germany (1996)
Aquifer cold storage for the Reichtag Building, Berlin, Germany
Energy Piles with cold storage for the Main Tower of the Helaba - bank. Frankfurt, Germany.
anumber of smaler plants with GSHP and direct cooling for office buildings & various placesin
Germany.
Annex 9 has identified as one of its find conclusons the synergy between eectrica
energy storage and the integration of large amounts of energy from renewable energy
sources (such aswind and photovoltaics).

3. Have important publications resulted from collaboration through this IA? If so, please
provide examples.

See publication ligts in the annud reports. Examples.

The Stockton project ( A large borehole storage plant) and its videotapes have influenced many
large projects including some in the US (Cdifornia, Virginia, etc.) as wel as in Sweden and
Germany.

There is an aticle in Swedish Building Research, 1997. US found out about a Swiss roadway
deicing project and Energy Files from the Conference information. There are now one of each of
those projects in the US. (Even though the data was never asked for , the ideas and success was
transmitted to the US))
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Annex 8: workshops in Adana, Turkey (1995), Hdifax, Canada, (1996), Leuven, Belgium, (1997),
Stockton, USA (March 1998).
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Technology Deployment

4. How has the Agreement contributed to technology deployment?

Through the annex works, in particular annexes 8-14. This occurs through demongtrations in each
country. Cooperation in Annex 8 has led to alarge scde implementation program in Belgium.

5. Please provide success stories you may have concerning the development of new
technologies or techniques (e.g., Has it assisted in the creation of agreed performance measures
for new technologies? In the development or harmonisation of standards?).

Annex 8: Implementation of an extensve program on demondtration plantsin the Netherlands.
Annex 9: The production of the software assessment packages and the increased understanding of

the systems gpplicability have dready focused thoughts on a number of possible applications,

demongtration schemes to be addressed in the second phase of the annex 9.

See dso question D2.

6. Hasthe Agreement engaged in information dissemination activities associated with market
deployment of technologies? If so, what are the target audiences? How is this information
used by the audience?

Various publications about Low Temperature Therma Energy Storage in Ducts and Aquifers by
CADDET (Sanner, Hellstrom, Norddl)
Assgting the Geotherma Consortium in the USA with moddlling, etc.

Networking

7. How has the agreement contributed to International networking, including networking
between researchers and end users in universities, governments and industry?

Example: We have contributed to the Heat Pumping Newdetter with information about the activities
of thelA.

8. How has the networking contributed to the flow of information and improvement of research
and demonstration programmes in participating countries?

Each of the active persons contribute to the dissemination of information in the country. There are
nationa networks, often in the form of National Teams.

9. What are the particular strengths and weaknesses of the network compared with alternative
networks in the field (for example, university links, bilateral links between countries,
international research or trade associations)?
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The grengths are the network with people that know each other well and have short ways of
communication and they represent different positions in the society. Example: The Lund University
SBM mode was an important tool in designing the Stockton UTES system and Goran Hellstrom,
project manager, was instrumental in giving access to software.

Policy Relevance

10. Does the Agreement help participating governmental agencies evaluate the status of
particular energy technologies? Are there examples in which this has contributed to effective
energy and environmental policy making?

Internationdly, yes. Hopefully, yes, in most of the countries. Example from the US. The New Jersey
Board of Public Utilities and the US DoE are funding a project to re-write environmenta regulations
to reduce first cost barriers while ensuring the integrity of the ground water for drinking. Work from
the Netherlands and other participating countrieswill help in thisandyss.

11. Has the Agreement contributed to the transfer of technology to non-OECD-Member
countries?

To some extent, yes. Non-member countries have expressed interest to participate in annexes and
the lA.

Environment

12. Has the Agreement made any contributions to dealing with environmental issues that are
worthy of note because of their large impact or because they relate directly to mitigating
environmental damage (as distinct from contributing indirectly by helping to reduce energy
consumption)?

The Environment issues are important and go through al the activities. See aso question 10.
More efficient Use of Resources

13.How has the Agreement enabled participants to share costs and pool technical resources?
Give concrete examples?

In the annexes activities are task or task/cost shared. Technica workshops are arranged to discuss
results and technica matters.

Examples.

Annex 8: Shared activities in disseminaion (e.g. Workshops), software list etc. Shared efforts in
state of the art reports.
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14.Are there examples of information transfer, either in research or technology demonstration,
that have enabled participants to avoid duplication or mistakes?

For al activities: Avoid earlier mistakes. State of the art reports are essentidl.

Example from the start-up process of annex 12

A firg discusson on contiuing co-operative R&D within the IEA framework took place a a HT-
UTES workshop in June, 1996, during the IEA ECES Annex 8 expert’s meeting in Halifax, Canada.
In April 1997, a dedicated workshop on HT-UTES within IEA ECES was peformed in Berlin,
Germany with internationd attendence. This workshop was a platform for a first review of the Sate
of the art and the future opportunities, and resulted in the recommendation to proceed in establishing
arelevant annex. In December 1997 just before the ExCo-mmeting, afind preparatory meeting took
place in Paris, France, and the annex was accepted by the ExCo at the December 1997 meeting.
The preparatory activities helped to shape the objectives and workplan and allowed to begin with
information exchange a an early stage. The objectives of this annex are to demondrate that the HT-
UTES can be attractive to achieve more efficient economica and environmentdly benign energy
systems, and to disclose requirements and find problem solutions for reliable long-term operation.
The type of UTESsysems concerned shal be confined to Aquifer storage (ATES) and
Borehole/Duct storage (DTES).

Various benefits will be achieved with HT-UTES (Annex 12):

- Energy conservation (as daed in the tile of the 1A). HT-UTES will dlow to use renewable
energies like solar therma energy, which otherwise has bad characteridics in matching time of
heet load and supply and to make use of waste heat in times where no heat load exigts. In
consequence, other (fossl) primary energy can be saved. Usng HT-UTES, dso the energy
necessary for recovering the heat can be minimised.

Environmenta benefits (reduction of emissons). In unison with energy conservation the emission
of carbondioxide and noxious gases will be reduced substantidly. If waste heat can be used for
dorage, then thermd pollution caused by dumping this heet into the environment can dso be
mitigated. HT-UTES might here play a double role in reducing flue gas emissions and decreasing
therma emissions smultaneoudy.

Economic benefits and improved reliahility. It is expected to achieve eventualy a good economic
bass for HT-UTES, & least in plants making use of otherwise wasted therma energy. Reliability
can be very high, provided the rdevant techniques (eg. water trestment) will successfully be
demonstrated.

15. Has the Agreement strengthened national R&D capabilities for any of the participants

through improved access to personnel exchanges, training, information, technology or
equipment?

For most of the countries - yes. Examples can be found & various placesin this document.
Overall Significance of Agreement

16. What are the main achievements of the Agreement during the present term? Does any one
stand out as especially important?
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Initiation of severd new Annexes with new topics (eg. eectrical energy storage in Annex 9).
Reaching out to new communities of storage technologies such as fud cdls, batteries, flywheds,
SMES, renewables and making their work relevant to ectrica utility planning.

17. If there are other international collaboration organisations in the area, what are the main
strengths and weaknesses of the IEA agreement in comparison to them? How would you say
that the IEA collaboration is rated, compared to these other organisations, by participants and
by non-participants?

A comparison among other international organizations in the areais not available, but our 1A may be
regarded as strong with over 20 participating countries and a long history of collaboration. See
attached Strategic Plan for strengths and weaknesses of our program. The IEA collaboration is
more effective in the experts level co-operation.

18. In your view, are there any important actions that would improve the Agreement and its
activities?

Broadening the scope of work, starting new annexes will certainly atract new countries. The driving
force of the IA is, no doubt, the ongoing annexes.
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Other activities

Collaborative Groups, Workshops and M eetings

|EA-Workshop Advanced Solar Storage Technologies for Low Energy Buildings, 30-31% August
2000, Univergty of Stuttgart, Germany

Joint Executive Committee Meeting with ECBCS IA planned for November 6, 2000, Tokyo, Japan

Participation in Future Buildings Forum, Building Coordination Group and Building Related
Implementing Agreements
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APPENDICES

APPENDIX 1-1EA GENERAL INFORMATION

Framework of the International Energy Agency (IEA)

Egablished in 1974 with headquarters in Paris, the IEA is the energy forum for 24 industria
countries - Audrdia, Audtria, Begium, Canada, Denmark, Finland, France, Germany, Greece,
Hungary, Irdand, Italy, Japan, Luxembourg, The Netherlands, New Zedand, Norway, Portugd,
Spain, Sweden, Switzerland, Turkey, the United Kingdom and the United States. The European
Union aso participatesin the work.

The IEA, based in Paris, is an autonomous agency linked with the Organisation for Economic Co-
operation and Development (OECD). The IEA's man decison-making body is the Governing
Board, composed of senior energy officids from each Member country. Under norma
circumstances, the Governing Board holds regular meetings severd times a year. Medtings a
Minigterid level are held every two years.

The Governing Board directs the activities and makes the mgor policy decisons of the IEA. It
regularly reviews the world energy Stuation as well as domestic energy poalicies to assess future
energy supply and demand patterns and to determine policies to meet changing energy and economic
conditions.

A Secretariat, with a Saff of energy experts drawn from Member Countries, supports the work of
the Governing Board, the Standing Groups and Committees. The IEA Secretariat collects and
analyses energy data, assesses Member countries domestic energy policies and programmes, makes
projections based on differing scenarios and prepares studies and recommendations on speciaised
energy topics. An Executive Director appointed by the Governing Board heads the IEA Secretariat.

The countries participate in the IEA to safeguard the members collective energy security, and
thereby reduce the economic risks, associated with energy shortages. Steps to safeguarding from
economic risks has included reducing dependency on oil imports, the sharing of oil supplies in
emergencies, the promotion of more stable world oil markets and the initiation of collaborative
research on new and efficient energy technologies.

The future promises fundamental changes in the globa energy badance. Higher economic growth
rates will result in nonindudtrialised nations accounting for more than 60% of the world energy
demand by the end of the century. The growing concern for environmenta issues dso having astrong
influence on the nature of nationa and globa energy priorities. 1T gppears tha the need for
internationd collaboration in energy strategy continuing to increase in importance.

Objectives
To maintain and improve systems for coping with oil supply disruptions;
To promote rationd energy policiesin agloba context through co-operative relations with
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non-member countries, industry and internationd organisations;

To operate a permanent information system on the internationa oil market;

To improve the world's energy supply and demand structure by developing dternative
energy sources and increasing the efficiency of energy use;

To assg intheintegration of environmenta and energy policies.

Shared Goals

The 24 Member countries of the International Energy Agency (IEA) seek to create the conditionsin
which the energy sectors of their economies can make the fullest possible contribution to sustainaole
economic development and the well-being of their people and of the environment. In formulating
energy policies, the establishment of free and open markets is a fundamenta point of departure,
though energy security and environmenta protection need to be given particular emphasis by
governments.

IEA countries recognise the sgnificance of increesng globd interdependence in energy. They
therefore seek to promote the effective operation of international energy markets and encourage
dialogue with al participants. In order to secure their objectives they therefore am to create a policy
framework consstent with the following gods

Diversty, efficiency and flexibility within the energy sector are basic conditions for longer-term
energy security: the fuels used within and across sectors and the sources of those fuels should be
as diverse as practicable. Non-foss| fuels, particularly nuclear and hydropower, make a
subgtantia contribution to the energy supply diversity of IEA countries as agroup.

Energy systems should have the ability to respond promptly and flexibly to energy emergencies. In
some cases this requires collective mechanisms and action: |EA countries co-operate through the
Agency in responding jointly to oil supply emergencies

The environmentaly sustainable provison and use of energy is centrd to the achievement of these
shared goals. Decision-makers should seek to minimise the adverse environmental impacts of
energy activities, just as environmental decisions should take account of the energy consequences.
Government interventions should where practicable have regard to the Polluter Pays Principle.
More environmentally acceptable energy sources need to be encouraged and developed. Clean
and efficient use of fossl fuds is essentid. The development of economic non-fossil sources is
aso a priority. A number of IEA members wish to retain and improve the nuclear option for the
future, a the highest available safety standards, because nuclear energy does not emit carbon
dioxide. Renewable sources will dso have an increasingly important contribution to make.
Improved energy efficiency can promote both environmental protection and energy security in a
cogt-effective manner. There are Sgnificant opportunities for greater energy efficiency a dl dages
of the energy cycle from production to consumption. Strong efforts by Governments and al
energy users are needed to redlise these opportunities.

Continued research, development and market deployment of new and improved energy
technologies make a criticd contribution to achieving the objectives outlined above. Energy
technology policies should complement broader energy policies. Internationd co-operation in the
development and dissemination of energy technologies, including industry participation and co-
operation with non-member countries, should be encouraged.

Undigtorted energy prices enable markets to work efficiently. Energy prices should not be held
artificidly below the costs of supply to promote socid or industrid gods. To the extent necessary
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and practicable, the environmenta costs of energy production and use should be reflected in
prices.

Free and open trade and a secure framework for investment contribute to efficient energy
markets and energy security. Digtortions to energy trade and investment should be avoided.
Co-operation among dl energy maket paticipants helps to improve information and
understanding, and encourage the development of efficient, environmentally accepteble and
flexible energy sysems and markets worldwide. These are needed to hep promote the
investment, trade and confidence necessary to achieve globa energy security and environmental
objectives.

The IEA Minigters adopted the "Shared Gods' at ther 4 June 1993 meeting in Paris.

Committee on Energy Research and Technology (CERT)

Fostering energy technology innovation is a central aspect of the IEA's work. Development of sefer,
more efficient technologies is imperative for energy security, environmenta protection and economic
growth. Equally essentid is the widespread deployment of these more economicd, environmentaly
benign technologies. But progress in energy technology research, development, demonstration and
deployment implies invesment. Two decades of IEA experience have shown that internationa
collaboration on these activities avoids duplication of effort, cuts costs and peeds progress.

The IEA's Energy Technology Collaboration Programme operates under the guidance of the
Agency's Committee on Energy Research and Technology (CERT) and its subsidiary bodies dedling
with technologies for fossl fuels, renewable energy, efficient energy end-use and fusion power, as
well as its expert groups on eectric power technologies and technology assessment methodol ogies.
The Programme enables experts from different countries to work collectively and share reaults,
which are usualy published. The Programme's objectives are

- improved energy efficiency and technology reliability;

- enhanced access to up-to-date assessments of energy technology performance;

- reduced environmentd impact of energy-sector activities;

- Co-operation with non-member countries.

Practical elements of the Programme include:

- policy andyds through reviews of energy technology and R&D programmes in Member and
selected non-member countries, thereby encouraging common gpproaches,

- shaing of practica experience and exchange of information through joint sudies, conferences
and workshops that monitor technologicad advances in key areas and enhance vishility for
leading-edge techniques, and

- collaborative research projects. IEA Implementing Agreements offer the framework for these
collaborative research projects.

The projectsam to:
expand basic understanding of existing technical processes and reduce their costs;
remove barriers to market deployment;

fogter sharing of operating experience and expand general awareness of technologica capabilities.

The Implementing Agreements provide the legd mechanism for edtablishing participants
commitments and the project's management structure, and for ensuring distribution of benefits from
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the co-operative work while protecting participants intellectua property. Activities are managed
jointly by experts from IEA Member and non-member countries (representing government bodies,
industry, academia and other internationa organisations). Resources come from participants. Benefits
include not only pooled resources and shared costs, but also harmonisation of standards and hedging
of technica risks. The IEA programme places emphasis on expanding co-operation with industry.

More than 30 countries are involved in Europe, America, Asa, Audraia and Africa. Hexible and
dynamic, the programme is expanding steadily as the advantages of internationa collaboration secure
wider recognition. Some forty Agreements operate currently, involving a tota of some US$100
million. They cover the full range of technologies used in the production, transformation, distribution
and end-use of energy. Among the many areas covered by Agreements are bio-energy, solar heeting
and cooling, wind turbine systems, advanced fud cells and dectric vehicles. Energy technology
information centres have aso been set up under the programme. Concern for the protection of the
environment is reflected srongly in the mandates of both long-standing and more recent
Implementing Agreements.

Working Parties

The four Working Parties are the Working Party on Energy end-Use Technologies, the Working
Party on Fossil Fuels, the Working Party on Renewable Energy Technologies and the Fusion
Power Co-ordinating Committee. Working parties are composed of government officids from
member countries who have a broad knowledge of their countries activities in those particular aress.
They help focus research and development initiatives and review the datus of technology
development and deployment. Working Parties identify areas of mutud interest among countries and,
if warranted, initiate Implementing Agreements, which they then review and guide on aregular basis.
Working Paties dso exchange information on the datus of naiond programs and on the
development of technologies.

Working Party on Energy End Use Technologies

Infrastructure energy systems, buildings, industry, agriculture and food, eectricity end-uses and
croscutting technologies are the current thrust aress of this Working Party. The following ligs the
active Implementing Agreements of the IEA which are guided by the Working Party on Energy
End-Use Technologies.

I mplementing Agreements
Advanced Fud Cdls
Alternative Motor Fuds
Centre for the Andlyss and Dissemination of Demonstrated Energy Technologies
(CADDET)
Digtrict Heating and Cooling
Electric Vehicle Technologies and Programs
Energy Consarvation and Emissons Reduction in Combustion
Energy Conservation in Buildings and Community Systems
Energy Consarvation through Energy Storage
Energy Technology Data Exchange (EITDE)
Impacts of High-Temperature Superconductivity in the Electric Power
Program of Energy Technology Systems Andysis (ETSAP)
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Pulp and Paper

An Implementing Agreement: is a framework, which facilitates the initiation, implementation
monitoring and review of internationd collaborative efforts. Implementing Agreements can
encompeass any phase of the technology cycle research and devel opment demongtration, vaidation of
technicad environmental and economic performance: market deployment or information: exchange:
Member countries choose to participate in those-Implementing Agreements which best meet ther
needs.

Implementing Agreements are flexible and are st up to meet the requirements of those countries thet
wish to take part. Participants can be member country government organisations, semi-private
entities (including univergties) and private organisations when formaly designated by the nationd
government. Norrmember countries may aso join a given Implementing Agreement under a
mechanism termed Associate Participation, provided they obtain prior consent from the IEA
Governing Board. Private organisations not formdly desgnated by ther government, and
norrintergovernmentd internationd entities may dso join the Implementing Agreement under a
gpecia designation termed Sponsor Participation provided they obtain prior gpprova from the
Committee on Energy Research and Technology.

The initiative for an Implementing Agreement is usudly taken by interested countries, which work
with the IEA Secretariat and the Working Parties to draft a program of work. The proposed
Implementing Agreement is first considered by CERT and then by the IEA Governing Board. Once
approved, an Executive Committee, made up of one representative from each country, which joins
the Agreement, develops a drategy for carrying out the research and development. If an
implementing Agreement involves szegble or varied work, it may be broken down into Annexes.
Interested countries may choose to join dl the Annexes, or only those which fulfil their requirements.
An Operating Agent is dected for each Annex to act as project manage;

The IEA has no centrd funds to finance the Implementing Agreements, thus al resources are
supplied by the participating countries. Two methods exigt for financing an Implementing Agreement:

1. Cod-sharing: the participating countries contributing monetary resources to a common fund for
equipment purchase or the operation of test facilities or information processing centres, and

2. Task-sharing: each participating country undertakes to devote specific resources and personnel
to carry out part of acommon work program.

Implementing Agreements are legd documents signed at a senior level such as the ambassador to the
OECD.
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APPENDIX 2 - LIST OF ANNEXES

Annex No. Annex Name

Closed Annexes

Large Scale Thermal Storage Systems Evaluation

L ake Storage Demonstration Plant in Mannheim

Aquifer Storage Demonstration Plant in Lausanne-Dorigny

Short-term Water Heat Storage Systems

Full-scale Latent Heat Storage Installations

Environmental and Chemical aspects of Thermal Energy Storage in Aquifers and
Research and Development of Water Treatment Methods

Innovative and Cost-effective Seasonal Cold Storage Applications

Ongoing Annexes

Implementing Underground Energy Storage Systems

Electrical Energy Storage Technologies for Utility Network Optimisation
Phase Change Materials and Chemical Reactionsfor Thermal Energy Storage
High Temperature UTES

Design, Construction and Maintenance of UTES Wells and Boreholes
Cooling in All Climates with Thermal Energy Storage

Planned Annexes

15 Electrical Energy Storage and the Integration of Renewables

16 Engineering textbook on thermal energy storage and renewable energy

~ OO, WN P

RERBC®

Previous Annexes

Annex 1. Large Scale Thermal Storage Systems Evaluation

Annex 1 was a technica and economic evauation of various storage concepts presented by the
participating countries. The results of this work formed the basis for subsequent Annexes. The find
report was published in October 1981.The Annex was formally closed at the Executive Committee
Meseting in April 1983. Participating countries. Switzerland (OpA), Belgium, CEC, Denmark,
Germany, Sweden, USA.

Annex 2. Lake Storage Demonstration Plant in Mannheim

Annex 2 had the objective of developing a seasond lake storage and to demondirate the feagbility
by the congtruction of alarge-scae pilot plant in Mannheim, Germany. Congtruction of the plant was
cancelled after faling to achieve an economic design.

Annex 3. Aquifer Storage Demonstration Plant in Lausanne-Dorigny

Annex 3 involved the design, condruction and operation of a high-temperature aquifer storage in
Lausanne-Dorigny. The storage conssted of a vertical well with horizonta drains. The project was
commonly caled SPEOS. Wadte heet from a municipd facility was stored in summer and used for
gpace heating and domestic hot water of a gymnasium. Collaboration involved seven countries and
terminated in 1989. Participating countries: Switzerland (OpA), Denmark, USA, Sweden.

Annex 4. Short-term Water Heat Storage Systems
Annex 4 reviewed the theory, techniques and application of hot water storage systems and produced
a date-of-the-art report. It focused on various measures to maintain thermal dratification. The Annex
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was closed in 1988. Participating countries: The Netherlands (OpA), Germany, Sweden, USA

Annex 5. Full-scale L atent Heat Storage I nstallations

Annex 5 involved the inddlation and monitoring of latent energy dorage inddlaions with the
objective of evduaing ther technicd and economic feeshility. The Executive Committee
recommended reviewing the state-of-the-art of latent heat stores and a workshop was held in 1984
sponsored by the German Ministry for Research and Technology. As a result of the workshop
recommendation to concentrate on monitoring pilot and demongtration plants to provide reliable
performance data, an Annex on Full Scae Latent Heat Storage Ingtdlations was initiated in 1988.
Germany has provided the Operating Agent. The Annex was terminated in 1992. Participating
countries: Germany (Op. A), Sweden, USA.

Annex 6. Environmental and Chemical aspects of Thermal Energy Storage in Aquifersand
Resear ch and Development of Water Treatment Methods

Annex 6 dedt with the chemica and environmental aspects of therma energy storage in aquifers. A
magor potentia problem of aquifer energy storage is the scaing an clogging of wels and heat
exchangers. To avoid these problems reliable and ecologicdly sound methods of water treatment are
required. The development and testing of the chemica, micro-biological and environmenta effects of
ground-water treatment methods were the objectives of Annex 6. The work was initiated in 1987
and extended through twelve experts’] mesetings into 1993. The Netherlands provided the Operating
Agent and nine countries participated. The Annex was formaly closed by the Executive Committee
in 1996. Participating countries. The Netherlands (Op. A), Canada, Denmark, Finland, Germany,
Sweden, Switzerland, USA.

Annex 7. Innovative and Cost-effective Seasonal Cold Storage Applications

Annex 7 aimed to demondrate innovative, energy efficient and cogt-effective cold storage design for
avariety of building types and industrid gpplications to encourage the adoption of cold Storage as a
sandard design option. More specificdly, it evduated effective storage control and operating
drategies, evauaed combined hot and cold storage for increased energy efficiency and cost-
effectiveness, and conducted nationd market studies for the developed technologies. A planning
workshop in Sweden initiated the work in January 1989 and the activities extended through eght
expertsl] meeting into 1993. The Annex was formaly closed by the Executive Committee in 1996.
Participating countries. Canada (Op. A), Germany, Netherlands, Sweden.

Ongoing Annexes

Annex 8. Implementing Underground Thermal Energy Storage Systems

Annex 8 ams to oeed the introduction of Underground Therma Energy Storage in the building,
industrial and agricultural sectors. It will encourage the adoption of energy storage in standard
project designs by developing procedures and tools based upon documented applications in different
energy efficient sysems. Screening and decison tools will be provided to ensure ecologicaly
sengtive gpplications. The firgt experts meeting was hdd May 1994 in Sweden. Participating
countries: Sweden (Op. A), Belgium, Canada, Germany, Netherlands, Turkey, USA, Japan.

Annex 9. Electrical Energy Storage Technologiesfor Utility Network Optimisation
Annex 9 will examine the potentid role of dectricd dorage technologies in optimisng eectricity
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supply and utilisation. It will identify and overcome barriers to widespread adoption of eectrica
energy storage technologies through successful demonstration projects. Annex 9 was proposed by
EA Technology Limited of the UK as a result of the recommendations of the Energy Storage
Strategy Workshop held in Montred during January 1995. The annex started in June 1996.
Participating countries. Canada, Germany, Netherlands, Sweden, UK (OpA), and USA.

Annex 10. PCM and Chemical Reactionsfor Thermal Energy Storage.

Annex 10 will examine the role and accelerate the introduction of phase change materids into energy
systems in resdentid, commercid, industrid and agriculturd sectors. It has been proposed by the
Concordia Universty, Centre of Building Studies in Montred as a result of the recommendations of
the Energy Storage Strategy Workshop held in Montred during January 1995. The Annex was
approved by XC43 on December 1997. Participating countries. Bulgaria, Canada, Finland,
Germany, Jgpan, Poland, Sweden (OpA) and Turkey. China is preparing its participation and
Audtrdia, France, Indig, Italy, the Netherlands, United Kingdom, and USA have shown interest in
participation.

Annex 12. High Temperature UTES

Germany initidly suggested Annex 12. Phase 1 of the annex was approved by XC43. This stage
darts with a State-of-the-art review of HT UTES applications. It will be followed by a study in
which the most promising applications and system concepts for HT-UTES are evauated. The results
will dlow assessing the expected benefit of HT-UTES and judtify a decison on phase II.
Participating countries are not yet clear but Canada, Germany (OpA), Belgium, Sweden and the
Netherlands have shown interest in the annex.

Annex 13. Design, Construction and Maintenance of UTES Wells and Boreholes.

Annex 13 is a result of the Energy Storage Strategy Workshop held in Montreal during January
1995. The annex was approved by XCA43, December 1997. The objectives are to: Describe UTES
drilling and exchange experiences of different technologies. Identify related problems in order to
establish aress for further R&D. Work out guiddines connected to test drilling, well design and
condruction. Investigate the occurrences and arts of operationd falures related to the well or
borehole system and to work out preventive guiddines for monitoring, maintenance and rehabilitation
measures. The following countries have shown interest in participation: Audraia, Belgium, Canada,
Germany, Itay, the Netherlands, Sweden, Switzerland, Turkey, and the U.S.

Annex 14. Cooling in All Climateswith TES

This annex has been approved by the ExCo at 46" mesting in Lulea, Sweden in June 1999.
Participants are Canada, Japan, Sweden and Turkey. The overdl objective of Annex 14 is to
employ research, development and feashility studies to advance the prospects of cooling with TES
technologies for gpplications within a variety of energy sysems and climate conditions and to
encourage their use as a standard design option. The Operating Agent is Cukurova University,
Center for Environmentd Research from Turkey. Phase | of the annex is planned to end in
December 2000.

Proposed Annexes

Annex 15. Electrical Energy Storage and I ntegration of Renewables
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This annex has been proposed to the ExCo at the 48" meseting in Berlin in November, 1999. Itisa
sated objective of this work to move storage systems towards commercid market implementation,
via the mechanism of technology and agpplications demongrators. Whilst it is beyond the scope of
Annex 15 to implement an actud demondration project, it is fully intended that much of the
necessary groundwork will be covered within the project to make a demondtration project the next
logical step in electrical energy storage system market development.  Such a move towards market
uptake will represent a sgnificant advance in the application of storage systems, permitting their very
red benefits in terms of improved integration of renewables to be redised. A Programme Definition
Workshop will be held in Spring 2000 which will provide the platform for pulling together the Annex

15 participants.

Annex 16. Engineering Textbook on Thermal Energy Storage and Renewable Ener gy

This annex has been proposed to the ExCo at the 48" mesting in Berlin in November, 1999. The
overd| objective of the annex isto write and disseminate an engineering textbook on Therma Energy
Storage and Renewable Energy. The target group should be engineering students and consulting
engineers. The vison for a second stage of this annex is to develop an Internet course based on the
textbook. One suggestion is to present the course in three levels of education: 1/ Generd. 2/
Enginesring. 3/ Scientific.
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APPENDIX 3 - PARTICIPANTSOF ECESIA

COUNTRY CONTRACTING PARTY

Belgium Ministry of Economical Affairs

Canada Public Works Canada

CEC Commission of the European Communities

Denmark The Ministry of Energy

Finland TEKES, Technology Development Centre of Finland
Germany Forschungszentrum Jilich GmbH

[taly ENEA , Governmental Energy Research Agency
Japan The Heat Pump and Thermal Storage Centre of Japan
Spain IBERDROLA, Madrid (Feb 1999)

Sweden The Swedish Council for Building Research

The Netherlands NOVEM, The Netherlands Agency for Energy and the Environment
Turkey CukurovaUniversity

UK EA Technology

USA US Department of Energy
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APPENDIX 4- LIST OF PUBLICATIONS

Strategy Plan 1999-2003

Annex 9

Collinson, A., Stones, J.C.& Tyson, A. “Electrical Energy Storage:Network Application Case
studies” EATL Report No. 4829, April 1999.

Collinson, A., Stones, J.C.& Tyson, A. “Electricd Energy Storage:Costed project definitions for
selected applications’ EATL Report No. 4825, May1999.

Collinson, A., Stones, J.C.& Tyson, A.” Applications Moddlling of energy storage’, EATL Report
No. 5029, November1999.

Stones, J.C. “Power Qudity Applications modd” Software model, September 1999.

Coallinson, A., Stones, J.C.& Tyson, A. “Annex | X Phase 2 (Electrica Energy Storage) Find
Report” EATL Report No. 4073, November1999.

Annex 10

Marketing brochure

Country state-of-the-art reports

Materials database

Fact sheets for case studies and demonstration projects

Annex 14

Draft state-of-the-art report for Canada

Draft state-of-the-art report for Japan

Draft gtate-of-the-art report for Sweden

Draft state-of-the-art report for Turkey

Annex 14 First Workshop, June 4-5, 1999, Antalya, Turkey, CD-ROM containing papers
presented at the workshop
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