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EXECUTIVE SUMMARY

The year 1998 has been a year in between - darting of new annexes, welcoming new
countries and participating in STOCK-Conferences - dthough full of activities. The
Implementing Agreement celebrated in a dignified way its 20th Anniversary at the "roof of
New Mexico’, USA, during the autumn meeting in December 1998.

The Executive Committee has taken specia concern of the Conferences EESAT ‘98 and
2nd Stockton International Conference. A great adminigtrative effort was spent on the 1998
CERT Review of the Implementing Agreement for the period 1995 1997 and the
preparatory work for the new Strategic Plan for 1999-2003.

The EESAT ‘98 was an important milestone and a position-maker for the Technology
advance on the topic on Electricad Energy Storage. The Conference attracted some 140
delegates from 15 countries, was a mgor dissemination event for the Annex 9, and dso
honoured by the Director of the IEA, Hans Jorgen Koch, who spoke in the opening session.

The 2nd Stockton International Conference (some 150 delegates) had a broad contribution
of presentations both from annex 8 experts and outside annex 8. Workshops on computer
modelling were adso arranged back to back to the Conference. Another important result
from this Conference was the Electronic Journd of Underground Thermd Storage and
Utilization - with and without heat pumps. An International Peer Reviewed Journd on
Energy Consarvation

(http: //mww.geo-journal .stockton.edu/ )

The CERT review is undertaken every four years and forms an integra part of the ongoing
overview of the IEA Energy Technology Collaboration activities by the CERT.

The Implementing Agreement’s report to the CERT was discussed and reviewed by the
EUWP. The Discussant’s report complimented the Agreement for its objectives, activities
and operations. The objectives and goas are general and broad and reflect the nature of the
area. Although, the report encouraged further broadening of the scope of the Agreement’s
activities and suggested that aternate Executive Committee members could be appointed
with complementary experience.

The Strategic Plan for the Implementing Agreement outlines the scope and the godls of the
Storage Programme for the five-year period 1999-2003. It will serve as the basic working
document to guide the future work. The Mission of the Programme is "to research,
develop, implement and integrate energy storage technologies to optimise energy
utilisation by improving overall energy efficiency and economic growth while
benefiting the local and global environment.”

The Implementing Agreement has a0 been involved in other collaborative activities dso
with other Implementing Agreements:
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The Future Building Forum aranged a workshop in Stockholm, June 1998 on the
subject of Low Temperature Heeting Systems and High Temperature Cooling Systems
where the UTES activities and prospects were presented.

The preparation works for the EUWP Seminar in Stockholm, April 1999, where the
Strategy Plan for the Implementing Agreements in the Building Sector will be presented
and discussed,

The preparation work for the TERRASTOCK 2000 Conference, Stuttgart, Germany,
September 2000,

The Energy Storage Conference in Indore, India, February 1999, in which India
expressed interest to participate in the IEA Storage activities.

Three annexes (10, 12 and 13) started the activities during the year (forma decison on start
- December 1997) and have been worked out very well. The state-of-art and detailed
workplan and specifications have been discussed and documented in workshops and expert
meetings for each annex. Through the ongoing annexes (8-13) the collaboration with other
implementing agreements will continue in the way that have been outlined in the Annua
reports 1996 and 1997.

The activities in the annexes are the cornerstones of the Implementing Agreement and hence,
of greatest importance for the |A's business.
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|[EA ECESIA - Executive Committee

Introduction

The Implementing Agreement (IA) started in 1978 and was recently extended to the year
2000. It has now (1998) 14 members. Belgium, Bulgaria, Canada, CEC, Finland, Germany,
Itay, Japan, the Netherlands, Poland, Sweden, Turkey, United Kingdom, and USA. During
the past year the Executive Committee has worked intensively to attract more countries to
join the activities and to sign the Implementing Agreement. As a consegquence Japan, Poland
and Bulgaria are new members of the year and Audtrdia, China, India, South Africa, Spain
and Switzerland have expressed interest to participate in the activities of the Implementing
Agreement.

The Executive Committee is working on the Strategy Plan for the period 1998 - 2000,
which mainly will be an update of the present Strategy Plan (1994-1997).

According to the present Strategy Plan the objectives for the |A are:

" The overall objective of the 1A 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. Recently, the following magjor conferences are worth mentioning.

EESAT 98 in Chester, UK (June 1998) on Electrical Storage

2nd International Stockton Geothermal Conference, March 1998

Energy Storage for Meseting Power Criss: A Futuristic Option, February 1999, Indore,
India

TERRASTOCK ‘2000 September 2000 in Stuttgart, Germany

During the year the Executive Committee was engaged in the planning, and performing of
these conferences.

The Executive Committee had two meetings during the year. The firs meeting was held in
Chegter, UK in June and in Albuquerque, USA, in December.

The Chester Mesting, June 1998

The most important items and decisons of the Chester meeting are outlined below.
The Implementing Agreement was reviewed by the CERT during spring and the results
were that the | A has a good development with a broader scope of work, which had
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contributed to the attraction of new countries. The chalenges were to have a common
fund for the secretariat’s expenses and to introduce a new Strategy Plan.

The work in the annexes proceed very wdl which are the basis for success and
atraction to the lA.

The collaboration with other IAsisimportant and emphasised. It will be organised
through the work in the annexes and by the secretariat. Assistance from the IEA officeis

necessary.

The Albuguerque Meseting, December 1998
The most important discussions and decisons are outlined below.
- New countries of interest, South Korea (observer at the meeting), India, China, Spain
(member February 1999), Switzerland, Poland, Bulgaria.
ThelA 20 year anniversary
1<t draft new Strategy Plan
Decisgon on Common fund for the Secrestriat's extra costs.
Decison on task definition phase for anew annex: Cooling in All Climates with Thermd
Energy Storage (TES)
Approva of al annex reports and the extenson of Annex 12, phase 1.
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IEA GENERAL INFORMATION

Framework of the International Energy Agency (IEA)

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

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

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

A Secretariat, with a staff 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 specidised energy topics. An Executive Director gppointed by the
Governing Board headsthe 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 globad energy baance. Higher economic
growth rates will result in non-indudiridised 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 a strong influence on the nature of nationa and globa energy priorities. IT
gppears that the need for internationd collaboration in energy strategy continuing to increase
in importance.

Objectives
To mantain and improve systems for coping with oil supply disruptions,
To promote rationd energy policies in a globa context through co-operative
relaions with non-member countries, industry and international organisations,
To operate a permanent information system on the internationa oil market;
To improve the world's energy supply and demand dsructure by deveoping
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dternative energy sources and increasing the efficiency of energy use;
To assg in the integration of environmental and energy policies.

Shared Goals

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

IEA countries recognise the significance of increasing globa interdependence in energy.
They therefore seek to promote the effective operation of internationd energy markets and
encourage diadogue with al participants. In order to secure their objectives they therefore
am to create apalicy framework consstent with the following goas:

Diversty, eficency and flexibility within the energy sector are badc conditions for
longer-term energy security: the fuels used within and across sectors and the sources of
those fuels should be as diverse as practicable. Non-fossil fuds, particularly nuclear and
hydropower, make a substantid contribution to the energy supply diversty of 1EA
countries as a group.

Energy sysems should have the ability to respond promptly and flexibly to energy
emergencies. In some cases this requires collective mechanisms and action: 1EA countries
co-operate through the Agency in responding jointly to oil supply emergencies.

The environmentdly sustainable provison and use of energy is centrd to the achievement
of these shared gods. Decison-makers should seek to minimise the adverse
environmenta impacts of energy activities, just as environmental decisons should teke
account of the energy consequences. Government interventions should where practicable
have regard to the Polluter Pays Principle.

More environmentally acceptable energy sources need to be encouraged and devel oped.
Clean and efficient use of fossil fudsis essentid. The development of economic non-fossl
sources is aso a priority. A number of IEA members wish to retain and improve the
nuclear option for the future, a the highest available safety standards, because nuclear
energy does not emit carbon dioxide. Renewable sources will dso have an increasingly
important contribution to make.

Improved energy efficiency can promote both environmenta protection and energy
security in a cost-effective manner. There are sSgnificant opportunities for greater energy
efficiency at dl stages of the energy cycle from production to consumption. Strong efforts
by Governments and al energy users are needed to redise these opportunities.

Continued research, development and market deployment of new and improved energy
technologies make a criticd contribution to achieving the objectives outlined above.
Energy technology policies should complement broader energy policies. Internationa co-
operation in the development and dissemination of energy technologies, including industry
participation and co-operation with non-member countries, should be encouraged.
Undigtorted energy prices enable markets to work efficiently. Energy prices should not
be hdd atificidly below the cogts of supply to promote socid or indudtria gods. To the
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extent necessary and practicable, the environmenta costs of energy production and use
should be reflected in prices,

Free and open trade and a secure framework for investment contribute to efficient energy
markets and energy security. Digtortions to energy trade and investment should be
avoided.

Co-operation among al energy market participants helps to improve information and
understanding, and encourage the development of efficient, environmentaly acceptable
and flexible energy systems and markets worldwide. These are needed to help promote
the investment, trade and confidence necessary to achieve globa energy security and
environmental objectives.

The IEA Minigters adopted the " Shared Goals' at their 4 June 1993 mesting in Paris.

Committee on Energy Research and Technology (CERT)

Fostering energy technology innovation is a centra aspect of the IEA's work. Development
of sifer, more efficient technologies is imperative for energy security, environmenta
protection and economic growth. Equaly essentid is the widespread deployment of these
more economica, environmentaly benign technologies. But progress in energy technology
research, development, demonstration and deployment implies investment. Two decades of
IEA experience have shown that internationa collaboration on these activities avoids
duplication of effort, cuts costs and speeds 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
deding with technologies for fossl fuds, renewable energy, efficient energy end-use and
fuson power, as wdl as its expert groups on eectric power technologies and technology
assessment methodologies. The Programme enables experts from different countries to
work collectivdly and share results, which are usudly published. The Programme's
objectives are

- improved energy efficiency and technology reiability;

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

- reduced environmental impact of energy-sector activities,

- Co-operation with non-member countries.

Practicd dements of the Programme include:

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

- ghaing of practicd experience and exchange of information through joint studies,
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 codts;
remove barriers to market deployment;
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fodter sharing of operaing experience and expand generd awareness of technologica
capabilities.

The Implementing Agreements provide the legd mechanism for establishing participants
commitments and the project's management dructure, and for ensuring digtribution 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 international organisations).
Resources come from participants. Benefits include not only pooled resources and shared
cods, but aso harmonisation of Standards and hedging of technical risks. The IEA
programme places emphasis on expanding co-operation with industry.

More than 30 countries are involved in Europe, America, Asia, Australia and Africa. Flexible and
dynamic, the programme is expanding steadily as the advantages of international collaboration secure
wider recognition. Some forty Agreements operate currently, involving a total 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 heating and
cooling, wind turbine systems, advanced fuel cells and electric vehicles. Energy technology information
centres have also been set up under the programme. Concern for the protection of the environment is
reflected strongly in the mandates of both long-standing and more recent I mplementing 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 officials from member countries
who have a broad knowledge of their countries' activities in those particular areas. They help focus
research and development initiatives and review the status of technology development and deployment.
Working Parties identify areas of mutual interest among countries and, if warranted, initiate
Implementing Agreements, which they then review and guide on a regular basis. Working Parties also
exchange information on the status of national programs and on the development of technol ogies.

Working Party on Energy End Use Technologies

Infrastructure energy systems, buildings, industry, agriculture and food, eectricity end-uses
and crosscutting technologies are the current thrust areas 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.

Implementing Agreements
Advanced Fud Cdls
Alternative Motor Fuds
Centre for the Andyss and Dissemination of Demondirated Energy Technologies
(CADDET)
Digtrict Heeting and Cooling
Electric Vehicle Technologies and Programs
Energy Consarvation and Emissons Reduction in Combustion
Energy Conservation in Buildings and Community Systems
Energy Consarvation through Energy Storage
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Energy Technology Data Exchange (EITDE)
Impacts of High-Temperature Superconductivity in the Electric Power
Program of Energy Technology Systems Andyss (ETSAP)

Pulp and Paper

An Implementing Agreement: is a framework, which faclitates the initiation,
implementation monitoring and review of internationa collaborative efforts. Implementing
Agreements can encompass any phase of the technology cycle research and development
demondration, vaidation of technicd environmenta and economic performance market
deployment or information: exchange Member countries choose to paticipate in
those-lmplementing Agreements which best meet their needs.

Implementing Agreements are flexible and are set up to meet the requirements of those
countries that wish to teke part. Participants can be member country government
organisations, semi-private entities (induding univerdties) and private organisations when
formally designated by the national government. Norrmember countries may aso join a
given Implementing Agreement under a mechaniam termed Associate Participation,
provided they obtain prior consent from the IEA Governing Board. Private organisations
not formaly designated by their government, and norrintergovernmentd internationd entities
may aso join the Implementing Agreement under a specid designation termed Sponsor
Participation provided they obtain prior gpprova from the Committee on Energy Research
and Technology.

The initiative for an Implementing Agreement is usualy 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 dSrategy for
carrying out the research and development. If an implementing Agreement involves sSzegble
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
elected for each Annex to act as project manager;

The IEA has no centrd funds to finance the Implementing Agreements, thus al resources are
supplied by the participating countries. Two methods exist 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 legd documents dgned a a senior level such as the
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ambassador to the OECD.
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|[EA |A Energy Conservation through Energy Storage Activities

Workshops and Conferences

Workshops 1998

Annex 9: Electrical Energy Storage for Utility Network Optimisation

Annex 10: PCM and Chemica Reactions for Thermd Energy Storage

Annex 12: High Temperature Energy Storage

Annex 13: Design, Congtruction and Maintenance of UTES Wells and Boreholes

Conferences 1998

EESAT ‘98. The fird internationad conference on Electricd Energy Storage Systems
Applications & Technologies, held in Chester in June 1998.

The Richard Stockton College Geothermal Heat Pump Conference,16.-17.3.1998,
Pomona, N.J., USA.
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Ongoing Annexes

Annex 8. | mplementing Underground Thermal Energy Storage
Operating Agent: B. Norddl, Lulea University of Technology, Sweden.

1. Introduction

The generd objective of Annex 8 is to conserve energy and improve the environment by
speeding the introduction of Underground Therma Energy Storage Systems (UTESS) into
the building, industrid, agricultural and agua-culture sectors. Origindly Annex 8 was planned
for five years (from May 1994). Later we had to change the time plan to follow the time
plan of ECES IA. When the |A was extended also Annex 8 goes back to its origind time
schedule. At the start the annex had four participants Canada, Germany, Netherlands and
Sweden. Later on Belgium, Turkey, USA and Japan joined the collaboration. Severa more
countries have shown their interest (Audtrdia, Poland, and Finland) by attending the experts
meetings as observers.

There have been nine Expert’s Mestings over the years and the 10 and find meeting will be
held in Sweden, June 1999. At this occasion the Annex 8 will be terminated but there will
aso be a Workshop to discuss a new annex. The am of this workshop is to define the best
way to continue part of the Annex 8 work.

Annex 8 Expert's Mesetings

Location Date No. No. Participants Observers
Experts | Countries

1 | Uppsda 4-6 May 13 6 SweGer CanNL | FinBd
Sweden 1994

2. | Arnhem 7-9 Nov 11 6 Swe Ger CanNL | UK, Bl
Netherlands | 1994

3. | Freidng 25-27 Apr 10 6 Swe Ger CanNL | Bd Tur
Germany 1995

4. | Adana 13-15 Nov 10 7 Swe Ger Can NL | USA
Turkey 1995 Bd Tur

5. | Hdifax 10-11 Jun 12 8 Swe Ger Can NL | Jap
Canada 1996 Bd Tur USA

6. | Leuven 27-29 Nov 15 9 Swe Ger Can NL | Jap Fin
Bdgum 1996 Be Tur USA

7. | Sapporo 13-14 Jun 18 10 Swe Ger Can NL | A Pal
Japan 1997 Bd Tur USA Jap

8. | Pomona, NJ | 23-24 Mar 13 9 Swe Ger Can NL | Pol
USA 1998 Be Tur USA Jap

9. | Warsaw 17-19 Nov 14 10 Swe Ger Can NL | Pol Den
Poland 1998 Be Tur USA Jap

10. | Luled 10-12 Jun
Sweden 1999
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During the year two new annexes were darted as a result of Annex 8 discussons on
necessaty UTES R&D.

Annex 12, High Temperature UTES (HT UTES)

Annex 13, Design, Congtruction and Maintenance of UTES Wells and Boreholes

The Annex 8 experts have dso suggested another annex;
Annex 14, Cooling in All Climates With TES. In the preparation work this annex has
changed name from Low Temperature UTES. In June 1999 a workshop will findly
define the scope of work for this annex.

2. Present UTES Situation in participating countries.

Bdgium: Rapid deveopment of ATES sysems. Continues with the Potentid Study to
include DTES ds0. Canada: Slow UTES development. Germany: Many UTES projects
planned, both ATES and DTES. Work plan: The IEA Demo UTES Projects will be
completed. Japan: Interesting development. The Heat Pump and Thermal Storage Centre of
Japan (HPTSCJ) sent a survey delegation of 10 persons to Europe at the end of October.
Some of fadilities they visted were related to UTES. Most UTES interest in snow melting
goplications. Netherlands: Growing market for cold storage. About 40 ATES plants today
and 500 ATES plants estimated by 2020. Average capacity 800 kW cooling. For smaller
sysems - DTES. Has digtributed the find report (Phase I1) "Applications and cost-
effectiveness of energy storage in the Netherlands'. Poland: Experience of degp geothermal
energy Some UTES experience. Sweden: Increasing interest in UTES cooling applicationsin
connection with Didrict Cooling. Large number of BTES for direct cooling of telephone
switching stations. Study on a solar heated high temperature DTES in Rock for LT Heseting
of 100 Singlefamily Houses (Pre-Study). New DTES drilling equipment developed -
enables much deeper DTES. Turkey: Increasng UTES interest as aresult of seminars, radio
and TV programs, papers etc. Generd awareness of UTES is low but green-house
producers and architects have expressed interest. The Turkish Potentid study is now in a
draft verson for review by the experts. Work plan till the end of 1999. USA: GHPC
implementation. Training centres for engineers and architects. Mobile training equipment.
Totdly ingtdled 1.6 GW geotherma cooling power > 1000 commercid projects. Plans to
dat up a project on Technology Trandfer to Developing Countries. Introduction of
eectronic journd. Continues on implementation of non-HP cold storage project in US.

3 Recent Developments

- Good UTES deveopment was reported from most of the participating countries
One observer represented Denmark for the first time at XM8
Seasond Thermal Energy Storage Newdetter, STES, October 1978 - February 1993
isnow available on ECESIA homepage (Annex 8)
Underground Therma Storage and Utilization (UTSU) - A Peer Review International
Journda on Energy Consarvation, is now available on Internet (link from our homepage).
Newdetter — linked to UTSU?
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Annex 8 experts are available as reviewers for the UTSU Journal. For this purpose we
need ingtructions or a checklist for the review. We are dl requested to submit articles to
UTSU

Road Cooling - new application tested by the Dutch Organisation for Roads and Water
Ways. It seems to work well and have prevented both icing and reduced maintenance.
The road surface is supposed to last 30-40 years with embedded pipes compared to 20
years normaly.

As a result of Annex 8 discussons on necessary UTES R&D new Annexes have been
suggested. Two new annexes have been started:
Annex 12, High Temperature UTES (HT UTES)
Annex 13, Design, Construction and Maintenance of UTES Wells and Boreholes
One more annex is being prepared:
- Annex 14, Low Temperature UTES (LT UTES)

4. Annex 8 Work plan
SUBTASK 1. Remaning work requires Swedish data on ATES and BTES
applications.
SUBTASK 2: EIA for peer review among the annex 8 experts.
SUBTASK 3: Fina work to be completed
SUBTASK 4: Fina work to be completed
SUBTASK 5: Find report on our work - annex history and progress of our work to be
completed
SUBTASK 6: Find report dmogt finished. Some additional work on cogeneration
plants and cost-benefit anadyss will be performed. The find report will be in both
Turkish and English.
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Annex 9. Electrical Energy Storage Technologies for Utility Network Optimization
(Phase 2).

Operating Agent: JN.Baker, EA Technology, United Kingdom

1. I ntroduction

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

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

2. Participation

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

Canada Hydro Quebec

Germany EUS GmbH

Netherlands KemaT&D, Novem

Sweden Elforsk

Fnland Helsnki Universty of Technology

Span |berdrola

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

3. Work Programme

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

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

A plan to improve communications between the operating agent and participants involving
better use of dectronic mail and telephone conferencing is to be put into operation
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Annex 10. Phase Change Materials and Chemical Reactions for Thermal Energy
Storage.

Operating Agent: F. Setterwdll, Royd Ingtitute of Technology, Stockholm, Sweden.

Introduction

Annex 10 was gpproved 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 bein operation for &t least 3 years.

The generd objective of Annex 10 is to solve technica and market problems for a better
market opportunity for therma energy storage systems utilisng Phase Change Maerids
(PCM) or chemicd reections in the building, the agriculturd and the industrid sector. The
am isto broaden the knowledgebase and disseminate information. The Annex 10 work will
result in accomplished/initiated case studies and demonstration projects related to potentia
fields of gpplication. This will be accomplished in close co-operation with manufacturers,
utilities, usars and governmentd organizations involved in dissamingion of energy
technologies.

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

Activities during 1998

A First Experts Meeting and a First Workshop of the Annex was held in Adana, Turkey on
the 16th and 17th of April 1998. 28 participants were from the participating countries
Finland, Germany, Japan, Sweden and Turkey. 3 participants were from the Netherlands,
USA and United Kingdom. A Second Experts Meeting and a Second Workshop of the
Annex was held in Sofia, Bulgaria on the 11th to 13th of April 1998. 21 participants were
from the participating countries Bulgaria, Canada, Finland, Germany, Japan and Sweden. 1
participant was from China. Proceedings have been published from both workshops. The
second proceedings can be found by TRITA-KET R101, ISSN 1104-3466, ISRN
KTH/KET/R--101—SE, both proceedings are available from the Operating Agent.

A State-of-the-art report over activities in the participating countries has been produced.
The report includes information about and description of active research groups and
companies that are producing or usng therma energy dorage. It dso gives contact
information to the research groups and companies as well as their recent publications. The
state-of-the-art report should be updated twice a year to every experts meeting.

An Internet site has been produced. There will be a link to a specid page labeled
“Companies dedling with PCM and chemicd reactions for therma energy storage’. On this
page you can find links to homepages of the companies. The same will apply to universties
and research indtitutes. All companies or other organisations that wants to be linked to the
Annex 10 homepage will be dlowed to join in return they will be asked to have alink to the
Annex 10 homepage on thar internet Ste. There will dso be links to other Implementing
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Agreements or annexes related to annex 10, e.g. Heat Pumping Technologies, Solar Energy,
Buildings. The homepage can be found at http:/mww.ket.kth.se/Avdd ningar/ts'annex10/

Work has aso been done on a marketing brochure that will be published in the beginning of
1999. It will contain a description of TES by PCM and chemicd reaction as wdl as

information about the scope and work of the annex and some genera information about 1EA
and ECESIA.
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Annex 12. High Temperature Underground Thermal Energy Storage
Operating Agent; Burkhard Sanner, Giessen Universaty, Germany

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

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

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

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

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

Phasell (1.1.1999 - 31.12.2000)

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

The results shdl be:

Phasel:
Evduation and summary report of previous activities (Sate-of-the-art-report) and a report
on R& D needs and opportunities and recommendations for Phase 11

Phasel:
Ecobaance, annud reports, workshops, test equipment, design guide-lines/ tools

Participating Countries are Belgium, Canada, Germany, Netherlands, Sweden, Turkey (not
al yet confirmed); Operating Agent is Germany.

The work started in January 1998, afirst Expert's Meeting was held in Giessen, Germany,
on June 17, 1998; a workshop and the second expert's meeting is scheduled for October
14-16, 1998, in Lund, Sweden. Report to XC45 in USA, December 1998
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Annex 13. Design, Construction and Maintenance of UTES Wells and Boreholes
Operating Agent: Olof Andersson, Lund Ingtitute of Technology, Sweden

1 Objective

Most UTES (Underground Thermal Energy Storage) concepts incorporate drilling one way
another. Furthermore some concepts are highly dependent on a proper well or borehole
efficiency to have an optimal operationa performance.

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

The fina goal of the task 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 construct wells or boreholes cost effective, safe and properly (Subtask C)
How to keep the storage systems functiona during operation (Subtask D)

2. Proceedings

The annex was planned during 1997 and eventually approved by the 43 EXCO Mesting in
Paris 4-5 of December 1997. Prior to the EXCO Meeting there was a Preparatory
Workshop the 2 of December to review and adjust the annex proposal.

During 1998 the following events have been executed

Starting up Workshop in Stockton, USA the 18th of March, there the workplan and time
schedule were discussed and readjusted.

The First Expert Mesting in Giessen, Germany, June 15-16.
The Second Expert Meeting, in Malmd, Sweden, October 12-13.

3. Results and findings

All together ten countries have been represented in the Annex during the year 1998. These
are Belgium, Canada, Denmark, Germany, Japan, Netherlands, Sweden, Switzerland,
Turkey and USA.

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

For subtask A (site investigation methods) existing procedures to gain geoinformation have
been described for most countries participating in the annex.

For borehole applications (BTES) the In Situ Therma Response Test Method is under a
marketing stage in severa countries, preferably Canada, Netherlands, Sweden and USA.
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For water well applications (ATES) its showed that preferably conventional methods are
being used for geodocumentation. However, some countries emphasise that the usage of
geophysica logging, flow logs and MWD will strengthen proper documentation.

For subtask B (well and borehole design) there are some differences in opinions when it
comes to designing criteria for water wells. These differences will be further discussed in a
later stage of the annex.

For borehole ingtallations there are till research going on to optimise pipe design and back
fill material. Results from these experiments have continuoudly been reported in the annex.

For subtask C (drilling and construction) the most common drilling and constructions
methods have been described. These are more or less general for every country. However,
in detail there are some differences.

Some identified questions for further discussions are
the choice and efficiency of different well development methods
the usage of hydraulic DTH for UTES applications
procedures for gravel pack installations

For subtask D (maintenance) most common type of problems related to the operation of
UTES systems have been identified.

Designing solutions to prevent such problems will be further analysed in alater stage.

Solutions for initid problems like well clogging, scaling and corrosion have been presented,
but needs further inpuit.



ECESIA ANNUAL REPORT 1998, ONGOING ANNEXES Page 24/59

Proposed Annex

Annex 14. Cooling in All Climates with Thermal Energy Storage.
Operating Agent: Haime Paksoy, Cukurova University, Adana, Turkey.

Initidly Annex 14 was fird introduced as "Low Temperature UTES' a ExCo meeting in
Istanbul, December 1996. Discusson on this proposed annex has continued in ExCo
meetings in Sapporo (June 1997), Paris (Dec. 1997), and Chester (June 1998).
The common topics of discussons were:

Definition of low temperature

Countries of relevance for low temperature storage

Overlapping or repetition of other cooling activities done by other tasksin IEA

In ExCo meseting in Albuquerque (Dec 1998), the title of the Annex was changed to
"Cooling in al dimates with therma energy dtorage” with a new perspective. In many
previous and on-going tasks in this and other Implementing Agreements, work on cooling
with therma energy storage is being accomplished. This annex may have a unifying role in
bringing different options of cooling technology with TES together with the am of
determining the best of option for different climates and gpplications. It was decided to
organise aworkshop to determine this new perspective and findise the new Annex text.

Halime Paksoy (Turkey), Frank Cruickshanks (Canada), Mari Gustafsson (Sweden),
Takeshi Yoshii (Jgpan), Sung Hwong-Cho (Koreg) are in the organizing committee for the
workshop. The workshop will be held in Antalya, Turkey on June 4-5, 1999.
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STRATEGIC PLAN 1999 - 2003

According to its previous decison a the December meeting 1997 in Paris the Executive
Committee has been engaged in 1998 with working out a new strategy plan. There was a
need to update the existing Strategy plan that was dready published 1991 and revised lately
1996.
V. Lottner has been assgned by the Committee to chair this specid activity and to compile
the new edition. Two one-day workshops have been aranged in conjunction with the
regular June and December Committee Mesetings in 1998. The relevant aspects and issues
of the Strategy plan were discussed thoroughly.
The results and findings of the discussons can be summarized:
Audience: the strategy plan represents mainly the working document for the Committee
on Energy Storage to guide its own work. It will dso serve as an information basis for
the IEA. For the public audience a more glossy brochure will be prepared that provides
a comprehensive overwiew about the activities of the Programme as well as of the
possbilities of the IEA-participation. There are dso other publications available (annua
reports, Task reports, Internet Website of the Storage Programme).
Term: the extension of the exigting Impl. Agreement has been gpproved by the EUWP
for a period until 2000. Before the end of the present term the new Strategy plan hasto
be submitted to the EUWP for another possible extenson. Therefore the new strategy
plan should cover aso the period after 2000, that means until the year 2003.
Topics and dructure: main issues of the strategy plan are: motivation, misson and vison,
market deployment, collaboration, achievements, participation, programme and future
activities

Some of the issues are highlighted in the following:

Motivation: To day the main issue are the environmenta concern and a possble climatic
change due to the increase of energy-related CO,-emissions into the earth’s atmosphere. In
December 1997, the Parties to the UN Framework Convention on Climate Change
agreed to the terms of the Kyoto Protocol. This higtoricd agreement sets legdly-binding
greenhouse gas emission objectives over the period 2008-2012 for industridized countries.
The energy sector, from supply to end uses, is responsble for the mgority of greenhouse
gas emissons in the developed world, through the combustion of fossl fuds and the

emissons of CO,, N,O and CH,.

Thereisagreat technicd potentid and chalenge to substitute for fossi| fuels using renewable
energies. Storage is a strategy component in many energy Systems to improve not only the
energy Security but dso to use more efficiently renewable energies and heet that would
otherwise be wasted. Therefore storage technologies can contribute sgnificantly to the
measures requested by the Kyoto-Protocal.

Market deployment: barriers/challenges. After 20 years of research and development
on new innovative storage concepts and technologies the wider implementation of storage
gysems is possble and necessary. Stll exigting bariers have to be addressed and
overcome. The programme has to put more emphasis on this issue (e. g. information
dissemination, system integration).
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Collabor ation: Storage systems are only one component and have to fit into a tota energy
system. Therefore a stronger cooperation is necessary with the other Implementing
Agreements, e. g. in the building sector with the Programmes. Energy Consarvation for
Buildings and Community Systems, Solar Hegting and Cooling, Hest Pumps, Didrict
Heeting. More projects and workshops have to be carried out jointly with other Executive
Committee’sin order to promote the system integration.

Achievements. So far great progress has been made within the Programme to achieve
its objectives. The achievements have to be presented in the strategy paper since the
future work has to be based on the results of the programme achieved so far.

Scope and Workplan: Recently the scope of the Programme has been enlarged. Now it
aso includes eectricd energy storage technologies (Annex 9). New activities are partly
follow-on work.

Participation: Some new countries have signed the Agreement. New member countries
have specid interest on specia storage and application technologies, e. g. Japan on cold and
chill storage for ar conditioning of buildings. The programme has to take into account thelr
interests adequately.

The draft of the strategy plan has been compiled in 1998. It was discussed at the second
workshop in December 1998. The revised paper includes the results of both workshops. It
will be reviewed once again by dl Committee members and is then ready for publication in
March 1999.



ECESIA ANNUAL REPORT 1998, OTHRE ACTIVITIESPage 27/59

Other activities
1998 CERT Review - 4-year report to the EUWP

Collaborative Workshops
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APPENDIX 1: 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
7 Innovative and Cost-effective Seasonal Cold Storage Applications
Ongoing Annexes
8 Implementing Underground Energy Storage Systems
Electrical Energy Storage Technologies for Utility Network Optimisation
10 Phase Change Materials and Chemical Reactionsfor Thermal Energy Storage
12 High Temperature UTES
13 Design, Construction and Maintenance of UTES Wells and Boreholes
Planned Annex
14 Low Temperature UTES

OOk WNRE

Annex 1. Large Scale Thermal Storage Systems Evaluation

Annex 1 was atechnica and economic evauation of various storage concepts presented by
the participating countries. The results of this work formed the bass for subsequent
Annexes. Thefind report was published in October 1981.The Annex was formaly closed at
the Executive Committee Meeting in April 1983. Participating countries: Switzerland (OpA),
Belgium, CEC, Denmark, Germany, Sweden, USA.

Annex 2. Lake Storage Demonstration Plant in Mannheim

Annex 2 had the objective of developing a seasonal lake storage and to demondrate the
feashility by the condruction of a large-scde pilot plant in Mannhem, Germany.
Congtruction of the plant was cancelled after failing to achieve an economic design.

Annex 3. Aquifer Storage Demonstration Plant in Lausanne-Dorigny

Annex 3 involved the design, condruction and operation of a high-temperature aquifer
gorage in Lausanne-Dorigny. The storage consisted of a vertica well with horizonta drains.
The project was commonly called SPEOS. Waste heat from a municipd facility was stored
in summer and used for space heating and domedtic 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 state-of-the-art report. It focused on various measures to maintain thermal
dratification. The Annex was closed in 1988. Paticipating countries. The Netherlands
(OpA), Germany, Sweden, USA

Annex 5. Full-scale Latent Heat Storage I nstallations
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Annex 5 involved the ingdlaion and monitoring of latent energy storage ingtdlations with the
objective of evaduating their technicd and economic feashbility. The Executive Committee
recommended reviewing the state-of-the-art of latent heat stores and a workshop was held
in 1984 sponsored by the German Ministry for Research and Technology. As aresult of the
workshop recommendation to concentrate on monitoring pilot and demongtration plants to
provide reliable performance data, an Annex on Full Scae Latent Heat Storage Ingtallations
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 Research and Development of Water Treatment Methods

Annex 6 dedt with the chemicd and environmenta aspects of thermd energy storage in
aquifers. A mgor potentia problem of aguifer energy storage is the scdling an clogging of
wells and heat exchangers. To avoid these problems rdiable and ecologicaly sound
methods of water treetment 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 demondrate innovetive, energy efficient and cost-effective cold storage
design for avariety of building types and industrid gpplications to encourage the adoption of
cold storage as a standard design option. More specificdly, it evaluated effective storage
control and operating Strategies, evauated combined hot and cold storage for increased
energy efficiency and codt- 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 experts’] meeting into 1993. The Annex was
formaly closed by the Executive Committee in 1996. Participating countries. Canada (Op.
A), Germany, Netherlands, Sweden.

ONGOING ANNEXES, Annex 8 - Annex 13

Annex 8. Implementing Underground Thermal Energy Storage Systems

Annex 8 ams to speed the introduction of Underground Therma Energy Storage in the
building, industrid and agricultura sectors. It will encourage the adoption of energy storage
in standard project designs by developing procedures and tools based upon documented
goplications in different energy efficient sysems. Screening and decison tools will be
provided to ensure ecologicaly sendtive applications. The first experts meeting was held
May 1994 in Sweden. Paticipating countries. Sweden (Op. A), Belgium, Canada,
Germany, Netherlands, Turkey, USA, Japan.

Annex 9. Electrical Energy Storage Technologies for Utility Network Optimisation
Annex 9 will examine the potentid role of dectrical torage technologies in optimising
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eectricity supply and utilisation. It will identify and overcome bariers to widespread
adoption of eectrical energy Storage technologies through successful demondration
projects. Annex 9 was proposed by EA Technology Limited of the UK as a result of the
recommendations of the Energy Storage Strategy Workshop held in Montrea during
January 1995. The annex gtarted in June 1996. Participating countries. Canada, Germany,
Netherlands, Sweden, UK (OpA), and USA.

Annex 10. PCM and Chemical Reactionsfor Thermal Energy Storage.

Annex 10 will examine the role and accderate the introduction of phase change materids
into energy systems in resdential, commercid, indudtrial and agricultural sectors. It has been
proposed by the Concordia University, Centre of Building Studies in Montred as a result of
the recommendations of the Energy Storage Strategy Workshop held in Montreal during
January 1995. The Annex was approved by XC43 on December 1997. Participating
countries. Bulgaria, Canada, Finland, Germany, Japan, Poland, Sweden (OpA) and Turkey.
China is preparing its participation and Audrdia, France, India, Itay, 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 gpproved by XCA43. This
dage starts with a State-of-the-art review of HT UTES applications. It will be followed by
a sudy in which the most promising applications and system concepts for HT-UTES are
evaluated. The results will dlow assessng the expected benefit of HT-UTES and judtify a
decison on phase |1. 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 Montred during
January 1995. The annex was approved by XC43, December 1997. The objectives are to:
Describe UTES drilling and exchange experiences of different technologies. |dentify related
problemsin order to establish areas for further R&D. Work out guidelines connected to test
drilling, well design and congtruction. Investigate the occurrences and arts of operationa
failures related to the well or borehole sysem and to work out preventive guiddines for
monitoring, maintenance and rehabilitation measures. The following countries have shown
interest in participation: Audrdia, Belgium, Canada, Germany, Itdy, the Netherlands,
Sweden, Switzerland, Turkey, and the U.S.

PROPOSED ANNEX

Annex 14. Cooling in All Climateswith TES

This annex text has been discussed at severd XC Meetings. At XC45 the name of the
annex was changed to the above and it was aso decided to arrange a workshop to finaly
decide upon the scope of the work. The workshop will be held June 1999 in Antalya,
Turkey.
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APPENDI X 2: PARTICIPANTS OF ECESIA (DEC. 1998)
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 Gukurova University

UK EA Technology

USA US Department of Energy
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APPENDI X 3: LIST OF PUBLICATIONS
UTES-Publications 1998

Redated to Annex 8

SANNER, B. (1998): Oberflachennahe Geothermie - Wéarme- und Kateversorgung aus
dem Untergrund. - bbr 49, 4/98, S. 34-40, Kdln

SANNER, B. & RYBACH, L. (1998): Oberfléchennahe Geothermie, dezentrale Nutzung
geothermischer Energie. - Mitt. Deutsche Geophysik. Ges., Sonderband 1/98,
S. 39-46, Hannover

SANNER, B., BOISSAVY, C., EUGSTER, W.J, VAN ECK, H. & RITTER, W.
(1998): Stand der Nutzung oberflachennaher Geothermie in Mitteleuropa. -
Tagungshand 5. Geothermische Fachtagung Straubing,GtV, Neubrandenburg,
im Druck

SANNER, B. & NORDELL, B. (1998): Underground Therma Energy Storage - an
International Overview. - Newdetter IEA Heat Pump Center 16/2, S. 10-14,
Sittard

SANNER, B. & HELLSTROM, G. (1998): Examples for Underground Thermal Energy
Storage with Borehole Heat Exchangers in Centrd and Northern Europe. -
Newdetter IEA Heat Pump Center 16/2, S. 24-26, Sittard

SANNER, B. (1998): 2. Internationad Geotherma Heat Pump Conference im Richard
Stockton College, New Jersey, Mérz 1998. - Geothermische Energie 21/97,
S. 27-30, Neubrandenburg

SANNER, B. (1998): Vidfdtige Nutzungsmdglichkeiten oberflachennaher Geothermie und
die neue Richtlinie VDI 4640. - Tagungsband Hagener Bauseminar, Band 2,
Hagen

SANNER, B. (1998): 5. Geothermische Fachtagung, Straubing 1998. - Warmepumpe 8/2,
S. 111, 1ZW, Karlsruhe

SANNER, B. (1998): Oberflachennahe Geothermie in Mitteleuropa im Aufwind. -
Tagungsbericht Kongress renergie '98, Okozentrum Hamm, S. 155-162,
MUnster

SANNER, B. (1998): Thermische Nutzung des Untergrundes - Expertengruppe der
International Energy Agency tagte an der Universté. - Uni-Forum 13/4,
1.7.98, S. 2, Gief3en

LUX, R. & SANNER, B. (1998): Oberflachennahe Erdwérmenutzung. - Erdwérme, Tell
IV der Reihe Regenerative Energien, S. 14-35, VDI-GET, Dussdldorf

Rdated to Annex 12

SANNER, B., KNOBLICH, K., KOCH, M. & ADINOLFI, M. (1998): IEA ECES
Annex 12 Hochtemperatur-Erdwarmesonden- und Aquiferspeicher. - BMBF-
Statushericht  '98 Solarunterstitzte  Nahwérmeversorgung und saisonde
Warmespeicherung, S. 141-150, Steinbels- Transferzentrum EGS, Stuttgart
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SANNER, B. & KNOBLICH, K. (1998): New IEA-activity ECES Annex 12 "High
Temperature Underground Thermal Energy Storage’. - Proc. 2nd Internationa
Geothermal Heat Pump Conference, Richard Stockton College, Pomona NJ,
USA, im Druck

SANNER, B. & KNOBLICH, K. (1998). Thermische Untergrundspeicher hoher
Temperatur, das Vorhaben ECES Annex 12 der Internationden Energie-
Agentur 1EA. - Tagungsband 5. Geothermische Fachtagung Straubing,GtV,
Neubrandenburg, im Druck

SANNER, B. & KNOBLICH, K. (1998): Thermische Untergrundspeicher auf hdherem
Temperaturniveau - Stand der Technik. - Proc. 11. Int. Sonnenforum Kaoln, S.
553-559, DGS, Solar Promotion Verlag, Mtnchen.

Rdated to Annex 13

SANNER, B. & ABBAS, A.M. (1998): How can geophysica exploration help to
determine GSHP Ground Properties? - Proc. 2nd Internationa Geothermal
Heat Pump Conference, Richard Stockton College, Pomona NJ, USA, im
Druck

ABBAS, M.A. & SANNER, B. (1998): Wie kann Geophysik bel der Erkundung/Planung
oberfléchennaher Geothermie hdfen? - Tagungsband 5. Geothermische
Fachtagung Straubing,GtV, Neubrandenburg, im Druck

Talks + Presentationson UTES, 1998

27.1.1998, Darmstadt, TU Darmstadt
Kolloguium Geowissenchaften (zus. mit Prof. K. Knoblich)
" Oberfl&chennahe Geothermie - eine neue Herausforderung an die Geowissenschaften”

18.2.1998, Hagen, Stidwestfdische Industrie- und Handel skammer

Hagener Bauseminar (FH Bochum / VDI Lenne-BV)

"Vidfdtige Nutzungsmoglichkeiten Oberfléchennaher Geothermie und die VDI-Richtlinie
4640"

28.2.1998, Boblingen Congresszentrum

Kongref3 "erneuerbare energien '98"

"Heizen und Kiihlen mit Erdwarmesonden und Vorgtdlung der saisonden
Energiespeicherung’

11.3.1998, Bonn, Haus des Deutschen Baugewerbes

Fachtagung Oberfléchennahe Geothermie

" Oberfl&chennahe Geothermie - Dezentrade Nutzung der Erdwarme im Wohn,- Gewerbe-
und Industriebau”

16.-17.3.1998, Pomona, N.J., USA, The Richard Stockton College
Geotherma Heat Pump Conference
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"How can Geophysica Exploration help to determine GSHP Ground Properties?!
"New IEA-Activity ECES Annex 12: High Temperature Underground Therma Energy
Storage'

1.4.1998, Gattingen, Univergitét Gottingen
DGG-Koalloguium "Angewandte Geothermie'
" Oberflachennahe Geothermie, dezentrde Nutzung geothermischer Energie’

2.4.1998, Utrecht, Novem
Seminar Warmtepompen en Verticale Bodem Warmte Wissdaars
"Vertikde Erdreichwérmetauscher in internationder Pergpektive'

21.4.1998, Dusseldorf, VDI-Haus
Workshop VDI-Richtlinie 4640
"Anwendung und mogliche Anlagenkonfigurationen erdgekoppeter Warmepumpen'

12.-14.5.1998, Straubing, Joseph-von-Fraunhofer-Hale

5. Geothermische Fachtagung

"Stand der Nutzung oberfl&chennaher Geothermie in Mitteleuropa’

"Thermische Untergrundspeicher hoher Temperatur, das Vorhaben ECES Annex 12 der
Internationalen Energie-Agentur IEA"

19.-20.5.1998, Neckarsulm, Balle
BMBF-Statusseminar " Solarthermie”
"IEA ECES Annex 12: Hochtemperatur-Erdwarmesonden- und Aquiferspeicher”

6.6.1998, Hamm, Oko-Zentrum NRW
renergie '98
" Oberfléchennahe Geothermie in Mitteleuropaim Aufwind"

27.6.1998, KolIn, Fachhochschule Kéln
11. Internationae Sonnenforum der DGS
"Thermische Untergrundspeicher auf hoherem Temperaturniveau - Stand der Technik”

30.6.1998, Weilburg, HILF

Weilburger Forum

"Geothermie, Warme aus dem Inneren der Erde - regenerative Energie wdtwaeit, in Europa,
in Deutschland”

8.10.1998, Rostrup, Bau-ABC
I nfotage Brunnenbau, Seminar Geothermie
"Anwendung geothermischer Verfahren in Deutschland”

16.11.1998, Warschau
IEA Seminar UTES Applications
"Geologicd Condderationsfor UTES'
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"Applications of HT-UTES'
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APPENDI X 4: STRATEGIC PLAN 1999 - 2003 (VOLKMARS FINAL DRAFT)

Draft (23. 12. 1998)

Strategic Plan for the
|EA-Energy Storage Programme
1999 - 2003

Preface

This gtrategic plan of the Executive Committee outlines the scope and the goals of the IEA-
Energy Storage Programme for the next 5 years (1999-2003). It will serve as the basic
working document to guide the future work of the Executive Committee and will dso
provide a comprehensve summary for other Committees of the IEA and for the IEA-
Ssecretariat. More detalled information on the Storage Programme, especidly for a public
audience is published in Conference Proceedings /1/, annud reports and Task status reports
of the Executive Committee, Task brochures and on the Internet-Website of the IEA-
Energy Storage Programme /2/.

Introduction

Energy storage technologies are a strategic and necessary component for the
efficient utilization of renewable energy sources and energy conservation. There
is a great technical potential to substitute for fossil fuels using heat that would
otherwise be wasted and renewable energies. These energy sources can be used
more efficiently through short and long term energy storage. Thermal and
electrical energy storage systems enable greater and more efficient use of these
fluctuating energy sources by matching the energy supply with demand.

The Implementing Agreement on Energy Conserveation Through Energy Storage was
established in 1978 with the objective to facilitate the internationa cooperation on research,
development and demondtration (R&D,D) of new, innovative energy storage technologies.
Energy storage technologies are relevant in many |EA-Implementing Agreements, especidly
in the building, trangport and traffic sectors. The cooperation with these IEA-Executive
Committeesis becoming more and more important in order to achieve the system integration
and implementation of storage technologies.

M otivation

In 1973 dfter the fird ail criss, 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. Nowadays the Stuation has changed, the dependence on oil has been lifted,
chegp fossl fuels are readily avalable, however the further unlimited use of fossl fuds is
causing a steady increase of energy-related CO.-emissions into the earth’s atmosphere. This
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may lead to a serious problem with a possble change of world climate in the medium and
long term.

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

Many governements have committed themsdaves to reduce the CO, emissons into the
amosphere. They have decided to drengthen their nationd efforts to increese the
deployment of energy conservation technologies and utilization of renewable energy sources.
So far in mogt indudtridized countries, renewable energy sources contribute only marginaly
to the energy demand. This is due to severd reasons, in particular because new energy
systems are not yet economicaly competitive with fossil fues, the long term religbility is not
yet proven, and there are ill some regulatory and market barriers which have to be
overcome. Therefore, further attempts have to be made to resolve these issues. This is
especidly true for the variety of new energy storage technologies and concepts that have not
yet been implemented on alarge scae into the market.

The Executive Committee on Energy Storage has the following misson and vison for the
management of the Programme:

PROGRAMME 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 environment.

PROGRAMME VISION

Energy storage technologies are able to contribute significantly to energy efficiency,

the global environment, and economic growth. Therefore it is envisioned that over the
next decade the IEA-Programme on Energy Storage will continually broaden the
scope of their 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 actions with all interested countries and other
| mplementing Agreements.

Objectives and Strategies of the Programme

The Energy Storage Programme is technology, environment and market oriented. The main
iSues are:
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TECHNOLOGY: : Advance the development of energy storage technologies utilizing waste,
renewable or ambient energy sources to supply space heeting, space cooling and process
coaling to achieve sgnificantly improved energy efficiency and cost-effectiveness. Research
and develop dectrica energy storage technologies and systems that integrate beatteries,
flywheds, and other storage media with power dectronics and control to enhance energy
security and facilitate increased use of renewable energy sources. We will provide a forum
to fadlitate the internationd exchange of information and experience on energy dorage
research, development, project applications, fidd trials and products. We will ensure that
adequate desgn information on innovative energy storage technologies is made available to
interested groups in indusiry, government, and academia

ENVIRONMENT: Evduate and document the many environmenta benefits of energy
dorage and ensure that potentia environmental problems are directly addressed and
avoided by sound technicd andyss and design techniques. We will involve nationad and
regiona environmenta agencies in our work to ensure that energy storage meets the present
and future requirements of these agencies. We will raise the level of awareness and
underganding of energy storage technologies, especidly their environmenta benefits, and
ensure that impartid technical knowledge is made available to dl stakeholders involved in
the implementation of energy storage.

MARKET: Ensure the required steps are taken to achieve the proper application of
proven energy storage technologies world-wide in the commercid, industria and agriculturd
sectors. We will focus our communications efforts on the world market players including
design engineers, architects, building owners, developers, governments, regulatory agencies,
eectric utilities, and community leaders. We will encourage the use of renewable energy
sources to cool nontresidentid buildings in a post-CFC world; develop methods to integrate
energy sorage technologiesinto community-based systems; and devel op effective resdentid
cold storage techniques that avoid the use of conventiond chillers in moderate climates.
Heating and cooling agpplications are part of the market, but economic and technica
limitations indicate that cooling is the firg priority, followed by combined cooling and
heeting, and lastly heeting. We will develop and encourage deployment of dectrical sorage
with renewable generation technologies where market conditions favor off-grid
implementation (many developing countries and remote locations world-wide). Short-term
electrical sorage will be investigated to improve power quaity and reliability in al aspects of
commercial endeavors.

In generd, we will establish and drengthen new and exiging internd and externd
internationa  networks that may result in increased implementation world-wide of many
energy storage technologies.

Market Opportunitiesand Barriersto Market Deployment
As with many other renewable energy and energy saving technologies, energy storage

technologies offer a great market potentid in the long term, but the present implementation is
impeded by severe barriers.
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The most important factors have been identified by the Executive Committee:
Market Opportunities

Great energy saving and fossl fudl subgtitution potentid.
Opportunity to assst in meeting CO, emissions targets.

Market deployment will creste new jobs.

Enhanced energy security through the use of storage technologies.

Threatsand Challenges

Energy storage technologies are not yet cost-effective in view of energy savings.

High initid cods

Avallaility of chegp fossl fuds.

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

High technica and financid risks for the owner.

Lack of knowledge and need for education.

Strengths and Weaknesses
The most important factors are;

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

W eaknesses
Lack of sufficient funds for R&D,D of therma and electrica 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.

Collaboration with other Executive Committees

Closer cooperation between the relevant Executive Committees is essential, especialy for
the Storage Programme. Storage technologies have to fit in the totd system and have to
meet the specific technica and economic requirements of the application. Integrated system
concepts that include storage technol ogies have to be developed to achieve an optima cost-
effectiveness and energy saving potentia. Therefore the Executive Committee will intengify
the cooperation with other Executive Committees in the future. This will be done e. g. by
joint workshops to identify new joint R&D,D activities. A close collaboraion will be
edablished in the Reddentid and Commercid Sector especidly with the following
Programmes,
Solar Heeting and Cooling;
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Energy Conservation in Buildings and Community Systems; and the
Future Building Forum.

Achievements of the Programme

So far great progress has been made within the Programme to achieve its
objectives. The main results are:

A rdiable data and information base on various energy storage technologies and
concepts has been established by internationd reviews of the sate of the art, assessment
and market studies and congtruction and monitoring of pilot and demonstration plants.
The technica as well the economical risks to implement new energy storage technologies
have been reduced.

Nationa and internationa guidelines have been developed for the implementation of
ground and aguifer sorage systems to avoid the environmentd risks and to facilitate
ingtallation 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 are based on energy
storage technologies.

Technology transfer and information dissemination have continued with the sponsorship
of workshops and internationa conferences, including the series of International Thermal
Energy Storage Conferences (Enerstock’85, Jigastock’88, Thermastock 91,
Cdorstock’'94, Megastock’'97) and the Electricd Energy Storage Conference
(EESAT 98).

Deployment of low temperature aquifer storage facilities for heeting and cooling on a
large scale in various countries, e. g., The Netherlands, Sweden, the United States of
America, Switzerland, and Germany.

Close cooperation with other Implementing Agreements (e. g., Solar Heating and
Coaling, Buildings and Community Systems, Advanced Heat Pumps) has been
established to avoid duplication of effort and to dign the Energy Storage Programme with
the interest of other IEA-Programmes. Cooperation within the Future Building Forum has
been initiated.

An Internet homepage of the IEA-Energy Storage Programme and various Tasks has
been initiated.

New member countries (Japan, Turkey, UK) have been attracted. Other countries
(Poland, Spain, Bulgaria) are interested to participate in the Programme.

Scope and Workplan

The Executive Committee congtitutes a forum of Senior National Programme Managers and
Experts. It fulfills the following tasks

Task Management (Appendix 1)

Coordination of nationd activities among participating countries
Information dissemination by electonic Journdls, Internet Website
Organization of International Conferences and workshops
Evaluation of the State-of-the-Art.
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Until recently, the Storage Programme was mainly focused on thermd energy storage
technologies for the heating and cooling of buildings because this sector offers the largest
energy saving and subgtitution potentia in northern countries. However, dectricd energy
dorage systems are dso very important for the stabilization and optimization of eectrica
energy sysems as wdl as for the utilization of renewable energy sources, in particular in
photovoltaic 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 IEA-Workshop 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: Electricad Energy Storage Systems and Network Optimization.

Annex 10: Phase Change Materids and Thermochemicd Storage.

In 1998, the |A was extended by the Energy End-Use Working Party for 3 years until the
end of the year 2000. So far 12 Tasks have been carried out, 7 of them have adready been
completed successfully (Appendix 1).
Speciad R&D activities on energy storage systems have been carried out in the context of
other |EA programmes, e. g.,
Solar PACES: (High temperature thermd storage systems for solar thermal power
plants).
Solar Hedting and Cooling: Task 16 - Photovolataics in Buildings (Survey: Battery
Storage Systems), Task 14 and Task 26: Advanced Solar Heating Systems (hot water
storage).
Photovoltaic Power Systems.
Advanced Heat Pump Technologies.
Didrict Heeting and Cooling.

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 a successful implementation of Storage
technologies. The fallowing lig indudes the activities that will be thoroughly
examined by the Executive Committee.
Follow-on to Annex 8: Implementation of underground thermd energy
storage.
Follow-on to Annex 9: Pilot and demondtration eectricd storage plants.
Develop consortia and  explore funding mechanisms to redise
demondtration scheme within areasonable time scale.
Evauation of eectrica storage systems for use with renewable resources
and demondration the environmental benefits of reduced CO2 and
greenhouse gas emissions.
Research on eectricd energy dtorage for competitive eectricity supply
markets and determine the economic advantages of storage for pesk
shaving, capitd equipment deferral and frequency regulation gpplications.
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Annex 14: Cooling in dl dimaes with thermd energy Sorage systems

(Tesk Definition Phase).

Comprehensve evauation of the environmenta and indoor consequences

of energy dorage by reviewing present nationa efforts and devise a

vdidated methodology.

Role of themd energy dorage in increesing the energy efficiency of

building HVAC systems such as combined with closed-loop building heet

pump systems and des ccant-based cooling systems. Cooperation with the

IEA Building and Community Systems, Heat Pumping Technologies and

Solar Hegting and Cooling will be ussful.

Evduation of the benefits of hot and cold storage with heat pumps,

especidly the advanced generation of heat pumps, in collaboration with the

Heat Pump [A.

Study the potentia of water remediation efforts in conjunction with energy

sorage and community or aquifer-based planning of large-scae energy

upply systems with the objective of assisting the implementation of energy

dorage in a systematic manner.

Organ| sation of Internationa Conferences, workshops and symposia
TERRASTOCK-2000 (August 2000, Stuttgart, Germany)
EESAT 2000 (September 2000, Miami, Florida, USA)
Advanced solar therma energy storage (October 1999,
Freiburg, Germany) in collaboration with the Solar Hesting
and Cooling Programme.

Publication of the eectronic journd: Underground Therma Storage and

Utilization /2/.

Publication of Programme and Task brochures and reports on Internet /2/.

Continuous evauation and preparation of state of the art reviews.

Joint efforts should be practised to implement new energy Sorage

technologies in dl countries with an interest in sorage or with a sgnificant

energy storage market potentia.

Participation
The following countries have sgned the IEA-Energy Storage Implementing Agreement:

Begium, Minisry of Economicd Affars

Canada, Public Works Canada

Commission of the European Communities

Denmark, The Minigtry of Energy

Finland, TEKES

Germany, Forschungszentrum Jilich GmbH

Italy, ENEA

Japan, Heat Pump and Thermal Energy Storage Centre.
Sweden, The Swedish Council for Building Research
The Netherlands, The Netherlands Agency for Energy and the Environment (NOVEM)
Turkey, Cukurova Universty, Adana

United Kingdom, EA Technology

United States of America, Department of Energy.
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Poland, Bulgaria and Spain presently paticipate in various Tasks and have sent
representatives to the Executive Commitee meetings. These countries are expected to
become signatory countries of the Implementing Agreement on Energy Storage.

Refer ences

/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 Thermal Energy Storage, June 18-21,
1997, Sapporo, Japan, Proceedings pp. 1003-1026.

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

12/ Internet Website addresses:
http://mwww. sb.luth.sefvatten/projects/ieal (genera information, task and annua reports)

http://mww.egtl .co.uk/annexi X/home.htm and http://Aww. eus.de/energy-storagel (Annex9)
http://mwww.geo-journd .stockton.edu (electronic journa)
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Appendix 1. Current Tasks

Annex 8 Implementing Underground Thermal Energy Storage Systems.

Aims to speed the introduction of Underground Therma Energy Storage in the building,
indugtrid and agriculturad sectors. It will encourage the adoption of energy dtorage in
standard project designs by developing procedures and tools based upon documented
goplications in various energy efficent sysems. Screening and decison tools will be
provided to ensure ecologicaly senstive gpplications. Sweden is providing the Operating
Agent. The Annex has extended into 1999.

Duration: 1996-2000, Operating Agent: Sweden.

Annex 9: Electrical Energy Storage Systems and Networ k Optimization.

The overdl objective of Annex 9 isto lead to the greater uptake of electric energy storage
systems on utility and associated didtribution networks, thereby dlowing ther full energy
savings, operationa efficiency and environmenta benefits to be redlised. The priority aress
to be addressed in the short / medium term include the gpplication of eectricd energy
dorage sysemsin the following areas--

- integration with renewables and non-despatchable power sources

- power qudity/qudity of supply

- aset management

- deferment of capacity

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

- forward looking project definitions

- network gpplications modelling

- information collation and dissemination

- formation of drategic R&D partnerships

Duration: 1996-1999. Operating Agent: UK

Annex 10: Phase Change Materials and Thermochemical Reaction Systems

The objectives of Annex 10 are in genera to solve technica and market problems for a
better market opportunity for therma energy storage systems utilisng PCM or chemical
reactions and to broaden the knowledge base and disseminate information.

Research will be carried out to find solutions to the difficulties in usng PCM or chemica
reections for therma energy storage. In particular, research into sysem andysis will be
caried out in order to recognise market barriers for implementing the technology in
resdentid, commercid, indudtrial and agricultural sectors. The action will be executed in
close co-operation with manufacturers, utilities, users, governmenta representatives and
organisations involved in the dissemination of energy technologies.
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Annex 10 will result in accomplished and initiated case studies and demongtration projects
rdated to potentid fidds of application. Furthermore, it should give generd
recommendations for the energy industry and more gpplication oriented R & D activities
with increased participation of industry, manufacturers, etc.

Duration: 1998-2000, Oper ating Agent: Sweden

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

In contrast to Annex 8 this Task deds with the storage of heat at temperatures above 50 °C.
The stored heat can be used without an heat pump. HT-UTES il is not yet widely used,
but might adlow further gpplications eg., in didtrict hegting, in waste heet recovery, in solar
hegting, etc. The type of UTES-systems concerned shal be confined to Aquifer Storage
(ATES) and Duct / Borehole Storage (DTES).

The Task isbeing carried out in two Phases.

Phase | (1.1.1998 - 30.06.1999)

Based upon the results from previous IEA activities and ongoing R&D, the objectives of
Annex 12 are to demondrate that HT-UTES can achieve more efficient, economica and
environmentally benign energy systems, and to disclose requirements and find solutions for
reliable, long-term operation. State-of-the-art-review has been completed along with the
recognition of system opportunities (from energy system sde).

Phasell (1.10.1999 - 31.12.2002)

Based on the conclusions and recommendations of the Phase | review, the necessary R&D
efforts will be initiated and demondtration plants erected, monitored and evauated. Long-
term perspective and scenarios will be investigated; environmental impacts and benefits will
be examined; design tools and guideines will be developed; water treatment methods
implemented; and materia suited for high temperatures tested.

Participating countries include Belgium, Canada, Germany, Netherlands, Sweden, and Tur-
key.

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

Annex 13:
Text to be added by Olof.

Annex 14: ?
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March 4, 1998

1998 CERT REVIEW OF IMPLEMENTING AGREEMENTS

|IEA/OECD
ENERGY END USE WORKING PARTY (EUWP)

IMPLEMENTING AGREEMENT
on

ENERGY CONSERVATION THROUGH ENERGY STORAGE

BACKGROUND AND SUMMARY

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

After discusson with Md Kliman, IEA, we agreed that this report should cover the period
January 1995 - December 1997 and the plans for 1998. A workshop on Strategy and
future plans for the Implementing Agreement was arranged in collaboration with the EUWP
in Montred by the end of January 1995. This workshop was essentid for the devel opment
and its outcomes have guided the work of the |A’s Executive Committee since then.

The Executive Committe of the ECES IA has produced annud reports since the start of the
ECESIA. The Reports were printed snce 1992. We are now working with the Strategic
Plan for the period 1998 - 2000, which will be based on the present Strategic Plan,
submitted 1994. The Committee has designated a working group that will comer up with a
proposa to the next ExCo meseting in June 1998. The chairperson of the group is Dr.
Volkmar Lottner, Germany, Member of the ExCo.

Since the latest Executive Committee meeting, in December 1997, the IA has the following
annexes in operation:

Annex 8: Implementing Underground Therma Energy Storage. Started May
1994. Termination date May 1999. Operating Agent: Sweden
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Annex 9: Electrical Energy Storage for Utility Network Optimisation. started July
1996. Termination date June 1999. Operating Agent: United Kingdom.

Annex 10: PCM and Chemicd Reections for Therma Energy Storage. Started
December 1997. Operating Agent: Sweden.

Annex 12: High Temperature Therma Energy Aquifer and Duct Storage. Phase 1 started
December 1997. Operating Agent: Germany.

Annex 13: Design, Congtruction and Maintenance of UTES Wells and Boreholes.
Started December 1997. Operating Agent : Sweden.

The new Annexes (10-13) are to be completed by the end of 2000. An Annex on Low
Temperature Energy Storage is under preparation. (Canada and Turkey).

The following countries are now (February 1998) active in the Implementing Agreement on
Energy Conservation through Energy Storage: Belgium, Canada, CEC, Germany, Japan,
The Netherlands, Poland, Sweden, Turkey, United Kingdom, USA. Finland has recently
activated their membership. Italy has sgned the IA but is passive a the moment.

Audrdia, Bulgaria, China, India, South Africaand Switzerland have expressed interest to
participate in the activities of the |A. Audtrdia and Bulgaria have sent observers to recent
executive Committee mestings.

Guidelines and Questionnaire

A.NATURE AND OBJECTIVES
Tasks’Annexes

1. Currently active Annexes :

- Annex 8: Implementing Underground Therma Energy Storage. Started May 1994;
Terminaion May 1999
Annex 9: Electricd Energy Storage for Utility Network Optimisation. Started July 1996;
Extenson Phase 2 from January 1998 and termination June 1999.
Annex 10: PCM and Chemicd Reections for Therma Energy Storage. Started
December 1997; Termination December 2000.
Annex 12: High Temperature Energy Storage. Started December 1997. Termination
phase 1 : December 31, 1998, phase 2 December 2000.
Annex 13: Design, Congtruction and Maintenance of UTES Wells and Boreholes.
Started December 1997; Termination December 2000.

2. Annexes Completed in the period January 1995 - December 1997:
Annex 6. Environmenta and Chemica Aspects of Thermd Energy Storage in Aquifers
and Research and Development of Water Treatment Methods. Starting 1987 and was
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formaly closed by The Executive Committee in January 1996. A short report is available
in the Annual Report 1996.

Annex 7: Innovative and Cost-effective Seasond Cold Storage Applications. Started
1989 and was closed by the Executive Committee in January 1996. A short report is
available in the Annua Report 1996.

3. Annexes under preparation:
Annex 14: Low Temperature Energy Storage

Nature of Work
4 The Nature of the |A’s activities

a) At the Megastock ‘97 there was a collaborative presentation between Germany and US
on Borehole Therma Energy Storage (BTES) gpplied on cold storage in Centra Europe
and the US. These will be followed up by a computer workshop and a presentation at the
2nd Stockton Conferencei March 1998..

b) IF Technology and the Netherlands has worked in helping US (especialy the State of
New Jersey) in desgning Aquifer Thermd Energy Storage (ATES). In particular , New
Jersey has gtrict environmentd regulations not originaly designed for this use of the aquifers.
Experiences from the Netherlands are tranferred to US on thisissue.

¢) The most important nature for the annex 12 work.

In the scope of Annex 8 there is a Collaborative Research proposal to the US NSF and

Turkey TUBITAK. Thiswould fund travelling between the two countries with two week
vidts to work on common interests related to BTES, ATES and environmenta impacts.

d) The ExCo meetings have information exchange from each of the participating countries on
the agenda at every mesting

€) On ExCo-mestings and in between through informa contacts

f) and d) Most of the formd activities are performed through annexes, workshops etc.
based on task-shared and task/cost-shared basis.

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

5. Main Technology area are:
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Underground Thermd Energy for Heating and Cooling has been the dominant technology
during the 1990’ s (before 1995). For annex 12: Optimisation of heat supply to buildings and
processes by storing heet at €levated temperature levels for longer time.

For annex 8 from US perspective; Marketing of GHP/UTES systems. Included in this
sharing Marketing research and programs of the Geotherma Heat Pump Consortium
(GHPC) and stting up an Electronic Journa. dso hosting a large conference.

6. Since the beginning of 1995 - the Montreal Workshop - the scope of work has extended
to Electrica storage (Annex 9) and PCM and Chemica Storage (annex 10).
For annex 9 specifically we can report; phase 1 (July 1996-December 1997) :
acomprehensve state of the art review of dectrical energy storage technologies world-
wide (Hywhed energy storage, power dectronics, batteries, Superconducting Magnetic
Energy Storage, fuel cdls, etc,), including comprehensive information from the various
participating countries.
a comprehensive and updated directory of storage systems devel opers, manufacturers
and suppliers
acritical examination of utility requirements for eectrical energy sorage systems
a techno-economic cost/benefit mode, to enable authoritative assessments of different
storage/applications matches to be assessed
an energy/emissons modd, to enable the energy/emissions benefits of different sorage
systems/applications matches to be assessed

Phase 2 (January 1998-June 1999):
the execution and delivery of a series of authoritative gpplications case sudies, suitable
for widespread dissemination
the delivery of two fully costed project definitions, to be used as the basis for any follow
on applications, demonstration schemes
the development and ddlivery of a storage systems network gpplications model
the ongoing collation and dissemination of gpplications and systems information and data
the production of a selected series of educationd and promotiona materia
the establishment of a planning framework for future EESAT conferences
the spawning of a series of complementary R& D programme activities, to feed into the
parent Annex 9, phase 2 work programme
complemented by the inauguration of the EESAT conference series (EESAT - Electrica
Energy Storage Systems, Application & Technologies)

7. Further applications of the studied technologies. Example: Low Temperature Storage.
Further project proposals are endorsed continuoudly by the ExCo. The added tasks are the
edtablishment of an dectronic Journa. The establishment of funding for transfer of UTES
technology to economicaly emerging nations or those with large infrastructure changes such
as Turkey and Poland.

Objectives
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8. According to the present Strategy Plan (December 1996) the Objectives are:

" The overd| objective of the Implementing Agreement on Energy Conservation through
Energy Storage isto develop and demongtrate various advanced energy storage
technologies for gpplications within avariety of energy systems and to encourage their use as
adandard design option. Energy storage technologies can improve the utilization of
renewable energies, in particular solar and wind and the greater utilization of waste hedt.
Energy storage technologies should be implemented in dl countries with a sgnificant energy
storage market potential”.

9. No, We do not think so. The work is consstent with the objectives set forth in the
agreement.

10. Yes, in principle. We might add something about Research, Devel opment and
Demondration in the next verson of the Strategic Plan..

11. We were, before the Montreal-Workshop in January 1995, asked by the EUWP to
broaden the scope of work. See aso question 6.
For Annex 9 the main technology areas/issues being addressed are:
gpplication of dectrica energy storage systems
integration of renewables and non-despatchable power sources
moddling
cost/benefit ratios
system technologies, including: battery storage, flywheds, cgpacitors, SMES,
compressed air/hydro and fuel cdll/dectrolyse systems.

B. PARTICIPATION

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

Bdgium Minigtry of Economic Affairs. Governmenta. Annex 8.
Bulgaria ... Interest in annex 10 (recent member).

Canada Public Works. Governmentad Agency. Annex 8, 9, 10, 12, 13
CEC DG XII. No participation at the moment, but will reactivateits

participation
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Denmark Ministry of Energy . No annex participation at the moment.
Expressed recent interest in annex 8.
Finland TEKES. Governmenta Agency. No annex participation at the
moment. Interest in Annex 9, 10
Germany Forschungzentrum Jilich, GmbH. Governmentd Agency. Annex 8, 9,
10, 12, 13
Italy ENEA, Governmental Energy Research Agency. Passve member. No
annex participation
Japan Heat Pump and Therma Energy Storage Center of Japan.

Industrial and Governmental Agency. Annex 8, 10.....

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

The Netherlands  NOVEM, The Netherlands Agency for Energy and the
Environment. Governmental Agency. Annex 8, 9, 10, 12, 13

Turkey Cukurova University, Adana. ” Academic”. Annex 8, 10,
(12, 13).

UK EA Technology. Consultancy Company. Annex 9...

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

Witin the Annexes research indtitutes, engineering and industrid companies (e.g. eectric
utilities, manufacturers) work together to develop and demonstrate new energy storage
technologies.

Member Countries

2. France, Audtria, Korea, Audtraliaand countries listed above, in Background and
Summary. We work with promotion activities but have not reached the ultimate god yet!
Switzerland, for example, is not participating in ECES |A yet, in spite of their long
experience and many activities.

3. Yes. The best thing to " sdll” the | A according to our opinion isto work with attractive
annexes and information activities. Storage isimportant in today’ s and tomorrow’ s energy
sysem.
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Non-Member Countries
4. Poland and Bulgaria.

5. Yes. Every country contributes with new experiences, especialy the less developed
countries have differing requirements and economics

6. Y es. Endorsement of promotion and open attitude from the IA’sto NMC's. Contacts
with NM C-countries are very helpful to ” sharpen the eye” for specid needs.

Other Participants

7.

a) ExCo, mainly officid delegates: See dso question B1. Indugtry isinvolved especidly in
the TaskgAnnexes. Annex 9, but dso in the other annexes. Different "rules’ in different
countries.

b) Yes. Example Therewill be alarge involvement of Utilities, Manufacturers and Design
Professionas at the upcoming conference at Stockton in March 1998 and over 180 from
this segment participated at the first meeting.

¢) Moreor lessarulein Annex 9 ; The Indudry is directly involved in the various activities.
Nationa Team participants have been actively involved in the various activities of the Annex,
including the successful programme of Expert’s meetings and in response to the various
technica questionnaires etc.

d) GHPC has supplied reports on Design Tools, Marketing and Education for Designers.
8. Yes. see question B1 and 7.

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

participation.
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10. We believe so indeed. For ingtance, industry can beinvolved to alarger extent in
demondtration projects.

C.ACTIVITIES
Meetings

1. @ The Executive Committee meetings are normally twice ayear. Average attendence
during last three meetings has been 25 people.

b). Technicd Meetings and Workshops, Annex experts meetings 2-4 times a year, about
the same with workshops. Annex meetings attendence about 12 ans associated Workshops
40 people. Annex 8 experts had many participants and presentations at the MEGASTOCK
‘97 conference and are dominating at the Stockton Conference in March 1998, c.f question
B 7b).b).

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

¢) Seminars and conferences . One International Conference every three years. The latest
MEGASTOCK ‘97 one in Sapporo 1997. Usually 100 papers and 200 attendees.
Seminars1 - 2timesayear. (C.f 1 b).

Costs of Agreement

2. It differsalot from country to country. Up to now, the ” Chairperson- and secretary-
country” has taken the cogts for the secretariat - chairperson and secretary - and the
responghility for that has circulated around the countries. Most of the annexes are run on
task-sharing or combined cost/task-sharing basis. Also difficult to calculate are the reports
from the GHPC aswdl| as the sum of the cogts of traveling. Example from the Stockton
Conferences: Total cost more than $ 200,000 to put on together. the monitoring results of
the RSC UTES project - the tota research funds for monitoring isin excess of $ 1.2 million.
Above that there are anumber of smaller projects connected to various activities.

a) We do not have any common fund for the A . The work of the Operating Agent in
Annex 9isjointly funded. (Phase 1: £ 150,000; Phase 2: £150,000)
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b) Difficult to cdculate. The Internationd collaboration is, in many cases, integrated with
nationd activities. Annex 12 (1998): One person month is required from each participating
country for the internationa co-operation within the Annex.

¢) Example: EESAT ‘98 is planned as the mgor open access dissemination event for the
Annex 9 and isto be salf supporting financidly, open to both participants and non-
participants. For annex 12; relevant work linked to the annex in Germany approx. USD
100.000 .

Informeation exchange. More Examples: Additiona vaue of the benefits of the information
exchange is the collaborative projects and student and other persondl exchange program.
Examplesfrom Turkey:
Collaborative project for feashility study of ATES to a Hospital was realised by task-
sharing and financia support from Nationa project resources.
Student exchange is financed by internationa Scholarship programs. PhD student visting
the Technical University of Luled, Sweden to study cold storage and one geological
engineering student visting VBB/VIAK, Madmo, Sweden, for training in pump tessin
ATES and moddling & the Technical University of Lund, Sweden.

Dissemination of Results

3. A ligt of publicationsis attached to each annua report during the period. Please, ook at
these lists. Moreover, the annex 8 and annex 9 are working with these matters. Example:
Proceedings from the Stockton conference will form the first issue of the Electronic Journd..
the web sSite has just been set up. A specid Task of the Executive Committee Member isthe
nationa dissemination of the IEA activities and results

Examples. The |A: Conference proceedings, Internet, Publications. Annexes. Workshop
Proceedings, State of the Art reports

4. The ExCo and annex 8 and 9 have home pages. The annex 9 will also arrange an
International Conference in June 1998 (see above) to introduce a forum for information for
and discussion of the results and activities. Discussions underway for an eectronic sorage
newdetter and possibly alist server discusson group.

5. During the period of this report 5 new countries have joined the |A and the annexes 8 -
13 have gtarted The deve opment will continue during the period of the |A’ s extension,
(1998-2000). The Draft Strategic plan will be discussed at the first time at the next ExCo
meeting in June, 1998.

Co-ordination with Other Bodies



ECESIA ANNUAL REPORT 1998, APPENDIX 5 - 1998 CERT REVIEW Page 55/59

6. Energy torage is atechnology which isimportant in an energy system. A storage plant
does not, however, work only by itsdlf. It is one component of an energy system. In systems
with solar, heat pumps and digtrict heating and cooling for example storage sysems are
essentid for the utilization of renewables or waste hest. The system efficiency will incresse,
It istherefore naturd to collaborate with the 1As representing these technologies, including
the Energy Conservation in Buildings and Community Systems (ECBS) IA. aswdl aswith
the Demand Side Management (DSM)We have aso collaboration with the EETIC IA for
co-ordinating information activities, etc.

Some of the members of the ExCo are dso members of other ExCos and consequently,
information exchange and strategic collaboration can easily be discussed with other relevant
IAs. Examples: The Swedish delegate is dso amember of the Heat Pumping ExCo and the
German delegate of the Solar Heeting and Cooling ExCo.

7. No forma arrangements at the moment. More person to person. Members of the ExCo
are often delegates in more than one Committee and / or have colleagues working in other
Committees.See question 6, above.

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

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

I nternal Assessment and Planning

9. We use the Executive Committee and their National network of experts for built - in
review.

10.We have a Strategic plan for the period 1994 - 1997. (sent by mail separately) At the
latest ExCo- meeting ( December 1997) we decided to review and update it and make it
vaid for the period 1998-2000. A draft will be discussed at the next ExCo meseting in June,
1998.

11.We have designated a group to work with the new Strategic Plan for the period 1998-
2000 according to the procedure in question 10. The last time was 1993 - 1994 ending up
the 1994 Strategy Plan set for the period 1994-1997. As the plan was formally expired by
the end of December last year, we decided that we should review and renew it.

12. We have pursued the objectives of our plan and have successfully achieved most of
them. We aso work with the current redlity and Stuation. The redlity leads the way we run
the |A and the Strategic plan is our way to predict it. From the Workshop in Montredl
January 1995 and the meeting with the EEUWP in April 1995 gave the ExCo clear
indructions.
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D. ACHIEVEMENTS AND BENEFITS OF CO-OPERATION
Technology Development

1. Previous annexes have substantidly contributed to technology development and have
been crucid for the continuous development. Annex 8 and 9 are aso important for the
development. The Annex 9isnot aR&D Annex, rather an gpplications annex. The other
new annexes 10-13 started Decemeber 1997 so they have not contributed yet.

2. The Annex 6 work with the continuation of aquifer storage technologies. The Chemica
and micro-biologica problems were about to jeopardise the technology in the 1980's.
Annex 7 with the internationa development of Cold Storage technologies. Annex 8 with the
further implementation of aquifer and borehole storage technology. Annex 9 with
the successful introduction of the important technology of storing eectricity.

3. See publication listsin the annua reports. Example. The Stockton project ( A large
borehole storage plant) and its videotapes have influenced many large projects including
some in the US (Cdifornia, Virginia, etc.) aswell asin Sweden and Germany. Examples.
Thereisan aticle in Swedish Building Research 1997, From Conference information US
found out about a Swiss roadway deicing project and Energy Piles. There are now one of
each of those projectsin the US. (Even though the data was never asked for , the ideas and
success was tranamitted to the US.) Within the annex 7 - 4 important German publications
1994-1997. Annex 8: workshops in Adana, Turkey (1995), Haifax, Canada, (1996),
Leuwen, Belgium, (1997), Stockton, USA (March 1998).

2., 5. (additiona information) Cold storageis ared success technical and economica, not
only in Sweden and the Netherlands. Severd plants with direct cooling have been built in
Germany after the end of annex 7, started through publications related to that annex. In
particular, in combination with the newly developed ” Energy Files’, underground cold
dorage, israther successful and now growth without further help from governmenta
financing. Some examples:

- GSHP with direct cooling for the Neantertal Museum, Mettman, Germany (1996)

- Aquifer cold storage for the Reichtag Building, Berlin, Germany (under congtruction.
ready 1999).

- Energy Piles with cold storage for the Main Tower of the Helaba - bank. Frankfurt,
Germany. (under construction, ready 1999).

- anumber of smdler plants with GSHP and direct cooling for office buildings a various

placesin Germany.

Technology Deployment
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4.Through the annex works; in particular annexes 6, 7, 8, 9. This occurs through
demondtrations in each country. For example, in the Netherlands the Annexes 6 and 7 have
led directly to alarge-scale implementation program.

5. Annex 8: Implementation of an extensve program on demongtration plantsin the
Netherlands.

Annex 9: The production of the software assessment packages and the increased
understanding of the systems gpplicability has aready focused thoughts on a number of
possible applications demonstration schemes, to be addressed in the second phase of the
annex 9.

6. Various publications about Low Temperature Thermd Energy Storage in Ducts and
Aquifersby CADDET (Sanner, Hellstrom, Nordell)
Assging the Geothermd Consortium in the USA with modelling, etc.

Networking

7. Example: We will contribute to the Heat Pumping Newdetter with information about the
activities of thelA.

8. Each of the active persons contributes to the dissemination of information in the country.
There are nationa networks, often in form of Nationa Teams.

9. The strengths are the network with people that know each other well and have short
ways of communication and they represent different positions in the society. Example: The
Lund Universty SBM modd was an important tool in designing the Stockton UTES system
and Goran Hellstrom, project manager, was instrumentd in giving access to software

Policy Relevance

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

11. To some extent, yes. Non-member countries have expressed interest to participate in
annexes and the |A.
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Environment

12. The Environment issues are important and go through dl the activities. Annex 7: Sysem
andyss of cold storage UTES including environmenta impact, in particular reductions of
carbon-dioxide-emissions. See aso #10.

More efficient Use of Resources

13. Thisisthe way we work in the annexes. task or task/cost sharing activitiesin al
annexes. Technica workshops are arranged to discuss results and technica metters.
Examples

Annex 7. Shared system andysis, each participating country responsible for 2 dternatives -
out of 8 - results of value, results of value to everybody

Annex 8: Shared activities in dissemination (e.g. Workshops), software list etc. Shared
effortsin ate of the art reports.

14. For dl activities: Avoid earlier mistakes. State of the art reports are essential.

Example from the start-up process of annex 12

A firg discussion on continuing co-operative R& D within the IEA framework took place at
aHT-UTES workshop in June, 1996, during the IEA ECES Annex 8 expert’'smesting in
Halifax, Canada. In April 1997, a dedicated workshop on HT-UTES within IEA ECES
was performed in Berlin, Germany with international attendance. This workshop was a
platform for afirst review of the Sate of the art and the future opportunities, and resulted in
the recommendation to proceed in establishing arelevant annex. In December 1997 just
before the ExCo-mesting, afina preparatory meeting took place in Paris, France, and the
annex was accepted by the ExCo at the December 1997 meeting. The preparatory activities
hel ped to shape the objectives and workplan and alowed to begin with information
exchange a an early stage.

The objectives of this annex are to demondtrate that the HT-UTES can be attractive to
achieve more efficient economica and environmentaly benign energy systems, and to
disclose requirements and find problem solutions for religble long-term operation. The type
of UTES-systems concerned shdl be confined to Aquifer sorage (ATES) and
Borehole/Duct storage (DTES).

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

- Energy conservation (as dated in thetile of the lA). HT-UTES will alow to use
renewable energies like solar therma energy, which otherwise has bad characterigticsin
matching time of heat load and supply, and to make use of waste heet in times where no
heet load exists. In consequence, other (fossil) primary energy can be saved. Using HT-
UTES, ds0 the energy necessary for recovering the heat can be minimised.



ECESIA ANNUAL REPORT 1998, APPENDIX 5 - 1998 CERT REVIEW Page 59/59

Environmenta benefits (reduction of emissons). In unison with energy conservetion the
emission of carbon dioxide and noxious gases will be reduced substantialy. If waste heat
can be used for storage, then aso therma pollution caused be dumping this heet into the
environment can be mitigated. HT-UTES might here play a double role with reducing flue
gas emissons and decreasing therma emissions Smultaneoudy.

Economic benefits and improved reliability. It is expected to achieve eventualy agood
economic basisfor HT-UTES, a least in plants making use of otherwise wasted thermal
energy. Rdiability can be very high, provided the rlevant techniques (e.g. water
treatment) will successfully be demonstrated.

15. For mogt of the countries - yes. Examplesto be found at various placesin this
document.

Overall Significance of Agreement

16. Initiation of saverd new Annexes with new topics (e.g. eectricd energy soragein
Annex 9). Reaching out to new communities of storage technologies such asfud cdls,
batteries, flywheds, SMES, renewables and making their work relevant to eectrica utility

planning.

17. We do not know about the rating, but the |As with over 20 participating countries and a
strong history are of course stronger. |As dedling with energy production in any form crestes
eader understanding from people outside the "inner circle’. To utilize the strength and the
body of the IEA isavery easy and efficient co-operation on the expert’s level

18. Broadening the scope of work, starting new annexes will certainly attract new countries.
The ongoing annexes are the motor of the IA.



