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Chairman’s Report

CHAIRMAN’'S REPORT

Halime Paksoy
Cukurova University, Turkey

The new millenium greeted us with urgent energy security concern.  The increased emissons and
depletion of criticad resources thresten economic growth as wdl as our qudity of life. By the year
2020, non-member countries are expected to double their energy demand and CO, emissons. In
other words, the problem has spread beyond the borders of IEA member countries. The
Implementing Agreements of different Working Groups within the International Energy Agency need
to work hand-in-hand to meet these chalenges.

The Committee of Energy Research and Technology (CERT), in its recent Implementing
Agreement’s review, is faced with a chalenge to develop a new generation of technologies that are
udainable aswel as innovetive.

The am of the Implementing Agreement on Energy Conservation Through Energy Storage (ECES) is
to research, develop, and integrate energy Storage technologies. Such technologies provide
sugtainable energy dternatives that in turn, decrease greenhouse gas emissions and conserve energy
through enhanced efficiency.

Energy storage technologies are spreading through the efforts of ECES and have dready become
commercidly viable in many countries. The pervading nature of energy storage technologies requires
the collaboration of various IEA bodies. The firg joint Executive Committee meeting with ECBCS
took place in 2000 to provide this collaboration.

2000 has been ayear in which cooperation with other implementing agreements and dissemination of
information among countries were the important accomplishments of ECES. The Executive
Committee of ECES has ds0 formed an information policy committee. This committeg's task is to
enhance information services and in turn, increase the vighility of this Agreement.

Two conferences organised this year - TERRASTOCK’2000 6" Internationa Therma Energy
Conference and EESAT’ 2000- provided avery good chancefor information exchange.

Other two notable achievements in 2000 are: the completion of Annex 8 "Implementing
Underground Therma Energy Storage Systems' and of Annex 9 "Electrica Energy Storage’. Annex
8 has become a source of the on-going Annexes 12,13 and 14. Annex 9 is a first on eectrica
storage and broadens the scope of the Implementing Agreement. A new Annex 15 is now proposed
as an outcome of Annex 9.

The ECES ams to increase the number of participating countries and reactivate nonactive members.
TERRASTOCK’2000 has been an excdlent opportunity to accomplish this god. Both China and
Norway have shown interest in joining the Implementing Agreement following this very well
organised conference.
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Chairman’s Report

| look forward to a productive year and a stronger ECES with new activities that broaden our
horizons.

ENERGY CONSERVATION THROUGH ENERGY STORAGE
IMPLEMENTING 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 sarting December 2000. It has
now (1999) 14 members. Belgium, Canada, CEC, Denmark, Finland, Germany, Itay, Japan, The
Netherlands, Spain, Sweden, Turkey, United Kingdom, USA. During the past year the Executive
Committee has worked intensvely to aitract 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 objectives for the |A are asfollows:

“* 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 Adana,
Turkey in May and second in Tokyo, Japan in November.

The Adana Meeting, May 2000
The mogt important items and decisions of the Adana meeting are outlined below.
- Charman and secretary were re-elected unanimoudy
Approva of thelegd text of revised IEA ECESIA
Approva of annual report 1999
Approva of the budget of the year 2000-2001.
EUWP approved the extension request of the ECES IA and chairman will give a presentation at
the fal meeting of EUWP
Approva of the extenson for the fina report of Annex 8.
Approval of al progress reports of ongoing Annexes (9, 10, 12, 13,14)
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Implementing Agreement

A joint meeting will be organised with ECBCS in Japan on November 8, 2000
Two new annexes were proposed (continuation of Annex 10 and Information Centre)
Cukurova Univerdity Centre for Environmental Research will continue to be the webmagter.

The Tokyo Mesting, November 2000
The most important discussions and decisons are outlined below.

The chairman gave information about the EUWP Srategies

New countries of interest, Poland was an observer at this meeting and X C decided to invite
Norway, China and Portugal to join ECESIA.

Decision on task definition phase for two annexes: Annex 15. Electrica 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.

A committee is formed to make a proposa about the information policy of ECES
Draft of the ECES Brochure is completed
Guiddlinesfor Annex preparation
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Activities

ACTIVITIES

Wor kshops 2000

Annex 10, PCM and Chemica Reactions for Therma Energy Storage 5" Workshop, 12-14 April
2000 Tsu, Japan

Annex 10, PCM and Chemica Reactions for Thermal Energy Storage 6" Workshop November
2000, Stockholm, Sweden

Workshop on Therma Response Test, , October 15, 2000, Mol, Belgium

Annex 13, Design, Condtruction and Maintenance of UTES Wells and Boreholes April 11, 2000,
Edmonton, Canada

Annex 14, Cooling in All Climates with Therma Energy Storage 2™ Workshop April 6-7, 2000
Halifax, Canada

Annex 14, Cooling in All Climates with Therma Energy Storage 3* Workshop, November 10,
2000, Tokyo, Japan

Conferences 2000

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

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

Planned Conferences and Workshops

IEA ECES Workshop on the Role of Energy Storage in the Future Energy Systems, May 16, 2001,
Ottawa, Canada

Annex 10, PCM and Chemica Reectionsfor Therma Energy Storage, November, 2000,
Stockholm, Sweden

Annex 14, Cooling in All Climates with Therma Energy Storage, April 19, 2001, Istanbul, Turkey

Annex 17, April 2001, Leida, Spain

Annex 13, 26-27 April 2001, Nijwegen,Niederlands
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Annex 10

ON-GOING ANNEXES

Annex 10. Phase Change Materials and Chemical Reactionsfor Thermal Energy Storage.

Operating Agent: F. Setterwall, Royal Institute of Technology, Stockholm, Sweden.

Introduction

Annex 10 was approved during the Executive Committee meeting in Paris 4-5 of December 1997. It
was decided that the Department of Chemica Engineering and Technology at the Royd Indtitute of
Technology in Stockholm, Sweden should act as Operating Agent. The Annex will be findised in
spring 2001.

The generd objective of Annex 10 is to solve technicd and market problems for a better market
opportunity for therma energy storage systems utilising Phase Change Materids (PCM) or chemica
reactions in the building, the agriculturd and the indudtrid 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 gpplication. This will be
accomplished in close co-operation with manufacturers, utilities and users.

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.

Activitiesduring 2000

During the year three experts meetings have been held in conjunction with two of these have
technica workshops been arranged.

The fifth workshop and experts meeting of the annex was held in Tsu, Japan the 12" to 14™ of Apil
2000. Among the 36 participants were 31 from Japan, most of them from the Japanese Annex 10
group but adso severa other people. 22 participants were from different kind of companies like
energy companies (gas and eectrica), congruction companies engineering companies and chemica
companies. 11 presentations were made about the topics. chemica reactions for TES (3), PCM in
hest/cold transportation systems (3), systems/gpplications (3) and new materids (2). After each
group of presentations a discussion was held on the specific topic and certain conclusions were
drawn and important features stressed out. In generd it was dtated that it is essentid to use a
systematic gpproach to find a solution to the problems that we are facing. More scientific and more
drategic ways must be applied when doing experiments and presenting/andysing the data obtained.
A technica tour was arranged. Firdt, a high-rise building for offices and other commercid usage,
including a rallway dation, was vigted. In this building a large cold storage facility was Stuated for
ar-conditioning. Second, aschool with afloor heeting system combined with storage was visited.

The axth Experts Meeting was hdd in Stuttgart, Germany, in conjunction with the Terrastock
Conference in September. At the meeting two mgjor topics were on the agenda. First it was decided
on how to make the find report, second the different possibilities of some sort of continuation of
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Annex 10

Annex 10 were discussed. All experts were podtive about an annex on “Information” and an annex
based on case studies and demonstration projects. See further below.

The seventh experts meeting and the sixth workshop were held in Stockhom, Sweden in November
2000. The 29 participants came from Finland (1), Germany (7), Japan (2), the Poland (1), Sweden
(14), Turkey (2) and UK (2). First the sub-task leaders presented the preliminary results of the
annex. After this nine ordinary presentations followed, the content of the presentations well
representing the broad scope of the annex, as they concerned cold and heat storage, system, hest
transfer and materid aspects, theoreticd and experimental studies as well as commercid
goplications.

I nitiativesto continuation after the finalisation of Annex 10

It is the opinion of the experts that the annex should have some kind of continuation. In conjunction
with Terrastock an open meeting was held to discuss the matter where many countries showed their
interest to participate. During the * continuation” annex should dl activities be related to case Sudies
(=feaghility studies) and demondgtration projects. For example activities to initiate monitor and
perform studies/projects and arranging workshops to spread information about the projects. All
countries that want to take part in the annex should show that there would be resources available to
perform demonstration projects and/or case studies. It should aso be shown that some project
would be gtarted in the beginning of the annex period. This suggestion for a new annex has been
looked upon postively by the ExCo and has been given the name, Annex 17.

It isdso the view of the experts that a new annex on information should be initiated. The new annex
should take care of databases and other outcomes as well as information activities. Possibly should
this annex be for the whole ECES IA. This suggestion was not gpproved by the ExCo and will not
be looked into further.

National contacts

Canada Dimitri Procos, Dalhouise University, Box 1000, Hdifax, NS, B3J2X4 Canada

Fnland Ka Sren/Piia Lamberg, Helsnki Technica University, Box 4400, 02015 HUT,
Finland

Germany Andreas Hauer, ZAE Bayern, Dept 4, Box 440254, D — 80751 Munich, Germany

Japan Kazunobu Sagara, Mie University, Kamihama-Cho 1515, TSU 514, Jgpan

Sweden Fredrik Setterwall, Roya Ingtitute of Technology, S— 10044 Stockholm, Sweden

Turkey Haime 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 Univer gity, Ger many

Introduction
The annex on " High Temperaiure Underground Thermad Energy Storage (HT UTES)" was
approved at XCA43, December 1997.

Participating Countries: Belgium, Canada, Germany, Netherlands, Sweden

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-system concerned is confined to Aquifer Storage
(ATES) and Duct/Borehole Storage (BTES). High temperature in this annex refersto aminimum
storage loading temperature in the order of 50 °C.

Workplan
To achieve the objectives, severd activities will be carried out in two Phases.

Thework is divided into two phases.

Phase 1 Review of the sate-of-the-art, investigations into system opportunities and further
R& D-need; completed with report end of 1999
Phase 2 Monitoring of existing plants (demo projects), design tools, improvement in water

trestment and development of test equipment, choice of materiads suited for high
temperatures, economic anays's, design guidelines.
Phase 2 was gpproved at XM 47, November 1999; ongoing

The work is done on a task-sharing bas's, with experts meetings twice ayear.

Results

The gate-of-the-art report within phase 1 was published as.
SANNER, B. (ed.) (1999): High Temperature Underground Therma Energy Storage, State-of-the-art and
Prospects. - Giessener Geologische Schriften 67, 158 p., Giessen

Thereisasmal number of (new) HT-UTES plants in operation, where monitoring programs alow to

evduate sysem performance, rdiability, operationa experiences, etc. within Phase 2:
Amorbach Neckarsulm, D BTES, residential areawith solar heat
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Anneberg Solna, S BTES, residential areawith solar heat
Brinckmannshthe Rostock, D ATES, appartment houses with solar heat

Hooge Burch near Gouda, NL ATES with heat from heat-and-power-cogeneration
Reichstag building Berlin, D ATES with heat from heat-and-power-cogeneration

Some other projects under construction can be accompanied within the framework of the annex, and
first operational results may be obtained:

Attenkirchen near Freising, D BTES with water tank, residential areawith solar heat
TESSAS Mol, B BTES, test plant

Test methods for BTES and for ATES are under development:
Therma Response Test, used in mobile equipment since ca. 1995, will be further developed and
used for higher temperature BTES gpplications
Test equipment for ATES to investigate groundwater behaviour in Situ (scaling, corrosion, etc.) is
developed and will be tested.

In 2000, two experts meetings have been held;
Arnhem, Netherlands, May 18/19, 2001
Mol, Belgium, Oct. 12/13, 2001

A workshop dedicated to therma response testing was organized jointly with annex 13, on Oct. 14,
2001. It was attended by 20 participants from 9 countries and allowed discussion of test operation
and evduation. At the Mol site, 3 different test rigs were used to investigate the thermal properties
around 3 boreholes, and two of the rigs could be visited during the workshop. The comparison of
the results showed afair degree of consstence.

In 2000, main work and achievements were on monitoring, understanding system behaviour, usng

and optimizing therma response test, and the congtruction of the test equipment for aquifer water
chemica behaviour (to be operationa early 2001).
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Annex 13

ON-GOING ANNEXES

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

Operating Agent: Olof Andersson, Lund Institute of Technology, Sweden

Annex 13 cover aspects of testdrilling, well and borehole design, construction and maintenance of
wells and boreholes for UTES gpplications especidly concerning ATES and BTES systems.

Thefind god of the Annex isto work out a set of guidelines covering the following subtasks.

How to gain 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 functiona during operation (Subtask D)

A second godl isto identify items or areas that need further research and development.

The annex was planned during 1997 and eventually approved by the 43¢ EXCO Mesting in Paris
4-5 of December 1997.

The workplan takes into congderation that a number of participating countries will contribute to
the further development of the Annex following the task shearing principle. The target is st to
findise thework at the end of year 2001.

The participating countries and their status of participation at the end of 2000 is shown in the table
below.

Country Joinment Financia support | Working team
Bdgium Forma Limited Deveops
Canada Forma Limited Develops
Germany Forma Fully Develops
Japan Forma Fully Formed
Netherlands Forma Fully Formed
Norway Observer NA NA

Sweden Forma Fully Formed
Turkey Forma Fully Formed

USA Forma Fully Formed

During the year 2000 there has been two organised activities. These are

. The 5™ Expert Mesting that was held in Edmonton, Canada, April 10-11, 2000 and the results
were reported to the 48" EXCO Mesting in Adana, Turkey, May 24-25, 2000. At this
mesting it was approved to extend the time schedule to finaise the work at the end of year

9 |[EA ECES Annual Report 2000



Annex 13

2001. It was dso announced that Germany would formdly join the Annex and take over the
ubtask C leadership &fter the withdrawa of Switzerland. At the expert meeting it was
concluded that the future work would be focused on findisng the state of the art reports and
to screen the information with respect to guiddines and items that need further research and
development.

. The 6" Expert Mesting, that was held in Mol, Belgium, October 16-17, 2000 and the results

were reported to the 49" ECXO Meeting in Tokyo, Japan. At this meeting Norway appeared
as an obsarving country with a potentid to become a forma member by sgning the ECES
implementing agreement. A generd conclusion from the meeting was that country specific Sate
of the at materid now should be completed and that missing information will be covered by
inputs to the draft reports during the review stage.

For the coming year 2001, two more Expert Meetings are planned to findise the work of the Annex.

Country co-ordinators are

Belgium, Bert Gysen (gysenb@vito.be)

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

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

Japan, Xiaome Li (li@host2.hpte -unet.ocn.nejp)

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

Sweden, Olof Andersson (olof .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 Serensen (emcon@post10.tele.dk)

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

Annex 14. Cooling in All Climates with Thermal Energy Storage.

Operating Agent: Halime Paksoy, Cukurova University, Adana, Turkey.

Introduction

Annex 14 has started operation after being approved by the Executive Committee at the 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
efficency and increased sugtainability of the globa energy resources by stimulating the expanded use
of TESininnovative, energy efficient and cost-effective projectsin participating countries.

Subtasks

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

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

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

m Sub-task 4. Determining potentid cooling with TES gpplicationsin different climates

Duration of Phase|
July 1999 — June 2001

Activitiesin 2000

Second Experts Meeting and Workshop were held on April 6-7, 2000 in Halifax, hosted by
Environment Canada.

There were 24 participants with 11 presentations joining the workshop from Canada, Japan,
Sweden, USA and Turkey. The Proceedings of the Workshop is prepared on a CD-ROM and
will be send to the workshop participants.
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Third Experts Meeting of Annex 14 was hed on September, 1 ,2000, in Stuttgart during

Terrastock 2000 Conference hosted by Stuttgart University.

There were 17 participants joining the Experts Meseting from Canada Germany, Japan, New

Zdand, Sweden and Turkey.

The following decisons and actions were taken during the Annex 14 Third Experts Meeting

Discusson of associate membership

Decided to ask for an extension of 18 months to the ECES ExCo
Discussion on Subtasks and subtask reports from subtask leaders

Fourth Experts Meeting and Workshop were held on 9-10 November in Tokyo, hosted by

Heat Pump and Therma Energy Storage Technology Centre of Japan (HPTCJ).

There were 34 participants joining the workshop from Canada, China, Germany, Japan, Koresa,
Sweden, and Turkey. Table 1 summarises the evauation of the papers in terms of input to

Annex 14.

Table 1. Input from Annex 14 Third Workshop

Subtask1

Subtask 2

Subtask 3

Subtask 4

BoHeet d.

Bo Norddl

Motoi Yamaha

XiaoMe Li et.a

Xiping Wu et a

Tadahiko |bamoto

Olof Andersson et d.

Y oshitaka Sakano

Byoung-Youn Choi et d.

Hiroo Sakai

Makoto Nakamura

H. Tanaka et 4.

W. Son et d.

Shigeru Aoyama et d.

Masaki Shioya et d.

Sadao Nishimura

Minoru Kawashima

3. Workplan for 2000

December 1999 — June 2000

Develop and evauate criteria for the determination of the boundary conditions of technically and

finandialy feasible cooling with TES applications
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Evduate possble sources of cold to determine which sources of cold are most applicable to
cooling with TES in different climates

Evduate and modify exiging planning and engineering tools for the andyss, modeling and
veification of cooling with TES

Draft state-of-the-art-report
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June 2000 — December 2000

Final state-of-the-art-report

4. Publicationsin 2000
Draft state-of-the-art report for Canada
Fina state-of-the-art report for Japan
Fina state-of-the-art report for Sweden
Fina state-of-the-art report for Turkey
Second Workshop Proceedings, April 6-7, 2000 Halifax, Canada (CD-ROM)
Third Workshop Proceedings, November 10, 2000 Tokyo, Japan (CD-ROM)

5. Experts Meeting in 2000
April 6-7, in Halifax, Canada
September 3 in Stuttgart, Germany
November 9-10 in Tokyo, Japan

6. Upcoming M eetings
September 28-29, 2001 Shanghel, China
Spring 2002, Mdeysa

7. National Contacts

Sweden

Bo Norddl, Bo.Nordell @sb.luth.se

Kjell Skogsberg, Kjel.Skogsherg@sh.luth.se
Fredrik Setterwall, setter@chemeng.kth.se

Olof Andersson, OLOF. ANDERSSON @sweco.se
Bo He, bohe@ket.kth.se

Goran Hellstrém, neo.energy @swipnet.se

Japan

Motoi Yamaha, yamaha@isc.chubu.ac.jp

Tadahiko Ibamoto, ibamoto@env.a.dendai.ac.jp
Canada

Frank Cruickshanks, Frank.Cruickhanks@ec.gc.ca
Edward Morofsky, MOROFSKE@PWGSC.GC.CA
Turkey

DeryaDikici, ddikici @mail.cu.edu.tr

Hunay Evliya, evliya@pamuk.cc.cu.edu.tr

Haime Paksoy, hopaksoy@mail.cu.edu.tr

Bekir Turgut, annex14@mail.cu.edu.tr
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Annex 15

PROPOSED ANNEXES

Annex 15. Electrical Energy Storage and the I ntegration of Renewables

Alan Callinson, EA Technology, UK

The benefits of bulk energy storage applied to the increasing levels of embedded generation,
especidly from new and renewable energy sources, are beginning to be recognised. Annex 15isa
natural development borne out of Annex 9 and focussing specificaly on the issues of ectrica energy
storage and how it can be used to asss in the successful integration of new and renewable energy
sources into existing electrical networks.

Annex 15 ams to build upon the successful foundation of the previous work carried out within the
Annex 9 work programme. The focus of the work will be to develop a firm understanding of the
technica issues and commercid implications of gpplying eectrica energy storage technologies to the
integration of renewables and to develop awareness of the cgpabilities and uses of existing and
developing energy storage systems as gpplied to renewables.

Benefits include identifying how energy storage can be used to increase the vaue of renewable
generation. This has advantages for both owners of renewable generators and suppliers of energy
dorage systems. It dso has direct benefit in heping Governments achieve their Kyoto emissons
targets.

The details of the work programme are not defined as yet, but abasic framework will focus activities
on:

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

the benefits of Storage

dternaivesto Sorage

An internet discusson group has been st up to help develop the detalls of the work programme
definition. This group was st up about Sx months ago and currently has 65 members.  This has
proved to be an efficient and effective mechanism for communication across four continents.

Annex 15 is seen as a key enabling mechanism in moving the gpplication of energy orage to the
integration of new and renewable energy sources sgnificantly closer to market redisation. It is
intended that the participation base will be expanded from the exising Annex 9 participative
organisations and so0 the new Annex welcomes participation from countries and organisations who
have not previoudy been involved in the IEA Implementing Agreement’s work on eectrica energy
storage.
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Annex 16

PROPOSED ANNEXES

Annex 16. Engineering textbook on thermal energy storage and renewable energy

Operating Agent: B. Nordell, Luled 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.

Means and Activities

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

'/ 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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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 requirementsin
different countries. Consequently, given examples must picture the Stuation in different countries and
climates. Environmental benefits of the technology must be included.

In the new textbook different technologies should be described as part of a syssem. Smple design
rules, detailed design cdculations and modelling should be treated.

Definition of the potential reader groups
As afirg sep the potentid readers must be defined. Should the content be divided into different
levels of information? Generd, Engineering and Scientific informetion?

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 a so have to decide which types of storage systems that should be treated. Seasona
storage and short-term storage? Therma storage and PCM? Underground storage? Geotherma
energy? ATES, BTES, CTES? Snow 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 vitd information for the annex, e.g. environmenta aspects must be
considered. For this we have to define keywords for a literature search, perform the search and aso
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 find work.

Writing and Proof-reading

Mogt of the available project time will be spent on writing and proof reading. Here we should also
find good pictures of current projectsto be included in the text. This part requires eectronic
communication to speed-up the process.

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

At the end of thistask we also have to consder next stage of the annex, the development of an
Internet course based on the textbook.

Project Management and Reporting
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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 :
pecial 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.

On completion of the Annex, dl participating experts will disseminate the textbook through suitable
nationd activities (i.e. ssminars, 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 University 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 shal 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 atota of 24 man months of which hdf is estimated for the Operating Agent.

Results

The deliverables of the Annex are:
Engineering Textbook on Thermd Energy Storage and Renewable Energy.
Nationd activities for dissemination.
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A new annex proposa to establish an Internet based education on therma energy storage.

Time Schedules

This Annex shdl run for two years (June 2000 — June 2002). The Internet will be used for most of
the information exchange but at some occasions there must be some time in Experts Mestings, for
round-table discussions and presentations of idess.

Meetings 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 | 39Experts Meeting

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

Final Writing and Proof-reading

National activitiesto promote the textbook

2" Stage: I nternetbased course June 2002

Levd of Effort

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 hot atending the meeting.

Information and Intellectual Property

It isof vitd importance to have amutud understanding and agreement upon the strategy for rights to
intellectual property of the textbook
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PROPOSED ANNEXES

Annex 17 Advanced Thermal Energy Storage Techniques Feasibility Studies and
Demonstration Projects

1. Description of Technical Sector

Energy storage serves a least three different purposes.

Energy conservation

Natura energy sources

solar energy
utilization of differencesin outdoor temperature between night and day

Waste energy utilization

Peek shift

Shifting the energy peak from the more expengve daytime to the more chegp nighttime

Power conservation

Running energy conversion machines on full load instead of part load reduces the power demand

and increases the efficiency of the machines.

Storage of therma energy can be performed by sensible heat storage, e.g. heating a materia to a
high temperature a loading and cooling it down a deloading. Water is acommon materid for
sensible heat storage at temperatures between 5 and 100 oC. The storage density isin the order of
0,01 MWhm3
Another way of storing therma energy is the utilization of the latent heat of phase change materids.
Usudly the heet of mdting is utilized. The heat of mdting is 80 to 100 times larger than the heat
required for heeting a materia one degree. The energy density of the storage becomes in the order of
0,1 MWH/m3. The use of liquid -vapor phase change further increases the energy densty.
The use of chemica reactions for therma energy storage expands the temperature range for storage
and aso increases the potential energy dendty in the storage up to IMWH/mS3.
Chemicd reactions for thermd energy storage are however combined with a heat pumping effect.
Energy at alow temperature level has to be provided in order to discharge the storage. This energy
isfor instance used for vaporization of water. At the charging process energy is withdrawn from the
process for instance by condensing water. The chemica contrary to phase change materials for
therma energy storage therefor has to be combined with utilization of energy and also requires
energy for decharging.
The storageitself could be an underground thermal energy storage (UTES). The storage mediaisthe
groundwater (Aquifer Therma Energy Storage) or the rock or soil itself (Borehole Thermd Energy
Storage, Cavern Thermd Energy Storage). A cavern could be filled with snow or ice utilizing the
latent heet of melting of the weter.
The storage could dternatively be made in tanks or containers. A phase change materia could aso
be included in materids for congtruction.
The scope of the work undertaken in this annex includes therma energy storage by solid-solid, solid-
liquid, liquid -vapor and solid-vapor phase trander, for ingance mdting/solidification,
crystdlization/solubilization, vaporization/liquefaction as well as by solid sorption processes and by
chemicd reactions.
The difficultiesin using phase change materias for energy storage are
(& finding suitable materids for the required temperature range
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(b) mass and heat trander limitations

(¢) phase separation, subcooling and other irreversabilities of the system

(d) system integration

The thermal energy that needs to be stored comes from different sources. Solar energy and district
hegting are just two possibilities. In these fields collaboration with the implementing agreements
“Solar Heeting and Cooling” and “ Didtrict Hegting and Cooling” is planned.

Three main areas of gpplication will be covered in the annex:

Heating and cooling of buildings

Temperaure sengtive maerids

Waste hest utilization

1.1 Heating and Cooling of Buildings

The energy consumption for heeting and cooling of buildings in Germany was about 3180 PJ for the
year 1998. This is more than one third of the totd energy consumption. The average household in
Germany needs more that 75 % of its total energy consumption for space hesting. The cooling
demand in buildings increased repidly over the last few years. The reason, besde generd climatic
and architectural boundary conditions, is an increase in the interna cooling load and higher comfort
requirements. These aspects show the huge potentia in this field for the implementation of advanced
therma energy storage technologies.

The heating and cooling of buildings can be identified as one of the most promisng fields of
goplication for thermd energy storage (TES) by phase change materids (PCM) and chemica
reactions. Depending on the location and the use of the building, hesting or cooling is the main
goplication for the storage system. Due to high insulation standards and high internal heat production
in many of today’s buildings, cooling is necessary even in cold climates. Therefore many buildings in
fact need heating and cooling. A demondtration project concerning the use of adsorption systems for
cold and heat storage by the same system is planned.

PCM’s and chemica reactions can be used for heating and cooling in active or passive systems.
Active systems are defined by an actively supported charging or discharging process, for example,
by ventilated air or a pumped heat transfer fluid. They are coupled to the building's hesting or ar
conditioning system. The demonstration of active PCM storage with enhanced heat transfer
mechanisms is planned. Passive storage systems (only PCM’s) are an integral part of the building.
They can level out temperature changes in the building by raisng the therma mass of the building.
PCM’s can be integrated into building materials. Demonstration projects for the implementation of
these materials in old and new buildings will be carried out. The integration of PCM’ s in greenhouses
in hot climates for the purpose of temperature control will be investigated as an additiona
application.

1.2 Handling of Temper ature Sendtive Products

A tremendous amount of money is lost each year due to the damage of temperature sensitive
products and materials when exposed to operating temperature extremes outside of their design
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specifications. The area of interest includes for example, keeping products within certain
temperature limits during transport and protecting electronic equipment from overheating.

Both these application areas have seen a limited use of phase change materids (PCM’s) in
combination with improved insulation techniques to achieve improved protection. The potentia
advantages that can be achieved by utilizing the benefits of PCM’s in numerous temperature
sensitive gpplications is however, largely unknown. The objective of any demonstration projects in
this area will be to optimize the bounds of gpplication and to promote the suitability of incorporating
PCM’s.

In the medica field there is a large demand to be able to transport for example, blood, vaccines,
medication and transplant organs within very specific temperature ranges, no matter what the
environmental conditions. A demongiration project in this area will highlight the effect on
temperature control when incorporating PCM’ s in the transport containers.

Another area of interest is the transportation of fresh foods and flowers. The temperatures to which
they are subjected during transport tremendoudly affect the shelf life of these products. The water
content of fresh foodstuffs should not freeze nor should they be exposed to higher than normal
refrigerator temperatures. Today, either costly refrigerated transport equipment or the use of dry ice
is common. The disadvantages of today using dry ice are well documented. A demonstration project
will show how a passive system incorporating PCM’s is a viable and economically advantageous
aternative.

Most electronic equipment is susceptible to permanent damage when exposed to high temperatures.
A demondtration project will show how potential overheating can be limited by incorporating PCM’s
within the system. Of specid interest will be the problem of regeneration of the PCM back to its
solid state so that it is available in cycles as a heat sink during normal operation.

These demonstration projects will focus on economic viability and the advantages of incorporating
PCM’s over the dternatives of concentrating on expensive dynamic equipment such as air
conditioning and refrigeration equipment or the limited improvement gained by improved insulation.
This area of application is aso redisable in a relatively short space of time, and as such will
demongtrate the use of PCM's for applications in the building and waste heat management
industries. The spin off should be increased understanding of the technical and financia benefits of
incorporating PCM’ s and therefore a faster track to commercialization.

1.3 Waste heat utilisation

Industria processes often encompass awide range of temperatures and different heat and cold fluxes
in any one particular production ste. If supply and demand exist smultaneoudy, heat exchangers can
be usad very efficiently. In many cases however supply and demand vary in time and quantity.
Instead of using energy efficiently, dectricity is often used to generate heat and cold on the spot, just
where and when it is needed. This is convenient, but inefficient in economica and ecologica terms.
Heat and cold stores can fill this ggp and match supply and demand with respect to availability in
time and power.
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A wide range of methods for heat storage with different properties is avalable. Latent heet storage
by a solid / liquid phase change, for example, can be used to store heat or cold in a narrow
temperature range but with a large storage dendty. If appropriate heat transfer mechanisms are
applied, latent heat storage can aso be used to supply large heat or cold fluxes, while equipment to
generate the heet or cold is minimised in Size, while operating continuoudy. The functiond principle of
latent hest storage has aready been demondirated in severd fields. Waste heat utilisation however,
has mogtly remained on the technologica leve of hot water heat stores, with dl ther inherent
limitations. Due to the existence of commercia storage materials with phase change temperatures
from —=33°C to +120°C the potentia of latent heat storage however, is large, especidly for waste
heet utilisation. This temperature range can even be extended to higher temperatures if chemica
reactions are included.

Severd demondtration projects for waste heat utilisation are planned. In co-generation systems for
example, heet is produced in pardld with dectricity, but can often not be used a the same rate.
Presently, hot water heat stores are used to store the hest, but are not suitable as the temperature of
the waste hest is very close to the boiling point of water. Another option are drying processes, where
heat has to be supplied for along time, but might be available as waste heet in a short time process.
Further, al baich processes such as in chem. enginesring and food processng are potentid
goplications for heat stores. Suitable ones have yet to be identified.

2. Objectives

The objectives of this Task are to overcome technical and market barriers for introduction of long-
(seasond) or short-term phase change and chemical reaction thermd energy storage for energy
savings and for reduction of pesk demand of energy in buildings, agriculturd and industria
goplications. Specificdly thiswill be achieved by the demongtration of therma energy storage with
phase chenge materias or chemica resctions

in building materids

for cold and heat storage for comfort purposes

for long and short term storage in the food sector including the transportation of

food and other temperature sensitive goods

for gpplicationsin industria processes.

3. Means

The Participants shall share the coordinated work necessary to carry out this Task. The objectives
shdl be achieved by performing case studies and demonstration projects on therma energy storage
with phase change materias or chemicd reactionsin the building, the agriculturd and the industrid
sector. The result of the projects should be distributed to the participating member countriesin the
annex. If possble the projects should be performed jointly between two or more of the participating
member countries.

Semi-annua meetings should be held for discussion of the results and for arrangement of workshops.
Observers from non-member countries are encouraged to participate in the workshops and to take
part in the information exchange except for what is stated in Article 10.

4. Reaults
The reaults of this Task shdl be
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periodic documents and interim progress reports on the results achieved under the Program of
Work

recommendations for future case studies shdl be given by priority by the Participants.

final report describing the work carried out under this Task. Thefind report should restate the
scope and objectives of the Anne, its findings and documentation of case studies and
demondtration projects

5. Time schedule

This Annex shdl commence 14 of July 2001 and remain in force until 30t of June 2004. It may be
extended by agreement of two or more Participants, acting in the Executive Committee, and taking
into account any recommendations of the Agency's Committee on Energy Research and Technology
concerning the term of this Annex. Extengons shdl apply only to those Participants who agree to the
extengon or who notify the IEA Secretaria of their decision to continue to participate.
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Completed Annexes

Annex 8 | mplementing Underground Thermal Energy Storage Systems

Operating Agent: B. Nordell, Lulea University of Technology, Sweden

The find Annex 8 experts meeting was held dready in June 1999 at Storforsen, Sweden. After that
the completion of the annex meant to write a find report, to the ECES Executive Committee,
summarizing dl work performed during the years 1994-1999. Most of this work was done during
2000.

A preliminary find report was prepared and available on the annex 8 homepage before the Executive
Committee Meeting in Tokyo, Jgpan (November 2000). At that meeting the ECES Executive
Committee decided to gpprove the Finad Report, conditionaly. The decison was that comments
from delegates of the Executive Committee and dso the Annex 8 Experts would be suggested to the
Operating Agent before the 1 December 2000. Then the Operating Agent had two weeks to revise
and correct the report. This was fulfilled and the Approved Final Annex 8 Report was completed on
the 15" December 2000. [http://www.sb.luth.se/~bon/bon/I| EA/ax8report.html |

Asareault of Annex 8 some new activities are being planned. Some of these would possibly lead to
new ECES annexes. The suggested new projects were:
UTES Textbook (B Nordell, Swveden): 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 Hdlstrém, Sweden). Continued work on evauation and
testing of available modds. Databases for important UTES data should be made avallable via
Internet or CD.
Marketing Activities and Industrid Collaboration (G Bakema, Nehterlands).
Technica Innovation and New Development (M Reuss, Germany).
Legd & Environmental Aspects (O Andersson, Sweden).
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Annex 9. Electical Energy Storage

Operating Agent: Alan Collinson, EA Technologies, UK

The find report has been prepared for the ECES Executive Committee as an executive overview of
Annex 9. The Annex 9 (Phase 2) project is now successfully completed. The project has produced
severd useful reports, including a case study report of energy storage systems and a project
definition report, which defines the framework for two potentiad demongtration projects (one for a
power qudity application and one for a utility-scale bulk storage project). A computer modd for
evauating power quaity gpplications has been developed and a requirement specification has been
produced for the definition of a network gpplications model. Generd awareness of energy storage
has been raised through the production of additiond promotional materid, including the Annex 9
publicity brochure, two Annex 9 newdetters and two “how-to” guides (one looking a the
goplication of energy storage to power quality problems and the other looking at utility-scale energy
storage). Use has aso been made of the internet, with a dedicated Annex 1X web site, operated by
one of the annex participants. Annex 9 participants used the EESAT 2000 conference, which took
place in September 2000, as a further opportunity to disseminate information related to eectrica
energy storage technologies and gpplications.

The participants in Annex 9 (Phase 2) included the following countries:

Canada

Fnland
Germany
Netherlands
Span

Sweden

United Kingdom
United States

The Annex 9 Work Programme consisted of the following subtasks:

Subtask 1. Applications Case Studies

Subtask 2: Project Definitions

Subtask 3: Applications Modelling

Subtask 4: Information Collation & Dissemination
Subtask 5: Complementary R&D Programmes
Subtask 6: Project Management

Project management for Annex 9 was achieved through severd mechanisms.  Regular

expertgparticipating agent meetings were arranged and where a physica meeting of participating
agents was not practicad, then use was made of teleconferences. Electronic mal and one-to-one
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telephone communications were used for day-to-day project management issues. Progress was adso
reported to the ECES Executive Committee every sx months.

The following experts/participating agents meetings and tel econferences took place during the course
of the project:

- Firgt ExpertdPA Meeting EA Technology Offices, UK June 1998
- Second PA Mesting Atlanta, USA Oct. 1998
- Firg Teleconference Europe, USA Dec. 1998
- Second Teleconference USA/Europe Feb. 1999
- Third Teleconference USA/Europe Mar. 1999
- Third Experts/PA Meeting Elforsk Offices, Sweden June 1999

It was origindly planned to carry out the project over an 18-month period, with completion in
September 1999,  The project overran dightly on those timescales, with find completion of all
deliverables in November 1999. The project is now complete. The project budget overspent by
approximately 20% (£155,000 total expenditure against an income of £127,000). The project
overspend was borne by the Annex 9 Operating Agent.

The Annex 9 work programme was recently reviewed by the Renewable Energy Working Party
(REWP). The REWP members found that the Annex 1X focus was on near-term utility needs and
did not undertake enough work on longer-term renewable-related energy storage needs. Indeed,
the need for more work in the area of "integration with renewables’ was do identified by the Annex
9 participants and the Operating Agent.Other Implementing Agreement representatives agreed to
detall their needs and describe previous work carried out on storage in order to help define the next
deps. The man needs for eectricad energy storage come from the wind, photovoltaic and
dectrichybrid vehicdle implementing agreements. The feedback from other Implementing
Agreements led to the development of the Annex 15 proposd, entitled “Electrical Energy Storage
and the Integration of New and Renewable Energy
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Collaborative Groups, Workshops and M eetings

IEA Energy End-Use Technologies Working Party Workshop, October 4, 2000, Vienna
Renewable Energy Technologies Working Party Workshop, October 11, 2000, Paris
Joint Executive Committee Meeting with ECBCS IA November 8, 2000, Tokyo, Japan

Participation in Future Buildings Forum, Building Coordination Group and Building Related
Implementing Agreements
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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
Mestingsin 1998. The fina document was gpproved 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

©COoNoOOWDNE

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 technicd potentid to
subgtitute for burning foss| 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. Therma and eectrica energy storage systems
enable greater and more efficient use of these fluctuating energy sources by matching the energy
supply with demand. Therma energy storage can aso be used for cooling to reduce or eiminate
the demand for dectricity, including the most expendve dectrical  energy thet is generated during
periods of peak power demand.

The Implementing Agreement on Energy Conservation 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 rlevant in many IEAImplementing Agreements, especidly in the building and trangport 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 thefirgt ail crigs, highest priority was given to improving the ener gy security of highly
indudtridized countries. At that time, many countries were completely dependent on imported oil.
Today the dtuation has changed. The dependence on imported oil continues, but the rate of growth
of petroleum products is dowing, and chegp foss| fudls are currently available. However, the further
unlimited use of fossl fuels is causng a steady increase of energy-rdated CO,-emissions into the
earth’'s amosphere. This may lead to changes in the world dimate in the medium and long term.
Additiondly, the use of conventiona mechanica cooling utilizing ozone depleting substances (ODS),
such as CFC and HCFC refrigerants, is aso amajor concern.

In December 1997, the Parties to the UN Framework Convention on Climate Change agreed to
the terms of the Kyoto Protocol. This higtoric agreement sets legdly-binding greenhouse gas
emission objectives over the period 2008-2012 for industrialized countries. The energy sector, from
supply to end use, is respongble for the mgority of greenhouse gas emissions in the developed
world, through the combustion of fossi| fuels and the emissons of CO,, N,O and CH,, three of the
SiX gases covered by the Protocol.

Many governments have committed to reduce CO, emissons into the amosphere. They have
decided to drengthen their nationa efforts to increase the deployment of energy conservation
technologies and utilization of renewable energy sources. So far in most industridized countries,
renewable energy sources contribute only margindly to satisfy energy demand. Thisis due to severd
reasons, in particular because new energy systems are not yet economicaly competitive with the
combugtion of fossl fuels, long term rdiability is not yet proven, and there are gill some regulatory
and market barriers which have to be overcome. Therefore, further attempts have to be made to
resolve these issues. This is epecidly 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 has the following misson and vison for the
Programme:

30 |[EA ECES Annual Report 2000



Strategic Plan 1999-2003

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.\ision

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 main
objectives are:

TECHNOLOGY : Advance the development of thermd energy storage technologies utilizing waste,
renewable or ambient energy sources to supply space heating, space cooling and process cooling to
achieve dgnificantly improved energy efficiency and cod-effectiveness. Research and develop
electricd 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 applications, fied trids
and products. We will advocate that adequate design information on innovative energy storage
technologies is made available to interested groups in industry, government, and academia.

ENVIRONMENT: Evduate and document the many environmenta benefits of energy storage and
ensure that potentia 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
environmenta benefits, and advocate that impartia technica information is made available to dl
gakeholders involved in the implementation of energy storage.

MARKET: Encourage the required steps be taken to achieve the proper application of proven
energy storage technologies world-wide in the commercid, indudtrid 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 non-residentia
buildings in a pos-CFC world; develop methods to integrate energy storage technologies into
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community-based systems, and develop effective resdential cold storage techniques that avoid the
use of conventiona chillers in moderate climates. Heating and cooling gpplications are part of the
market, but economic and technicd limitations indicate that cooling is the firgt priority, followed by
combined cooling and heating, and lastly heating. We will develop and encourage deployment of
electricd gtorage with renewable generation technologies where market conditions favor off-grid
implementation (many developing countries and remote locations world-wide). Short-term eectrica
dorage will be investigated to improve power qudity and rdiability in dl types of commercid
endeavors. Longer duration eectrical storage will be consdered for pesk shaving, system stahility,
and improved asset utilization in utility networks.

In generd, we will esablish and drengthen new and exigting internd and externd internationd
networks that may result in increased implementation world-wide of many energy Storage
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 is impeded by significant
barriers.

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

Gresat energy saving and foss| fud subgtitution potentid.
Opportunity to assst in meeting CO, emissions targets.

Market deployment will create new jobs.

Enhanced energy security through the use of storage technologies.

Threatsand Challenges

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

Highinitid cogs.

Avallahility of chegp fossl fuds.

National regulations of groundwater protection often impede the implementation of aquifer
thermal energy storage.

Perceived high technica and financid risksfor the owner.

Lack of knowledge and the need for education.

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.
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W eaknesses
Lack of sufficient funding for RD&D of thermd and dectrica energy Storage systems.
Early demondtration plants had overly optimistic expectations and were not highly reliable.
Cooperation is mainly research-oriented, there has been poor or insufficient involvement of
indugtry.

7. Collaboration with other Executive Committees

Closer cooperation among the relevant Executive Committees is essentid, especidly for the Storage
Programme. Storage technologies have to be integrated with the total system and have to meet the
specific technica and economic requirements of the gpplication. 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 intensify the cooperation with other
Executive Committees in the future. One way this will be done is by joint workshops to identify new
cooperdive joint activities. Close collaborations will be edablished in the Resdentid and
Commercid Sectors especidly with the following Programmes:

Solar Heating and Cooling

Energy Consarvation in Buildings and Community Systems

Heat Pumping Technologies

Digtrict Heeting 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 egtablished by internationd reviews of the sate of the art, assessment and market studies,
and congruction and monitoring of pilot and demondration plants.

The technical as well economic risks to implement new energy storage technologies have been
reduced.

Nationd and internationa 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 trandfer and information dissemination have continued with the sponsorship of
workshops and international conferences, including the series of Internationa Therma Energy
Storage  Conferences  (Enerstock’85, Jigastock’88, Thermastock’91, Calorstock 94,
Megastock”97) and the Electrical Energy Storage Conference (EESAT 98).

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

33 |[EA ECES Annual Report 2000



Strategic Plan 1999-2003

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
IEAProgrammes. 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 thermd storage systems for solar therma power plants).
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 Heeting 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.
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Follow-on to Annex 8: Implementation of underground therma energy storage.
Follow-on to Annex 9: Filot and demondration electrica storage plants. Develop consortia and
explore funding mechanisms to redlise demongtration schemes within a reasonable time scale,
Evauation of dectrical storage systems for use with renewable resources and demongration of
the environmenta benefits of reduced greenhouse gas emissions.
Research dectrica energy storage for competitive dectricity supply markets and determine the
economic advantages of storage for pesk shaving, capitad equipment deferrd and frequency
regulation applications.
Annex 14: Coaling in dl dimates with therma energy storage systems (Task Definition Phase).
Short term cold storage for DSM (demand side management)
Comprehensive evaduation of the environmental and indoor consequences of energy storage by
reviewing present nationa efforts and development of a validated methodol ogy.
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 Hegting and Cooling IAswill be ussful.
Evduation of the benefits of hot and cold storage with heat pumps, especidly the advanced
generaion of heat pumps, in collaboration with the Heat Pump IA.
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 assdting the
implementation of energy sorage 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 Hesting and Cooling Programme.
Publication of the ectronic journa: Underground Therma Storage and Utilization /2/.
Publication of Programme and Annex brochures and reports on Internet /2/.
Continuous eva uation and preparation of Sate-of-the-art reviews.
Joint efforts should be initiated to implement new energy storage technologies in al countries with
an interest in gorage or with a sgnificant energy storage market potentid.

11. Participation

The following countries and corresponding organizetions have sgned the IEA Energy Storage
Implementing Agreement:

Bdgium, Minigtry of Economica Affars

Canada, Public Works Canada

Commisson of the European Communities

Denmark, The Minigtry of Energy

Finland, Technology Development Centre TEKES

Germany, Forschungszentrum Jilich GmbH

Itdy, Ente per le Nuove Tecnologie | "Energiae |’ Ambiente (ENEA)
Japan, Heat Pump & Therma 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
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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.

12. References

/1/ CALORSTOCK "94: 6th International Conference on Therma Energy Storage, August 22-25,
1994 Espoo, Finland, Proceedings pp. 303-339.

MEGASTOCK 97: 7th Internationa Conference on Therma Energy Storage, June 18-21, 1997,
Sapporo, Japan, Proceedings pp. 1003-1026.

EESAT 98, Electricd Energy Storage Systems Applications & Technologies, June 16-18, 1998,
Chegter, UK, Proceedings.

12/ Internet Website addresses:

http:/Amww. so.luth.sefvatten/projectsieal (generd information, task and annua reports)
http:/Amww.egtl .co.uk/annexI X/home.htm and http:/AMww. eus.de/energy-storagel (Annex9)
http://www.chemeng.kth.se/avdel ningar/ts/annex10/index.htm (Annex10)

http:/Amww.geo-journa .stockton.edu (electronic journd)

http:/Amww.itw.uni-stuttgart/ TERRASTOCK
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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 is an autonomous agency linked with the Organisation for Economic Co-operation and
Development (OECD). The IEA's main decison-making body is the Governing Board, composed of
senior energy officias from each Member country. Under norma circumstances, the Governing
Board holds regular mesetings severd times a year. Mestings & Minigerid levd are hdd 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.

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 economicad, 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 technica 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
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 technicd risks. The IEA programme places emphasis on expanding co-operation with industry.
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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 eectric 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 Analyss and Dissamination of Demongtrated Energy Technologies
(CADDET)
Digtrict Heeting and Cooling
Electric Vehicle Technologies and Programs
Energy Consarvation and Emissons Reduction in Combustion
Energy Consarvation 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)

Pulp and Paper

An Implementing Agreement: is a framework, which facilitates the initiation, implementation
monitoring and review of internationd collaborative efforts. Implementing Agreements can
encompass any phase of the technology cycle research and devel opment demondtration, validation of
technica environmental and economic performance market deployment or information: exchange:
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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  internationa entities may dso join the Implementing Agreement under a
gpecia designation termed Sponsor Participation provided they obtain prior goprova 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 consdered 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 a common work program.

Implementing Agreements are lega 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

Implementing Underground Energy Storage Systems

9 Electrical Energy Storage Technologies for Utility Network Optimisation
Ongoing Annexes

OO~ WDN P

0 ~

10 Phase Change Materials and Chemical Reactionsfor Thermal Energy Storage
12 High Temperature UTES
13 Design, Construction and Maintenance of UTES Wells and Boreholes
14 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
17 Advanced Thermal Energy Storage Techniques Feasibility Studies and Demonstration

Projects

Previous Annexes

Annex 1. Large Scale Thermal Storage Systems Evaluation

Annex 1 was a technical 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
Mesting in April 1983. Paticipating 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 |ake storage and to demondtrate the feasibility
by the congtruction of alarge-scae pilot plant in Mannheim, Germany. Congtruction of the plant was
cancdled after falling to achieve an economic design.

Annex 3. Aquifer Storage Demongtration 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 vertica well with horizontal drains. The project was
commonly caled SPEOS. Wadte heat from a municipd facility was stored in summer and used for
space heating and domestic hot water of a gymnasum. 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 gpplication of hot water storage systems and produced
a dtate-of-the-art report. It focused on various measures to maintain thermal gtratification. The Annex
was closed in 1988. Participating countries. The Netherlands (OpA), Germany, Sweden, USA
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Annex 5. Full-scale Latent Heat Storage I nstallations

Annex 5 involved the inddlaion and monitoring of latent energy storege inddlations 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 Minisry for Research and Technology. As a result of the workshop
recommendation to concentrate on monitoring pilot and demongration plants to provide reigble
performance data, an Annex on Full Scale Latent Heat Storage Ingtalations 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 Aquifers and
Resear ch and Development of Water Treatment Methods

Annex 6 dedt with the chemica and environmental aspects of thermd energy storage in aquifers. A
mgor potentia problem of aguifer energy dorage is the scding an clogging of wells and hesat
exchangers. To avoid these problems reliable and ecologically sound methods of water trestment are
required. The development and testing of the chemicd, micro-biological and environmenta effects of
ground-water trestment methods were the objectives of Annex 6. The work was initiated in 1987
and extended through twelve expertsl] meetings 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 amed to demondirate innovative, energy efficient and cost-effective cold storage design for
avariety of building types and industria applications to encourage the adoption of cold storage as a
dandard design option. More specificdly, it evauated effective storage control and operating
drategies, evauated 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 eight
expertsl] meeting into 1993. The Annex was formdly closed by the Executive Committee in 1996.
Participating countries. Canada (Op. A), Germany, Netherlands, Sweden.

Annex 8. Implementing Under ground Thermal Energy Storage Systems

Annex 8 ams to speed the introduction of Underground Therma Energy Storage in the building,
industrid 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 applications. The fird experts meeting was hed May 1994 in Sweden. Participating
countries. Sweden (Op. A), Begium, Canada, Germany, Netherlands, Turkey, USA, Japan. Find
report can be reached at [http://www.sb.luth.se/~bon/bon/I EA/ax8report.htmi |

Annex 9. Electrical Energy Storage Technologiesfor Utility Network Optimisation

Annex 9 will examine the potentid role of dectricd dorage technologies in optimisng eectricity
supply and utilisation. It will identify and overcome barriers to widespread adoption of eectrical
energy storage technologies through successful demongtration projects. Annex 9 was proposed by
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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.

Ongoing Annexes

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 Environmenta Research from Turkey. Phase | of the annex is planned to end in June
2001.

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.

Annex 17. Advanced Thermal Energy Storage Techniques Feasbility Studies and
Demongtration Projects

The objectives of this Task are to overcome technical and market barriers for introduction of long-
(seasond) or short-term phase change and chemical reaction thermd energy storage for energy
savings and for reduction of pesk demand of energy in buildings, agriculturd and industria
goplications. Specificdly thiswill be achieved by the demongtration of therma energy storage with
phase change materias or chemical reactionsin building materids, for cold and hegt storage for
comfort purposes, for long and short term storage in the food sector including the trangportation of
food and other temperature sensitive goods, for gpplicationsin industrial processes.
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APPENDIX 3-LIST OF PUBLICATIONS

Strategy Plan 1999-2003

Internet Ste: http://cevre.cu.edu.tr/eces/

Annex 8
Fina Report, [http://www.sh.luth.se/~bon/born/I EA/ax8report.html|

Annex 9

Coallinson, A., Stones, J.C.& Tyson, A. “Electrica Energy Storage:Network Application Case
studies’ EATL Report No. 4829, April 1999.

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

Coallinson, A., Stones, JC.& Tyson, A.” Applications Modelling of energy storage’, EATL Report
No. 5029, November1999.

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

Callinson, A., Stones, JC.& Tyson, A. “Annex | X Phase 2 (Electricd Energy Storage) Find
Report” EATL Report No. 4073, November1999.

Annex 10

Marketing brochure

Country state-of-the-art reports

Materids database

Fact sheets for case studies and demonstration projects
Internet Ste: http://www.ket.kth.sef Avde ningar/ts/annex10/

Annex 12
SANNER, B. (ed.) (1999): High Temperature Underground Thermal Energy Storage, State-of-the-
art and Prospects. - Giessener Geologische Schriften 67, 158 S, Giessen

SANNER, B. & KNOBLICH, K. (2000): IEA ECES Annex 12 - High Temperature Underground
Therma Energy Storage. - Proc. TERRASTOCK 2000, S. 17-24, Stuttgart

SANNER, B., REUSS, M., MANDS, E. & MULLER, J. (2000): Therma Response Test -
Experiencesin Germany. - Proc. TERRASTOCK 2000, S. 177-182, Stuttgart

Annex 14

Draft state-of-the-art report for Canada

Fina state-of-the-art report for Japan

Draft gtate-of-the-art report for Sweden

Fina state-of-the-art report for Turkey

CD-ROM'’ s containing papers presented at the First, Second and Third Workshops
Internet Siter hittp://cevre.cu.edu.tr/annex14/
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APPENDIX 4 - PARTICIPANTS OF 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

Italy 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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