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INTERNATIONAL ENERGY AGENCY

In order to strengthen cooperation in the vital area of
energy policy, an Agreement an an Internatiornal Energy Program
was formulated among a aumber of industrialized countries

in November 1974. The International Energy Agency (JEA)

was established as an autonomous body within the organization
for Economic Cooperation and Deveilepment (O0ECD) to administer
that agreement. Twenty countries are currently members

of the IEA, with the Commission of the Furopean Communities
participating under a special arrangement.

As one element of the International Energy Program, the
participants undertake cooperative activities in energy
research, development, and demonstration. A number of new
and improved energy technologies which have the potential
of making significant contributions to our energy needs
were ideptified for collaborative efforts. The IFA Committee
an Energy Research and Development {CRD}, assisted by a
small Secretariat, coordinates the energy research, develop-
ment, and demonstration program,.

Solar heating and cocling program

Solar Heating ard Cocling was one of the technologies selected
by the IEA for a collaborative effort. The objective was

te undertake cooperative research, development, demonstrations
and exchanges of information in order to advance the activities
of all Participants in the field of solar heating and cooling
systems. Several tasks were developed in key areas of solar
heating and cooling. A formal Impiementing Agreement for

this Program, covering the coatributions, obligatieons and
rights of the Participants, as well as the scope of each

task, was prepared and signed by 15 (now 20} countries and

the Commission of the Eurcpean Communities. The overall
program is managed by an Executive Committee, while the
management of the tasks is the responsibility of Operating
Agents who act an behalf of the other Participants.

The tasks of the 1EA Solar Heating and Cooling Progeams
and the s eespect ive perating Agents are:

! investigation of the Performance of Solar Heating
and Coocling Systems - Technical University of Denmark

I Coordination of R & D on Solar Heating and Cooling
Compenents - Agency of Industrial Science and Techno-
logy, Japan

IIT  Performance Testing of Solar Cellectors - Kernforschungs-
anlage Jiilich, Federal Republic of Germany

Iy Development of an Insolation Handbook and Instrumentation
Package - United States Department of Energy

v Use of Existing Meteorological Information for Solar
Energy Application * Swedish Meteorological and Hydro-
Togical Institute

Y1 Performance of Solar Heating, Cooling and Hot MWater
Systems Using Evacuated Collectors - linited States
Department of Energy

¥1I  Central Solar Heating Plants with Seasonal Storage -
Swedish Couacil for Building Research

VIII Passive and Hybrid Solar Low Energy Buildings - United
States Department of Energy

[x Solar Radiation and Pyranometry Studies - National
Research Council, Canada

Collaboration in additional areas in likely to be considered
as projects are completed or fruitful topics for cooperation
identified.

Task VI1 - Central Solar Heating Plants with Seasonal Stc
Feasibility Study and Design

In colder climates solar energy for heating of buildings
is least abundant when it is needed most - during the wir
A seasonal storage is needed for making solar heat gainec
during warmer months available for later use. From inves
igations of various storage metheds two observations can
be made: The choice of storage method will greatly infl.
the working conditions for and the optimal choice of the
solar collectors and the heat distribution system; and
based on the technique that is available today the most
economic solutions will be found in large applications.
The objective of Task VIl is to determine the technical
feasibility and cost-effectiveness of such seasonal! sclar
energy storage for large-scale district heating systems.
The Participants will evaluate the merits of various comp
and system configurations for collecting, storing and dis
buting the eneraqy, and prepare site-specific designs for
specific systems.

The work is divided in rwo phases, preliminagy design
paranetric study ol design alteenarives. The work Juring
the Viest phase s aandeetaben in Five Subtashs:

Subtask Ta: System Studies and Optimization
{Lead Country: Canada)
Subtask Th: Sclar Collector Subsystems
(Lead Country: USA)
Subtask l¢: Heat Storage
{Lead Country: Switzerland)
Subtask 1d: Heat Distribution System
{Lead Country: Sweden}
Subtask le: Inventory and Preliminary Site Specific Syst

Design
{Lead Country: Sweden)
The participants in this Task are Austria, Canada, the
Commission of European Communities, Denmark, Germany, the
Netherlands, Sweden, Switzerland, the United Kingdom and
the United States,

This report documents work carried out under Subtask
lc of this Task. The co-operative work and resulting rep
is described in the foilowing section.



central solar heating
plants with seasonal
storage

heat storage systems:
concepts,

engineering data and
compilation of projects

Pierre Chuard, Jean-Christophe Hadorn
Sorane SA, Switzerland

and the participants in Subtask 1c of the IEA Task VII June 1983
e

This report is part of the work within the IEA Solar Heating and Cooling Programme,

Task VII: Central Solar Heating Plants with Seasonal Storage
Subtask Tc: Heat Storage

424389/3







- {ii -

ACKNOWLEDGEMENTS

The reports of Subtask Ic are the result of an international coopera-
tive work within Task VII. Many Task participants - especially in
Subtask 1c - have made significant contributions to this work, as well
as several companies in their respective countries. Some of these,
such as modellers teams and engineering companies, were not directly
involved in Task VII.

Three different versions of the reports were prepared by Pierre Chuard
and Jean-Christophe Hadorn, of Sorane SA, lausanne, Switzerland, under
contract with the Swiss Federal O0ffice of Energy. The work has been
sponsored by the Swiss National Energy Research Foundation.

These versions have been improved by the joint effort of the Subtask lc
participants.

The authors also wish to acknowledge the encouragement and support
provided to Subtask 1¢ by the Task Operating Agent: Arne Boysen, of
Sweden.




LIST OF THE PARTICIPANTS IN SUBTASK 1c OF THE IEA TASK VII

Austria

G. SCHAFFAR

TU-Wien

Institut fur Allgemeines Physik
Karlsplatz 13

A - 1040 WIEN

Canada

E. MOROFSKY

Public Works Canada

Energy Technology

Sir Charles Tupper Bldg. C 456
OTTAWA, Ontario K1A QM2

Denmark

K.K. HANSEN

Thermal Imsulation Lab.
Building 18

Technical University of Denmmark
DK - 2800 LYNGBY

EC

D. VAN HATTEM

Commission of the European Communities
Joint Research Center

ISPRA Establishment

I - 21020 ISPRA

Federal Republic of Germany

H. RIEMER & F. SCHOLZ
Kernfoerschungsanlage Jiilich GmbH
Postfach 1913 STE

D - 5170 JULICH

The Netherlands

C. DEN OUDEN & A. WIJSMAN
Institute of Applied Physics
THO/TH

P.0. Box 155

NL - 2600 AD DELFT

Sweden

P.C. KARLSSON

Statens Vattenfallsverk
Konstruktion och byggarde
S - 162 87 VALLINGBY

G. HELLSTROM

University of Lund

Dept. of Mathematical Physics
Box 725

S - 220 07 LUND

Switzerland

P. CHUARD & J.C. HADORN
Sorane SA

Route du Ch3telard 52
CH - 1018 LAUSANNE

The United Kingdom

B. ROGERS

Dept. of Mechanical Engineering
and Energy Studies

University College

Newport Road

GB -~ CARDIFF CF2 1TA - HWales

The United States of America

A.T. MICKAELS

Solar Thermal Storage Program
Argonne Natiomal Lab.

9700 South Cass Ave.

Building 362

ARGONNE, Illinois 60439

L. KANNBERG

Underground Energy Storage Progranm
Batelle Pacific Northwest Labs.
P.0. Box 998

RICHLAND, WA 99352




TABLE OF CONTENTS

Acknowledgements
List of the participants in Subtask 1c of the IEA Task VII
Table of contents
List of figures
Executive Summary
Introduction
Heat storage concepts considered in Task VII
Design, applicability, and problems of each storage concept
3.1. Water tank storage concepts (by F. Scholz, FRG)
3.1.1. Technical description
3.1.2. Anplicability
3.1.3. Structural and other problems
3.2. Pit storage concepts {by B. Rogers, United Kingdom)
3.2.1. Technical description
3.2.2. Applicability
3.2.3. Design and problems
3.2.4. Experience
3.3. Cavern storage concepts (by P.0. Karlsson, Sweden)
3.3.1. Technical description
3.3.2. Applicability
3.3.3. Design and problems
3.3.4. Experience
3.4, Aquifer storage concepts (by J.C. Hadorn, Switzerland)
3.4.1. Technical description
3.4.2. Applicability
3.4.3. Design and problems

3.4.4. Experience

i1

iv

n
1
12
12
14
15
15
19
19
20
21
21
24
24

25




Page

3.5. Earth storage concepts (by A.J. Wijsman, The Netherlands) 27

3.5.1. Technical description 27
3.5.2. Applicability 28
3.5.3. Design and problems 28
3.5.4. Experience 29
3.6. Rock storage concepts (by P.0. Karlsson, Sweden) 31
3.6.1. Technical description 31
3.6.2. Applicability 33
3.6.3. Design and problems 33
3.6.4. Experience 34
Survey of the seasonal heat storage work in the participating
countries 35
4.1. Austria (by M. Bruck and A. Sigmund) 37
4.1.1. Pilot projects in ground-coupled systems 37
4.1.2. Seasonal storage - Project Kranebitten 38
4.2. Canada (by E.L. Morofsky) _ 39
4.2.1. Introduction 39
4.2.2. Insulated tank 40
4.2.3. Aquifer storage 40
4.2.4. In-ground heat storage 41
4.2.5. Analytical design aids 41
4.2.6. Mined cavern storage 42

4.3. Commission of the European Communities - Joint Research

Céntre, Ispra Establishment (by D. Van Hattem) 43
4.3.1. Historical 43
4,3,2. Current activities 43

4.3.3. Other EC activities 43




4.4,

4.5.

4.6. The Netherlands (by A.J. Wijsman)

4.7.

4.8,

4.9,

- Vil -

Denmark {by K.K. Hansen)
4.4.1. Historical
4.4.2. Current activities

4.4.3. Future investigation

Federal Republic of Germany {by F. Scholz)

4.5.1. Review
4.5.2. Current activities

4.5.3. Future activities

4.6.1. Historical

4.6.2. Current activities
4.6.3. Future investigation
Sweden (by P.0. Karlsson)
4.7.1. Historical

4.7.2. Current activities
4.7.3. Future investigation
Switzerland {by J.C. Hadorn)
4.8.1. Historical

4.8.2. Current activities
4.8.3. Future investigation
United Kingdom (by B. Rogers)
4.9.1. Historical

4.9.2. Current activities

4.9.3. Future investigation

45
45
45
45
47
47
48
49
51
51
51
52
53
53
54
55
57
57
57
57
59
59
59

59




- viif -

Page
4.10. United States of America (by A.I. Michaels) 61
4.10.1. Historical 61
4.10.2. Current activities 61
4.10.3. Future investigation 62
Compilation of some heat storage projects in the participating
countries 63
5.1. Tank storage 65
5.1.1. Aylmer Senior Citizens Residence {Canada) 67
5.1.2. Provident House (Canada) 71

5.1.3. Ingelstad - Vaxjo solar heating plant {Sweden) 75
5.1.4. Lambohov - Solar heating plant (Sweden) 79
5.1.5. Sodertuna - Alternative A: Steel tank (Sweden) 83
5.1.6. Water tank Uppsala (Sweden) 87
5.1.7. Seasonal water storage vessel - CCR, Ispra (EC} 89
5.2. Pit storage 91
5.2.1. Large warm water reservoir project (Germany) 93

5.2.2. Design of the long time store in Wolfsburg

(Germany) 95
5.2.3. Hot water storing project, Mannheim (Germany) 99
5.2.4. Interseasonal solar space heating
(United Kingdom) 103
5.2.5. Solar heating plant at Studsvik (Sweden) 107
5.3. Rock cavern storage 111
5.3.1. The Avesta project {Sweden) 113
5.3.2. The Lyckebo project {Sweden) 115

5.3.3. Seasonal storage of heat from lakes in an
abandoned mine at Kopparberg (Sweden) 119




5.4. Aquifer storage

5.4.1. Aquifer heat storage plant - Artificial
aquifer (Germany)

5.4.2. SPEQS project (Switzerland)

5.4.3. St. Paul Minnesota, USA field test facility
(USA)

5.4.4. Scarborough GOCB - Hot/cold aquifer thermal
energy storage (Canada)

5.4.5. Trands aquifer thermal energy storage (Sweden)

5.4.6. Klippan aquifer thermal energy storage (Sweden)
5.5. Earth storage

5.5.1. The Groningen project (the Netherlands)}

5.5.2. The Vaulruz project (Switzerland)

5.5.3. SUNCLAY - Project at Kungsbacka (Sweden}

5.5.4, Heat piles for foundation and heat storage,
Huddinge (Sweden)

5.5.5. Energy storage in clay, Upplands Vasby {Sweden)

5.5.6. Alternativenergieprojekt, Innsbruck-Kranebitten
(Austria)

5.5.7. Seasonal solar coupled ground storage,
CCR - Ispra (EC)

5.6. Rock storage
5.6.1. Multiple well system at Luléa {Sweden)
5.6.2. SUNSTORE project, Stora Kuggan {Sweden)

5.6.3. Sodertuna - Alternative C: Multiple well system
( Sweden)

References and bibliography

List of the IEA Task VII reports

Page
121

123

125
127

129
133
135
139
141
145

149

153

155
157

161
165
167
171
175

179

189




LIST OF FIGURES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Steel tank heat reservoir (System: Th.J. Hedbdck)
Semi-excavated pit storage, partly insulated
Three-dimensional sketch of the Avesta demonstration plant
Three-dimensional sketch of the Lyckebo heat storage plant

Layout of blockfilled rock caverns for seasonal storage of
hot water

Principle for mining of a blockfilled rock cavern

Thermal energy storage in confined aquifers - Proposed
geometries for injection and pumping wells

Thermal energy storage in free aquifers - Proposed geometries
for injection and pumping wells

Different concepts of earth heat storage
Multiple-well heat storage - Principal sketch
Multiple-well system - Circulation systems
Closed circulation system

Temperature zones in a cylindrical multiple-well storage -
Principal sketch

Aylmer tank details

Provideﬁt House thermal storage tank
Ingelstad/Schematic diagram - Energy flows
Ingelstad/Cross section through the tank

The Lambohov solar heating system and energy flows
Lambohov/Stratifying infeed assembly

Stdertuna Alt. A/Schematic diagram of solar energy system

11

16

16

18

i8

22

23

29

31

32

32

34

69

73

77

77

81

81

85




21.

22.

23.

24.

25.

26.

27.

- 28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

a1.

4z2.

- xi -

Sodertuna Alt. A/Basic design of steel tank of 50'000 m3

Uppsala/Vertical section through accumulator

-CCR Ispra/Seasonal water storage vessel

Warm water reservoir project/Version floating cover -
Details

Wolfsburg/Cross section through the pit
Wolfsburg/Detail of the side and bottom containment

Mannheim/General views of an earth pit for the seasonal
storage

Mannheim/General views of a cylindrical steel tank for the
seasonal storage

System diagram

Cross section through heat store

Studsvik pit/Sketch of the pilot plant and office building
Studsvik pit/Heat store shape and dimensions

Avesta/Layout of the test plant

Avesta/Principles for normal operation of the heat storage
Lyckebo/Three-dimensional sketch of the rock cavern
Lyckebo/System diagram

Kopparberg/System diagram

Artificial aguifer storage unit

SPEOS/Storage concept

St Paul/Block diagram of the ATES site, University of
Minnesota

Scarborough/Site stratigraphy

Trands/Principal sketch of the system at injection phase
(summer)

Page

85

88

90

94

96

97

100

101

105

105

109

109

114

114

116

117

120

124

126

128

131

134




43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

- Xii -

Groningen/Insertion of the tubes by a vibrating lance method
The heat storage system of Groningen

Vaulruz/Cross section through the excavated earth storage
SUNCLAY/Energy system schematic

SUNCLAY/Principal section of the ground storage

Huddinge/Seasonal storage of solar energy in clay with heat
piles

Kranebitten/Soil storage schematic (vertical cross section)
CCR Ispra/Schema seasonal solar coupled ground storage
Luled/Multiple well storage system

Stora Skuggan/Principal sketch

Sodertuna Alt. C/Multiple well store - Schematic drawing

Page

143
144
147
151

151

154
158
163
169
173

177




- xiii -

EXECUTIVE SUMMARY OF THE WORK UNDERTAKEN IN SUBTASK Tc¢

INTRODUCTION

Within the IEA Task VII, the Subtask 1c called "Heat Storage" has
the specific goal to collect and co-ordinate research and
engineering information on heat storage systems to be considered
in the design, analysis, and optimization of Central Solar Heating
Plants with Seasonal Storage (CSHPSS).

In Subtask 1c three main fields were covered:
1. Seasonal heat storage simulation models
2. Cost data and cost equations for heat storage concepts
3. Basic engineering information for seasonal heat stores

The basic information collected in the Subtask among the ten
participating countries has been analysed and presented in three

reports dealing with each identified field. The Subtask work concurrently
allowed the participants to select heat storage models suitable to

the needs of Subtask Ta: "System Studies and Optimization", as well

as adequate cost equations and cost parameters describing the

various types of storage systems considered in the Task.

The purpose of this Executive Summary is to give an overview of
the work accomplished in Subtask 1c, and of the three detailed
reports which resulted from the cooperation and discussions among
participants.




HEAT STORAGE CONCEPTS CONSIDERED IN TASK VII

Dealing with large-scale seasonal heat storage for solar heating
plants, and considering the past and present deveiopments in this
field, the participants in Task VII decided, in 1980, to consider
storage systems in which:

- the sensible heat of materials only is used
- the transfer medium is a liquid

- the annual variations of temperature are between
10°C and 100°C approximately

Seven storage types were identified as concepts to be investigated.
They are the following:

1. Tank insulated and/or uninsulated
2. Pit insulated and/or uninsulated
3. Cavern insulated and/or uninsulated
4, Aguifer confined or unconfined
5. Earth disturbed or undisturbed
6. Rock undisturbed

B

7. Sclar controlled gradient pond

As the interest in solar ponds was not widespread among participants
it was later decided not to consider these.

Hence, six concepts, mainly underground storage, have been considered
in Subtask lc.




HEAT STORAGE MODELS AND THEIR SELECTION

The aim of this part of the Subtask work was to gather
information concerning seasonal heat storage simulation models,
their capabilities and availabilities, to present in some

detail several models suitable to the needs of Task VII, and,
finally, to select models compatible with the optimization tool
{the MINSUN program) and the analytical tool (the TRNSYS program)
chosen in Subtask la.

In the resulting report, a general overview of about 50 existing
heat storage models in the ten participating countries in 1981
is presented.

The information was processed by Lead Country Tc, based on
questionnaires which were distributed to the participants at the
beginning of the Task.

Considering this basic information, a more precise analysis was
performed for about 20 models, which were identified as being
availabie.

A detailed analysis was then executed for 15 models classified
in 3 categories:

- models for water tank, pit, and cavern storage systems
- models for earth and rock storage systems
- models for agquifer storage systems,

and typical test cases were submitted to the authors of the
models.

Considering the capabilities, size, and results of each evaluated
model, and keeping in mind the specialities and constraints of
Task VII, the participants decided to choose a set of programs
developed in Swéden by Lund University. These are the following:

SST: Stratified Storage Temperature Model (for tanks,
pit, and cavern)

DST: Duct Storage Model (for earth and rock storage)
AST: Aquifer Storage Model (for aquifer storage)

These models are based on 2-D explicit finite differences, and
they basically solve the heat conduction equation in soils.
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For water storage in tanks, pits, and caverns, vertical
stratification is accounted for.

For earth and rock storage, the local processes around pipes or
ducts, and the global processes (storage losses) are treated
with a superposition method.

For aquifer storage, a special technique is used to take into
account the convective terms in a one-well ordoublet system
with prescribed horizontal water flow.

The models have the basic advantage to be complete (with few
restrictions}, while not consuming too much computer time.
Furthermore, they are at least partly validated.

The integration of the models into TRNSYS and MINSUN, by their
authors directly, started in Sweden in 1982 with a lower priority
for AST, due to time constraints.
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COST INFORMATION AND COST MODELS FOR HEAT STORAGE CONCEPTS

The optimization program for Central Solar Heating Plants with
Seasonal Storage needs storage models used as subroutines, as
well as cost equations describing the various storage components
to be optimized.

For this main purpose and also for storage cost comparisons,
the Subtask participants were asked to provide cost information
concerning the storage types they were mostly interested in,

as well as the distribution of investment costs between the
storage main components.

After a general cost comparison among participating countries, cost
equations were developed describing in terms of the MINSUN
independent variables the total investment cost for each identified
type of storage.

Typical values of the parameters involved in the equations
{(mainly specific costs) were then given - usingthe basic cost
information provided by the participants - to the Subtask group
responsible for optimization studies.

This work should be considered as a first attempt to give future
cost projections since few large-scale storage systems have been
built in the participating countries in 1981/1982.

Furthermore, as a result of the IEA cooperation, the Task participants
are able to investigate, with some restrictions due to national
conditions, the economic competitiveness of storage types with which
they do not have much experience.




al
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HEAT STORAGE CONCEPTS AND ENGINEERING DATA

The purpose of this part of the Subtask work was to gather

information among the participating countries about engineering
aspects of some major concepts of seasonal heat storage considered
in the Task.

The aim was not to produce a "heat storage handbook", but rather
an overview of the applicability, the existing experiences, and
the future of the storage concepts.

To reach these objectives, the final report is organized into
three main parts:

the general design, applicability, and past experience
of each storage type is outlined in a brief description
written by some participants

an overview of the national activities and specific
interest in seasonal storage of each participating
country is presented

and, finally, based on questionnaires that were
distributed to the participants during the Subtask work,
a compilation of some interesting heat storage projects
in participating countries was made, using a summary
sheet for storage projects developed in the framework
of similar EC work

More than 25 actually constructed projects or design studies in
the field of large-scale seasonal storage are briefly presented,
together with references and contact persons.




INTRODUCTION

The main purpose of Task VII of the IEA Solar Heating and
Cooling Program, " Central Solar Heating Plants with Seasonal
Storage", is to determine the technical feasibility and cost
effectiveness of seasonal storage combined with large scale
solar district systems.

During the past ten years, a great deal of studies and experiments
has been achieved over the world in the field of seasonal heat
storage,

Seasonal storage can be considered, in colder climates, as the
only way to reach high solar fraction of domestic heating loads
in an active solar system, and even in a hybrid system.

Moreover, seasonal heat storage can allow important savings
(30-50%) on the total amount of solar collectors needed to meet
a given part of a heating load.

Within Task VII, the Subtask 1c¢ called "Heat Storage" has
the specific goal to collect and co-ordinate research and
engineering information on heat storage systems to be considered

in the design, analysis, and optimization of Central Solar Heating
Plants with Seasonal Storage (CSHPSS).

In Subtask lc three main field are covered:

1. Heat storage simulation models

2. Cost data and cost equation for heat storage concepts

3. Engineering data for heat storage concepts
The purpese of this report, covering the third item of Subtask Ic,
i.e. "Engineering information", is to gather information among
the ten participating countries about the engineering aspects
of some major concepts of heat storage considered in Task VII.

The report is organized into three parts:

1) the design, application, and major problems of each
of the heat storage systems considered (Chapter 3)

2) a short description of the activities concerning
seasonal heat storage in each participating country (Chapter 4)

3) a compilation of some basic data on heat storage projects
of interest in participating countries {Chapter 5)




The aim of the report was not to produce some kind of handbook
answering questions such as "How can I build a seasonal

storage ?". It was rather to gather the information that had
circulated among the Task participants, in order to give an overview
of the applicability, the existing experiences, and the future of
the storage concepts considered, and their technologies.

This basic approach can be seen as complementary to the work
concerning heat storage, done in Annex 1 of the IEA program
"Energy Conservation Through Energy Storage", dealing with
large scale thermal storage systems, and especially focusing on
the technical and economical evaluation of some large scale
interesting projects {(Report dated October 1981, classified

IEA restricted). :




HEAT STORAGE CONCEPTS CONSIDERED IN TASK VII

Dealing with large scale seasonal heat storage for solar heating
plants, and considering the past and present developments in this
field, the participants in Task VII decided to consider storage
systems in which:

- the sensible heat of materials only is used

- the transfer medium is a Tigquid

- the annual variations of temperature are between
10°C and 100°C approximately

Seven storage types were identified as concepts to be investigated:

1. Tank insulated and/or uninsulated
2. Pit insulated and/or uninsulated
3. Cavern insulated and/or uninsulated
4, Aguifer confined or unconfined
5. Earth disturbed or undisturbed
6. Rock undisturbed

7. Solar controlled gradient pond

As the interest in solar ponds was not widespread among participants
it was decided not to consider these.

Hence, six concepts, mainly underground storage, have been considered
in Subtask Tc.







DESIGN, APPLICABILITY, AND PROBLEMS OF EACH STORAGE CONCEPT

This chapter is devoted to a brief description of the concepts
and their applications, Timits and interests.

Each section has been prepared by a participant in Subtask 1c.
The chapter focuses essentially on the major aspects of each storage
type considered in order to present the concept and to give a short

overview of the state-of-the-art in the particular field.

3.1. Water tank storage {by F. Scholz, Federal Republic of
Germany)

3.2. Pit storage (by B. Rogers, United Kingdom)

3.3. Cavern storage (By P.0. Karlsson, Sweden)

3.4. Aquifer storage (by J.C. Hadorn, Switzerland}
3.5. Earth storage (by A.J. Wijsman, the Netherlands})

3.6. Rock storage (by P.0. Karlsson, Sweden}







3.1. Water tank storage concepts (by F. Scholz, Federal Republic of Germany)

3.1.1. Technical description

Hot water storage in steel tanks (usually by elevated pressures)
is a tried and tested technique in the construction of power
stations and in district heating systems. The requirements for
larger storage volumes also increase with increasing plant size.
Moreover, the heat extracted from steam power stations can be
provided more cheaply the Tower the temperature is. Since, on
the other hand, a flow temperature of just below 100°C is quite
sufficient in many district heating systems during most of the
year, and pressureless tanks can be specifically built

much more cheaply, the construction of large tank reservoirs -
such as are also common in the mineral oil industry - became
possible.

As a rule, tank reservoirs are operated as stratified reservoirs,
i.e. during Toading, for example, hot water is fed in at the top
of the tank and the same volume is withdrawn at the bottom. A
stable transiticnal layer is formed between the hot and colder
water, whose thickness mainly increases by thermal conduction,
approximately with the square root of time. In special cases,
particularly if several tanks are available, it can be appropriate
to do without the stratification principle and, first of all, to
additionally transfer the contents cyclically into an empty tank
while changing the load. This, however, requires an additional
storage tank.

Steel has gained widespread acceptance as a tank material. It
has considerable advantages in comparison with concrete:

- the wall thicknesses are slight (there are hardly any
problems with thermal stresses, even during rapid
temperature changes)

- steel walls are water and steamtight

- steel is only slightly corrosive with hot water in
the absence of 0o

- wall penetrations {possibly even subsequently) can
be produced without difficulty

- the tightness and integrity of the tanks can easily
and repeatedly be checked

- the thermal insulation can be conventionally and
economically mounted externally




Figure 1 shows a steel tank heat reservoir of 30'000 m3

{T.J. Hedbdck system}), such as is in operation in Uppsala
(Sweden) and Flensburg (Federal Republic of Germany). The upper
load changing device, in the form of a radial diffuser, is
mounted in such a way that it floats, so that changes of several
meters in water level can be tolerated. A cushion of steam
prevents 0, from entering. The production and maintenance of
this steam cushion causes difficulties particularly if steam is
not available, as is the case of solar plants.

Although there is ambient pressure at the water surface,
overpressures build up with increasing water depth and lead to
circumferential stresses and, thus, to wall thicknesses which
increase towards the bottom. Since above a certain wall thickness
{e.g. 40 mm) it is not permissible to weld the plates without
subsequent annealing treatment (which can hardly be carried out
at the construction site}, restrictions result, regarding
constructable volumes and influences on the structural shape.

The constructable storage height decreases with increasing
volumes. Due to the above-mentioned transitional temperature
layer, slight heights are unfavourable for utilizing the volume.

A storage size of approx. 105 m3 (100 m diameter, 13 m in height)
/1/ must therefore be regarded as a meaningful upper limit.
Investigations show, however, that even at this size it can be
appropriate to divide the total volume between several tanks /2/.
This way - with practically the same total costs - advantages
result with respect to safety, availability, flexibility of
operation, volume utilization, and possible unloading temperature.
The latter particularly in the case of long loading and unloading
times, such as occur in central solar heating stations.

A feasibility study {see Section 4.5.2.) is being carried out
in Germany at present for a steel-membrane reservoir /1/, for
which there is in principle no restriction in size.

The main advantages of large steel tank reservoirs as described
above are:

- the technology is tested and available
- erection is possible almost everywhere

- great flexibility in operation (equalization of power
fluctuations)

- no additional heat exchangers necessary (water quality)

- low heat losses

- high volume utilization at unloading temperatures which
are only slightly below the loading temperatures (heat

pumps are not necessary even in the case of long
storage times).
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Bpplicability

Up to now tank reservoirs have been exclusively used as short-
time reservoirs for the temporal uncoupling of supply and
demand in heating power stations or district heating systems.
Since the expenditure for very effective thermal insulation is
not all that great, this concept is also suitable {with siight
modifications) for the long-time storage of solar heat in
central heating stations, in order to supply small to medium-
sized housing estates (a few hundred houses or approx. 1'000
residents) completely with solar heat.

As is frequently the case with technologies that are already
more or less fully developed or tried and tested, the production
costs are admittedly higher than those expected for systems
sti11 being developed (for example aquifer reservoirs), so that
their application as seasonal reservoirs is only economically
satisfying in certain exceptional cases.

Structural and other problems

We have already peinted out restrictions with respect to
constructable volumes. In the same way we have mentioned the
difficulties of reliably maintaining the necessary cushion of
steam. In the case of large fixed-roof tanks, only gquite small
overpressures (approx. 0.01 bar) and even smaller underpressures
(0.05 bar) are permissible for reasons of strength and stability,
in spite of finned reinforcements in the roof zone. It has
therefore been suggested that in the case of very large tanks
one should change over to floating roofs, which are also used in
the mineral oil industry. A further weak point is the joining
of the very thin plane bottom plate to the thickest lower ring of
the side-wall. Intolerable thermal stresses can result here in
the case of great load changing velocities (rapid and different
temperature changes in the bottom and sidewall}.

Since these tanks can only be (economically) built above ground,
safety measures against leakages are required in various cases
(e.g. ring-shaped embankments and/or a slight lowering into the
ground), which usually means additional space reguirements and
higher costs. However, in this connection we can fall back upon
the worldwide positive experience with 0il tanks.




- 10 -

BUOYANT mm
—C bSYSTEM N
__________ ]

R
7 ____:::::::——7r>>*\\
- -~ —~ — )
- (LOWEST WATER LEVELH \NSULATION
1—
- WATER £ HOT WATER DUCT
COLD WATER DUCT
- A
ZENNTLNNG S A7/ NNVZ NN
le 42 m X
r g

Fig. 1 Steel Tank Heat Reservoir (System: Th. J. Hedbdck)
Water Volume 30 000 m3
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Pit storage concepts {by B. Rogers, United Kingdom)

Technical description

Pit stores are also called insulated or covered ponds, lakes

or reservoirs. A pit store is essentially a hollow in the ground
which is insulated and 1ined, filled with water - the thermal
storage medium - and covered. The thickness of insulation is
constrained by economics, and may be zero if the ground has
sufficient thermal resistance, especially in large stores. In the
usual design the pit is semiexcavated with the sides of the store
banked above the normal ground level using the excavated spoil.

Undisturbed

ground level

Excavation depth Depth of water

Figure 2: Semi-excavated pit storage partly insulated /77/

The optimum shape of the store depends on the price and availability
of Tand as well as on the costs of construction. Excavation costs
are least for shallow pits, while the costs of liners and thermal
insulation favour aspect ratios close to one.

A durable watertight liner is necessary to prevent water leakages
from the store, which would otherwise result in a direct loss of
heat and could also cause thermal or mechanical damage to the
thermal insulation. To protect the insulation from ground moisture
an extra layer of proofing may be necessary, with a flexible underlay
to prevent puncture during laying or subsequent earth movement.

In some cases drainage may also be advisable.

The overall Tevel of thermal insulation necessary depends on

the size of the store, which determines the surface area to volume
ratio, as well as on the desired operating temperatures. If the
ground is sufficiently dry it may be possible to do without thermal
insulation at the base of the store. Because of convective losses,
however, insulation along the sides can only be dispensed with in
very large pit stores. Whether the ground contributes usefully to
the thermal capacity of the store in these cases depends on the
heat transfer between the store and the ground.
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The cover may be made simply by floating the top insulation, or may
have a rigid construction. As a platform for a solar collector array.
a floating cover can be designed to rotate to track the sun inazimuth,
while a fixed rigid cover would allow a variety of uses to be made

of the land area occupied by the store.

Applicability

Pit stores are at present best Tlimited to a maximum temperature of
about 70-80°C because of the impaired durability of lining and thermal
insulation materials at higher temperatures. Liner and insulation
materials allowing the use of higher temperatures (> 80°C) have been |
tested in laborateries but not yet in demonstration plants. Pit storec
are best used where the economic advantages of scale can be exploited.
Pit storage is therefore best suited to large-scale space and water
heating schemes.

Some land area is required for building a pit store, but with a
suitable cover design this area can be given a second use.

The optimum geological conditions for buiiding a pit store are
easily excavated stable soil free of ground water. But rock may
also be acceptable, since the ability to build stable stores with
a less shallow aspect ratio can more than compensate for the
additional unit excavation costs.

Design and problems

For pit stores the waterproof Tiner is of paramount importance.
It must be both watertight and strong, and must retain these
properties for many years at elevated temperatures. These
technical qualities, which in themselves are attainable to the
degree necessary, must also be combined with cheapness.

Among presently available liner materials are butyl, butyl and
ethylene-propelene-diene-monomer mixtures and high density
polyethylene, all of which are recommended to have an underliner
of a material such as polyester for added strength.

InsuTation must be sufficiently rigid to support both hydrostatic
and soil loadings, and should be resistant to heat and moisture
over a lifetime of many years. Cost is also critical.

Expanded polystyrene is a relatively rigid cheap thermal insulation
material, but restricts the temperature of the store to a maximum
of 86°C. Rigid pelyurethane foam has a higher temperature limit
but is Tless cost effective. Fibre glass is the only material

which can withstand the pressures of 20 m or more of water at
temperatures up to 100°C, but is brittle and susceptible to
hydration, which destroys its material structure and substantially
reduces its thermal resistance.
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The essential elements of the cover are an effective vapour
barrier to prevent evaporative heat Toss and to protect the
jnsulation, a layer of insulation to prevent heat loss by
conduction, and a weatherproof outer skin to prevent precipitation
from leaking into the store. For large stores a floating cover

is more likely to be economic than one supported on pillars, but
considerations of ease of assembly, safety and the efficiency of
drainage all suggest a rigid pontoon type of structure. Economics
may also dictate that the cover be sufficiently strong to permit

a secondary use.

When the store is heated the moisture in the surrounding ground
will be driven away as water vapour or by convection. If the
process is maintained by a return flow of liquid water, then it is
likely to be a significant mechanism of heat loss from the store.
This is avoided by siting the store well above the ground water
table and by preventing rainwater from seeping into the ground
around the store, A layer of course sand or gravel between the
store and the ground has been suggested as a barrier against
capillarity, although its effectiveness has yet to be demonstrated
at high temperatures.

The operation of a pit store can be seriously impaired by the
presence of inorganic impurities in the water. Inorganic deposits
are particularly 1ikely when materials such as sintered clays are
used in the construction. Biological growth is encouraged both

by the presence of dissolved salts in the water and by high levels
of oxygen. The control of the amount of air dissolved in the

water is also important because of the danger of corrosion., The
result of fouling is the blocking of filters and pumps and possible
malfunction of monitoring and control instrumentation. Precautions
which are necessary in the design of the system include isolating
the elements of the system using heat exchangers, installing filters,
and preventing contact between the water and free air. A special
study of the chemistry of the store may be justified.

The effectiveness of the store depends largely on good design and
careful matching with the other elements of the heating plant.

To increase the effective range of temperatures of the store a heat
pump may be incorporated in the design. When the store temperature
fell below the demand temperature the heat pumps would be activated
with the store as heat source for the evaporators. The inlet to
the condensers could either be taken from the store or returned
directly from the heat distribution system. But since heat pumps
are expensive it may be economically preferable to either not
include them or use them with an ambient source and no storage.
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Experience

A 95 m3 pit store was built in 1975 at Machynlleth in Wales
(National Centre for Alternative Technology) to provide space
heating for an exhibition hall. The pit was semi-excavated

from compacted slate waste, and has a butyl Tiner and polystyrene
insulation, It has been operating since 1976.

The 640 m3 pit store at Studsvik (Studsvik Energiteknik AB)/3,4/
provides space heating for a two-storey (500 m2 floor area)

office block. It is semiexcavated and has a woven polyester

fabric liner with a butyl rubber coating. The insulation is

partly mineral wool and partly expanded polyurethane. The 1id is
floating, and supports the solar collector array which supplies heat
to the store. The installation has been in use since 1979, and larger
versions have been designed /54/.

In the Lambohov project in Linkdping (Swedish Council Tor Building
Research) a 10'000 m3 store designed to provide the heating
requirements of a group of 56 houses has been operating since 1980.
the store is a rock excavated pit, but with a light concrete inner
wall, Insulation is provided by concrete-bound sintered clay
granules outside the concrete wall, and fibre reinforced plastic
covered with polyester sheet inside supports the reinforced butyl
liner. The cover is formed from floating expanded polyurethane /5,28,:

A 500 m3 uninsulated pit store is tested at Lyngby (Technical
University of Denmark) to operate experimentally with a simulated
load and heat supply. A plastic liner is used, and a floating
cover of mineral wool or polystyrene /52,53/.

At Wolfsburg (Forschungsgesellschaft Wolfsburg mbH) two 10'000 m3
pit stores are being studied to supply a district heating scheme

of 45 houses. The first is being lined with concrete slabs and

high density polyethylene foil and the second with an optimal
compositionasphalt concrete. Both are to have foam glass insulation
in the cover, but only the first will have insulation on the sides
and bottom. The cover of the first will be supported on floating
bodies made of steel plate, while that of the second will be
supported by concrete pillars and beams and will be given a hard
wearing surface for use as a car park of sports ground /16,17,18,19/.

A 30'000 m3 pit store was to be built at Mannheim (Stadtwerke
Mannheim Aktiengesellschaft) to meet the peak load of a large
district heating scheme. The project was planned as a pilot

study for schemes of up to 1'000'000 m3, but problems of ground
water drainage, the need for massive supporting earth banks, and
the difficulties of finding sufficiently robust insulation and
waterproofing materials all suggested that pit stores where
impracticable on the larger scale, and the plans for the Mannheim
project were cancelled in favour of a tank construction /20,21,22/.
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Cavern storage concepts (by P.0. Karlsson, Sweden)

Technical description

Rock caverns can be used for heat storage according to two
main concepts:

- unlined, open rock cavern
- blockfilled rock cavern

Both systems can be constructed in hard rock and can be used for
heat storage at high temperatures. A rock cavern can be
pressurized comparatively easily which makes possible storage at
temperatures over 100°C. This increases the "energy density"

of the storage and the storage principles allow rapid inputs

and outputs, increasing the versatility of the system,

In an unlined cavern water is the only storage material which
means that a higher heat capacity per volume will be reached than
in a blockfilled cavern, However, in both cases the surrounding
rock will contribute to the heat storage capacity.

Lined caverns cannot normally be considered due to high construction
costs.

The construction of anunlinedrock cavern is in principle similar
to the construction of a rock cavern for oil storage. The
technology is already well-known and the optimal volumes will also
be of the same size, about 100'000 m3 for seasonal storage. The
steady state heat Tosses will then be about 10-15%.

The concept can be exemplified by the storage plants in Avesta
(completed in 1982) /25,26/, and Lyckebo (completed in 1983} /27/.

The Avesta storage (Figure 3) is connected to the municipal
district heating system and will be loaded and unloaded in weekly
cycles with surplus heat from a refuse disposal plant. The cavern
has a volume of about 15'000 m3 and its roof is situated 25 m below
the rock surface. The cavern will be top-filled with water and

put under pressure (115°C). The maximum thermal output will be

11 MW, Timited only by pumps, heat exchangers, etc. Operation
temperature: 115/70°C.
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Figure 3: Three-dimensional sketch of the Avesta demonstration plant
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Figure 4: Three-dimensional sketch of the Lyckebo heat storage plant




- 17 -

Model tests have been carried out for the design of the equipments
for input and output of water in the cavern. An unsymmetrical
placing in one end of the cavern has been chosen for this equipment
in order to minimize the length of pipes inside the caverns.

The Avesta storage plant is a research project. The volume of
the cavern may be of a suitable size for short-time storage but
is far too small to be optimal for seasonal storage. However,
during the first part of the research period seasonal storage will
be simulated.

The Lyckebo storage (Figure 4) is constructed for seasonal
storage with a cavern volume of 100'000 m3.

An underground machine room in the upper transport tunnel contains
heat exchangers, circulation pumps, control eguipment, etc.

During injection the cavern will be top-filled with heated water
by pumping cold water from the bottom through the heat exchanger.
The heat front will then be moved downwards. Extraction will be
done in the opposite way.

Movable inlet and outlet arrangements permit injection in and extraction
from water layers with optimal temperatures.

Blockfilled rock cavern

The construction of a blockfilled rock cavern (Figure 5) can

be done as follows: Holes are drilled from three parallel
tunnels which will define the location of the storage roof (see
Figure 6) /55/. Blasted rock is loaded from below and hauled in
a transportation tunnel. From this tunnel an advance front is
driven by blasting in holes, which are drilled upwards from the
tunnel roof (fan drilling). After each round of blasting of the
high bench rock is excavated only to keep the bench free from
rock i1l for the next stoping. Thus, unmucked rock will finally
i1l most of the cavity.

By injecting hot water at the blockfilled cavern roof and
simultaneously pumping cold water at the bottom, a thermal storage
is created. A thermal front will then move downwards in the cavern.
Compared to the case without rockfill, the thermal front will be
wider due to the presence of rock blocks. The arrival of the thermal
front to the bottom of the cavern determines the effective thermal
storage volume.
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When discharging heat, the pumping is reversed. The pipes for
hot and cold water are located in special pipe tunnels and
connected to a heat exchanger at the surface by a shaft. All
distribution pipes inside the cavern are constructed to avoid
damages from falling rock.

The mechanical support of the rock walls from the remaining

rock fi1l makes it possible to construct very large storage rooms.
Typical spans would be of the order of 20-30 m and height 90-100 m.
The construction costs as compared to conventional rock cavern
design may be kept low for large storage volumes (a few million
cubic meters corresponding to tens of thousands of dwellings).
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Figure 5: Layout of blockfilled rock caverns for seasonal storage
of hot water
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Applicability

Storage in caverns is possible in crystalline rock and probably
in many other types of rock. A blockfilled cavern has lower
demands on the stability of the rock mass in comparison with an
unlined open cavern.

Since it is possible to construct large volumes at low costs,
cavern storage would be predominantly applicable for seasonal
storage. However, short-time storage is also possible because of
easy extraction and injection.

Heat can be stored at higher temperatures than 100°C. Hence, most

heat sources can be effectively used and the storage can be
directly connected to heat distribution systems.

Design and problems

When designing a cavern storage the geological and hydrogeological
conditions must be well known. The cavern must be located below
the natural ground water table, so that the hydrostatic pressure
will prevent leakage of hot water out into the bedrock. The
construction problems are similar as for other underground
constructions. From a rock-mechanical point of view most types

of rock in Scandinavia are suitable for the construction of caverns.
However, temperature stresses and chemical precipitations have to
be carefully considered.

High water temperatures can cause the dissolving of a significant
amount of mineral substances in the rock. These substances can
be deposited in the system and could accelerate corrosion /57/.

The stability of the thermal layer in the storage water must be
considered especially in the blockfilled cavern where the thermal
dispersion according to the blocks will mix warm and cold water.
Another problem is the transfer of heat between the cavern walls
and the hot or cold water.

Environmental disturbances are likely to be of no or minor
significance, provided the ground water flow is small.
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Experience

Unlined rock caverns have been used in many countries for the storage
of heated oil. The operations experience indicates good possibilities
of using caverns for heat storage. Volumes range from 53'000 m3 up

to 2-3 millions m3.

An experimental storage plant with a water storage volume of 15'000
m3 has been constructed at Avesta, Sweden. A comprehensive test and
evaluation programme has recently been started and will continue up
to 1985,

The Lyckebo storage (100'000 m3) will also provide much useful experien
This means that by 1985 it will be possible to evaluate the unlined
rock cavern concept satisfactorily.

No blockfilled cavern for heat storage has been constructed yet.
However, the special working technique is well established in undergrou
mining.
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Aquifer storage concepts {by J.C. Hadorn, Switzerland)

Technical description

Saturated porous media have thermal conductivities in the range of 1 to
3 W/mK, and heat capacities approximately half that of water.

The basic philosophy of aquifer storage is to store energy, using
the sensible heat of both the water filling the porous medium and
the porous medium itself, in rather quiet and deep aquifers, in
order to minimize heat Tosses.

One of the great advantages of the aquifer storage is that the
water is also the transfer medium. Thus, the thermal disturbance
can be more simply controlled and large peak loads can be injected
or withdrawn compared with other underground systems.

Different concepts are possible for using an aquifer (free or
confined) for heat storage {Figures 7 and 8). They mostly
differ from the geometries chosen for the wells.

The choice of a system depends on numerous parameters, among which
can be menticned:

the temperature level in the accumulator

- the horizontal and vertical permeability
of the porous media

- the ground water lTevel and natural outflow rate

- the peak loads rate

- the aquifer dimensions and shape

- the control strategy and the storage duration

- the chemical effects and ecological risks

- the drilling costs
At present, the "good" choice in a given case cannot precisely
be done, a number of indeterminations - especially concerning
the real thermal behavior and the chemical effects - still

having to be removed.

As an alternative, one can "re-build" an aquifer (the man-made
aquifer concept), in which most of the parameters become known /31/.

For the moment, it is difficult to envisage the control of a
thermal disturbance in media having heterogenous permeabilities
such as fissured rock.
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THERMAL ENERGY STORAGE IN CONFINED AQUIFERS

PROPOSED GEOMETRIES FOR INJECTION AND PUMPING WELLS
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Applicability

Aquifer storage is obviously possible in areas where suitable aquifers
can be found and where aquifers are not used for drinking water supply.

The concept of aquifer storage is predominantly applicable in seasonal
storage (cogeneration, waste and solar heat) in regions in which the
winter heating demand exceeds the available heat source. In regiocns
where air-conditioning is also necessary, the combination of hot and
cold storage seems interesting and will be experimented, for instance
in Scarborough /58/.

Three different working temperature ranges can be distinguished for
aquifer storage systems:

a) very low temperature storage {5 to 20°C): energy is extracted
from the aquifer by heat pumps during winter. The aquifer
is thus colder than its natural temperature by about 5°C.
In summer cheap solar coliectors or ambiant air heat exchangﬁ
contribute to recharge the aquifer up to its natural temperat
or somewhat higher (about 5°C higher). This type of aquifer
managing permits to maintain constant the temperature at
the producing wells, even when the distance between injection
and production wells in a doublet system is small (suitable
for dense urban areas}. It also reduces the local temperature
drop in the aguifer and avoids chemical problems /69/. The
economic competitiveness of this system seems to be proved
in some cases /59/

b) medium temperature storage (40 to 90°C}: the use of performan
solar collectors or waste heat at about 100°C is necessary
in this case. The need for heat pumps can be avoided provided
that a low temperature district heating network can be designe
and that the extraction temperature at the end of the heating
season is still higher than the feed temperature required
by the network /35,66/

c) high temperature storage (150 - 200°C): 1in general, confined
aquifers can reach such temperatures but certainly with a
lot of chemical problems. Furthermore, the heat source would
not be solar in the present state-of-art, but rather incinerat
plants or cogeneration plants /64/.
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Design and problems

Before any design, the prevaling local geological conditions must
be very well known.

Systems with horizontal water movement (single well, doublet...) can

be considered in case of horizontal intrinsec permeability between

about 10-10 m2, and 10-13 m2; above 10-10 m2, the tilting of the thermal
front, due to buoyancy effects will be too important /60/. Below

10-13 m2, the necessary hydraulic pressure will be too high, inducing
high pumping costs.

For systems with vertical water movement (central well with radiant
drains), it is difficult to give a range of suitable vertical
permeabilities. It depends more on the whole system in which the
storage will be incorporated, on the thickness of the aquifer, and
on the duration of storage.

The basic problem in aquifer storageis the control of the thermal
front, in order to avoid mixing of cold and hot water in the production
well and high heat losses through the caprock.

Horizontal water movement systems with high charging temperature are
obviously much more dependent on these buoyancy effects.

Another difficulty is linked to the maximum allowable velocity of
water entering the wells during the production periods: 1in case of
a single production well with limited inlet area, this can reduce
the peak power rate and involve the use of a buffer storage between
the storage and the distribution.

Clogging effects can also occur in the wells and in the heat exchangers
and appear to be one of the technical issues not yet solved /35/.

Experience

One of the first known field experiments was carried out in 1974

in Switzerland (Neuchadtel) in a phreatic aquifer. Other experiments
have been carried out in Germany {Experimental Area, Hiilser Bruch},
in France (Campuget, by Ecole des Mines, and Bonnaud, by the BRGM},
in the United States (Auburn, by Auburn University), and in Japan
(Yamagata Basin), and aquifers for cooling are used in Canada.

Chilled water storages in aquifers seem to be operational in the
Republic of China since 1965.

None of the experiments done at present concern seasonal storage.
They were all used to develop, test and validate mathematical models.

Several large scale experiments are in a design phase or in operation
since 1982, and are to be considered as demonstration plants (SPEOS

in Switzerland /35/, Horsholm in Denmark /66/, St Paul in the USA /63/,
Paris in France /68/).
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Earth storage concepts {(by A.J. Wijsman, the Netherlands)

Technical description

In principle, an earth storage consists of a layer of subsoil
with a heat exchanger in it. At the top and in some cases all
around there is an insulation layer.

The storage of heat takes place in sensible form.

The heat capacity of the soil depends on the type of soil: dry
soil has a heat capacity of 0.3 x water, whereas water saturated
spil reaches 0.7 x water.

Different concepts for earth storage are possible. Various heat
exchanger types can be used {see Figure 9) and the degree of
insulation might be different depending on site specific situations
and/or applications.

For large storage concepts, only insulation at the top is necessary.
Around, the soil itself acts as insulation. For smaller storage
concepts, insulation of the sidewalls or all around is necessary.

In the latter case it becomes necessary to excavate the soil to place
the insulation material.

In most cases, the heat exchanger is formed by tubes: both vertically
and horizontally placed. The advantage of vertical tubes is that
they can be inserted from the top, which means without excavation of
the soil. For placing horizontal tubes excavation is necessary.

Containment: 1in water saturated soil with a high permeability,
ground water movement and free convection of ground water (because
of heating of the soil) can cause large extra heat Tosses. A
vertical screen at the edge of the reservoir can limit these Tosses.

The choice of a system depends onvariocus parameters:

the soil properties: thermal and mechanical

the ground water level and ground water movement

- the size of the storage reservoir

- the temperature level in the storage reservoir

- the temperature swing in the storage reservoir during a year
- the peak loads during charging and discharging

- the costs of a storage concept

- the chemical effect and ecological risks

- etc.

If the above-mentioned parameters are known, a first choice of
storage can be made.
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Applicability

Earth storage is possible in areas where suitable soil can be found
because of heat capacity, which means preferably in areas with wet
soil, that is in areas with a high ground water level.

Furthermore, the earth storage should be near the heat supplier
(solar collectors, waste heat} and near the heat consumer {(houses,
buldings, greenhouses}.

The applicability can be limited by the temperature level: at present
there is no experience with the behaviour of soil at temperatures

In systems with heat pumps, the maximum temperature level is often
no constraint.

Design and problems

Before any design is made, the prevailing local geological conditions
must be very well known.

At a required total heat capacity the volume of the heat storage
reservoir depends on the specific heat capacity.

For a required heat exchange rate thesize of the heat exchanger

{in m2 or tube length) depends on the thermal conductivity of the
soil. The method of insertion of the heat exchanger tubes depends on
the type of soil: by vibration, by water injection and vibration,
etc. A soil with stones in it can cause big problems. Strong

layers at a certain depth can have influence on the final shape of
the reservoir.

In non-saturated soil drying out of the scil around the heat exchanger
can take place, which causes a decrease in heat exchange rate.

The interconnection of the heat exchanger tubes at the top can be
problematic, The total flow resistance must be reasonable and
de-airing of the system must be possible.

With plastic tubes oxygen penetration from the ground water through
the tube wall into the transfer fluid can occur, which can lead to
corrosion problems. A separation of the soil circuit and the distribu
network by a stainless steel heat exchanger can solve this problem.

At the design of the heat exchanger it can be important to improve
and to use temperature stratification in the heat storage reservoir.

The degradation of materials used in the soil can be a problem.
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Experience

Since 1979 field experiments on scale {several hundred m3)} have
been done in Lausanne, Switzerland (Sorane SA} /42/ in Grenoble.
France (Institut de Mécanique), and in Eindhoven, The Netherlands
(Philips).

The Sunclay project at Kungsbacka near Gdteborg, Sweden,

is the first experiment on real scale. The reservoir contains
80'000 m3 of clay and operates between 12 and 20°C. The reservoir
is coupled to a heat pump system. The project was built during
the summer of 1980 and tested during 1981 and 1982 /45/.

At present (1983), in the Netherlands, two large scale experiments
are carried out. Both projects (Groningen, 23'000 m3, and
Almere, 2'500 m3) have been constructed. The experiments on the
Groningen reservoir started in February 1983 /38,39,40,41/.

In Switzerland (Vaulruz), an earth storage of 3'500 m3 is
in operation since March 1983 /43,44/.
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Figure 9: Different concepts of earth heat storage
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Rock storage concepts (by P.0. Karlsson, Sweden)

Technical description

A multiple well system in rock may be used for seasonal storage
of thermal energy. The system function is based on the heat
conductivity and storage capacity properties of the rock.

The heat is transferred to or from the rock by means of water
circulated through a Targe number of boreholes cr wells. The
boreholes normally do not need casing.

The heat storage capacity of rock material such as gneiss and
granite is about half the heat capacity of water. Hence, a
multiple well heat storage system must have a volume twice as large
as a water cavern with similar storage capacity /51/.
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Figure 10: Multiple-well heat storage - Principal sketch

The heat carrying fluid, normally water, can be circulated through
the wells in open or closed circulation systems {see Figure 11).

In a closed circuit system, the fluid is circulated through
U-shaped tubes inserted into the wells. Ground water transfers the
heat to and from the tube and the rock. The circulation fluid has
no direct contact with the rock. Therefore, even if the storage
system is constructed in a fissured rock, no loss of water will
occur, nor will there be any problem of chemical precipitation in
tubes or heat exchangers.
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In an open circuit system, the fluid is conducted through a tube
to the bottom of the well where it is released in direct contact

with the rock.

To Timit heat and water losses, a multiple well

heat storage system utilizing an open circulating system requires
rock with a relatively low permeability.
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Storage temperatures above +100°C can be used, provided the
active part of the storage is at a sufficient depth under the

ground surface {Figure 12).
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Applicability

The multiple well heat storage is applicable in many kinds of
hard rock as granite and gneiss and can be easily located in
places with a relatively thin covering soil layer. It can be
constructed at comparatively lTow costs and with well-known
technology /49/.

The storage system can be used for temperatures from 10°C up to
above 100°C in some cases. This allows storage from different kinds
of heat sources as waste heat and solar heat. The storage concept
is primarily applicable for seasonal storage.

In some areas with a very thick soil layer above the bedrock,
or in dense utilized areas, it wouid be possible to construct
a tunnel system in the bedrock and drill the boreholes downwards,
and create a multiple well heat storage system under the tunnels.

Design and problems

Before any design, the hydrogeological conditions must be
determined clearfully. The natural or superimposed ground water
flow may have a significant influence on the thermal behaviour

and efficiency of a multiple well heat storage system. The ground
water flow depends on the permeability of the rock and the
hydraulic gradient.

A closed circulation system can be used even in fissured rock
provided the hydraulic gradient is sufficiently low.

An open circulation system implies a superimposed hydraulic gradient
because of the operation pressure. Hence, an open circulation
system must always - if grouting, etc. are to be avoided - be placed
in non or less fissured rock.

Different strategies can be applied for the charging and discharging
operations. all parts of the storage volume can be charged or
discharged at the same time, i.e. all the wells are throughflowed

by similar flow at the same temperature level. A more efficient
strateqy implies that the storage is charged beginning in the centre
and then outwards in a radial direction. Discharging will then be
done by a reversed operation.

Different temperature zones can be formed within the storage by
connecting the boreholes by groups (Figure 13).

To allow muitiple-well designs to provide higher power outputs, the
rock storage can be combined with a "buffer-tank”, for instance water-
filled tunnels wused for daily storage /50/.
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Experience

A pilot test involving storage at low temperature (35°C) has

been carried out at Sigtuna, Sweden. The system is a closed
circulation system. The experiences during the years of operation have
shown a good coincidence with theoretical calculations. Initially,

some practical and technical problems occurred, which, however, were
rapidly solved. The tests will continue.

A muitiple well storage downscaled 1:4 has been constructed in

Luled in the north of Sweden. The storage has 19 wells 19 m deep,
with an open circulation system. Five years of seasonal heat injection
and extraction have been simulated. The evaluation of continuous
temperature measurements, within as well as outside the storage,

shows that the storage operates in good accordance to the mathematical
models worked out by Johan Claesson et al., University of Lund.

Another larger multiple well system comprising 120 wells, 65 m

deep, has been built in Lule§. Operations will start during the
summer 1983, and will be evaluated by the University of Luled during
a period of three years /47,48/.

Full-scale field tests, mainly concerning heat transfer from fluid
to the surrounding rock, are currently carried out at Alvkarleby
Hydraulica Laboratory and at Studsvik.
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Figure 13: Temperature zones in a cylindrical multiple-well
storage - Principal sketch
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SURVEY OF THE SEASONAL HEAT STORAGE WORK IN THE PARTICIPATING COUNTRIES

This chapter is devoted to a general overview of the activities
concerning seasonal heat storage in the Task VII participating
countries.

Fach section has been prepared by the Subtask lc participants, and
reflects the status in each country at the beginning of 1983.

The information given in this chapter does not represent an official
position in any case but only the personnal views of the Subtask Tc
participants.

The authors were asked to restrict themselves as much as possible
by discussing only the activities related to seasonal storage.
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Austria (by M. Bruck and A. Sigmund)

Pilot projects in ground-coupled systems

Within the framework of the "Austrian Measurement Network for the
Utilization of Solar Energy", which is financed by the Austrian Federal
Ministry for Science and Research, and co-ordinated by the Austrian
Solar and Space Agency, several ground-coupled heat pump systems have
been investigated /70/,

Obdach

Within the framework of the "Solar House Obdach" praject, a
system consisting of a ground heat exchanger, a Tow-temperature
collector, a water-glycol/water heat pump, and a low-temperature
heating system, was examined with regard to its suitability

as only heat source of a house. With the design chosen (1 m2
ground collector area and 0.3 m2 low-temperature collector

area per 80 W load), a seasonal performance factor of 2.83
could be obtained. About 40 percent of the low-temperature
heat supplied to the heat pump were delivered directly or in-
directly (by means of short-term storage in the ground} by

the low-temperature collector, whereas about 60 percent came
from the "natural® sources of energy of the ground (air heat,
radiation, precipitation, ground water and sTope water). The
results obtained are used to verify and improve a computer
model design program for ground collectors and ground-coupled
storage systems which should help to optimize the design of
solar plants, particularly under difficult cenditions /71/.

Bludenz
The Solar House Bludenz was constructed from 1977 to 1978.
One large and one small appartment were built on 200 m2 living
area. The heating system is composed of:
- an absorber
- a ground-coupled storage on two planes

- & heat pump

The heat load of the building is 9 kW, the annual heat demand
was calculated to be 72'000 MJ (20'000 kWh).

The heat pump removes heat from the non-insulated ground-
coupled storage by means of a circulating medium (water-glycol).
As soon as the temperature in the asphalt absorber becomes
higher than that in the ground-coupled storage, the motor valve
switches to the water-glycol cycle of the asphalt absorber.
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Rankweil

Based on experience gained at the Solar House Bludenz, Vor-
arlberg, a ground-coupled heat pump system was designed for
a housing estate at Rankweil and finished by the end of 1982.

A ground-coupled heat pump system supplies the load of 69
apartments in eight smaller and six larger houses. In addition,
a Total Energy System (TOTEM) consisting of five units and
with an electrical output of 15 kW each is used.

The heat demand of the larger (multi-storey) houses is covered
by two heat pumps with a connected l1oad value of 30 kW each,
for the operation of which electricity is supplied by the
block power plant, and who retrieve heat from the ground.

Two planes of plastic pipe (about 20'000 m), each plane coverin
an area of 6'000 m2, are buried in the ground at a depth of
1.5 and 2.5 m, respectively. 1In order to regenerate the deeper
plane {(below about 1.8 m), the domestic reject heat from bath-
room, kitchen and toilet is led through PVC-pipes of suitable
dimensions to the ground.

By recovering heat from the exhaust air from bathroom and

toilet, additional heat is supplied to the heating system via
an air-water heat pump.

Seasonal storage - Project Kranebitten

The planning of military barracksconstruction in Innsbruck-Kranebitten
offered the useful opportunity to use an existing gravel pit for the
erection of a seasonal storage.

Preliminary investigations and plannings are finished, The earth
storage has been built, the building of the barracks is nearly finished
The active storage volume of 70'000 m3 will have an energy turnover
of about 1'000 MWh per year. Two thirds of the energy requirement
of the plant will be covered by ambient energy.

The pilot plant in Innsbruck-Kranebitten is expected to be finished
in October 1985. Measurings of the various states of the object will
be evaluated by the Austrian Institute for Building Research and will
be used in future plannings. Future activities most probably will
depend upon the resuits of these evaluations /72/,
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Canada (by E.L. Morofsky)

Introduction

Seasonal energy storage activity in Canada began in the 1970's
in two areas - storage of winter ambient temperatures as latent
energy of ice and tank storage of solar heated water. The tank
storage work was stimulated by proposed solar designs providing
a large proportion of building space heating needs. Analytical
numerical models of sensible heat storage have been developed at
the University of Toronto as well as simplified design methods
based on them (University of Toronto, 1980 and 1982). A single

- family residence and a thirty-unit building have been constructed

with solar energy stored for winter use in tanks. Long-term latent
energy storage of winter ambient air temperature for use of summer
building cooling was initiated by Public Works Canada {PWC).

The first field experiment was conducted in 1979 and recent field
trials performed under contract to PWC have perfected an automated

ice formation and energy extraction method (Morofsky, 1982). A
full-scale building cooling application is presently under design

with implementation planned for the winter of 1983-1984. A specialized
geothermal model originally developed for permafrost related construction
problems has been used to simulate the performance of several latent
energy storage schemes, including the use of stored street snow to
supply cooling (Merrifield, 1981). The overall potential of applying
natural cooling techniques in Canada has been assessed based on a cost
comparison to conventional cooling practices. Latent energy storage
in the form of ice and cold water storage in aquifers was judged to

be competitive in a range of applications (Bahadori and Hollands,
1982). The evaluation of aquifer thermal energy storage was begun

in 1979 (Energy, Mines and Resources, 1979}. A study of the technical
and economic feasibility of aquifer-based cooling led to the
investigation of the Atmospheric Environment Service building in
Toronto as a possible site for a field trial of direct cooling using
stored winter chilled water. The building and land are owned by PWC.
Pumping tests, water analysis, modelling, and heated water injection
tests have been conducted. A final design involving three well
doublets has resulted. The Scarborough Government of Canada Building
was undergoing final design when the presence of a suitable aquifer
was found at the site. Modifications to the cooling fower and
controls for winter chilling were included, as well as the piping
necessary to store building waste heat or excess solar energy /56, 58/.
The aquifer will be used as a heat source/sink for the building heat
pumps. Construction at the Scarborough site is scheduled to begin
early in 1983, while funding for the AES demonstration is presently
being sought. An earth in-situ storage experiment has been underway
at the National Research Council since 1977. 1t involves laboratory,
modelling and field work. Of the storage types under consideration -
tanks, aquifer, earth, mined cavern, undisturbed rock, salt gradient
ponds, and pits - only pits and undisturbed rock are not represented
by any significant Canadian research or projects.
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4.2 .2. Thsulated tank

Two in-ground seasonal energy tank storage demonstration projects
are presently being monitored. The Provident House in King City,
Ontario, involves seasonal hot water storage for a single house /9,10/.
The Aylmer, Ontario Senior Citizen's Home is an annual storage solar
system intended to supply 100 percent of space heating needs and 85
percent of domestic hot water heating (University of Toronto, 1980} .
The project involved 220 square metres of collector area, 886 cubic
metres of storage volume, and tank insulation of polyurethane foam
(R9 m2-°CW). The building to be supplied has a gross floor area of
1'800 square metres. The thermal storage tank is an insulated
concrete shell with a structural steel roof designed to store water
at temperatures as high as 90°C. Storage efficiency is expected to
be about 70 percent. Installed price for the storage was about

$ 110'000. A small leak due to improper application of the urethane
waterproofing interrupted charging of the storage. It has since
been repaired and is operational /6,7/.

4.2.3. Aquifer storage

Typical ground water temperatures in Canada are within several
degrees Celsius of those required by building cooling systems.
Direct cooling at the natural temperature is the most economical
and this is widely practiced in Winnipeg, Manitoba. As the water
is not reinjected, well interference has resulted and a gradual
warming of the aquifer has been noted. A study of aquifer-based
cooling in 1979 indicated that it might be cost competitive on new
buildings, although certain technical questions would only be
answered by an actual implementation. The AES building in Downsview,
Ontario, was chosen as a site because of its large size (30'000
sqguare metres), large land area available for field work, and high
probability of finding a suitable aquifer. Extensive field work was
undertaken during 1981-1982 including pumping tests, water quality
analysis, geothechnical examination, heated water injection, and
surveying. Evaluation of the data, including modelling alternative
well configurations, has led to a final design of a three well
doublet system to provide the cooling of the building (Public Works
Canada, 1981 and 1982). A seasonal energy storage field trial
facility will be associated with the Scarborough Town Centre
Government of Canada Building scheduled for occupancy in 1985 /68/
(Morofsky, 1982). This major centre of federal general purpose
accomodation will be provided heating and cooling primarily by
electrically driven centrifugal refrigeration machines operating on
a heat pump cycle. A confined, artesian aquifer will be able to
store winter chill, reject heat from the chillers, or excess solar
energy. The aquifer may also serve as a constant temperature heat
sink for the heat pumps if stored energy has been exhausted.
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Geotechnical sampling, pumping tests, water quality testing and
aquifer modelling have been accomplished. Project objectives are

1) to assess the practicality of implementing cost effective aquifer
energy storage within the constraints of modern building design and
construction, and 2} to evaluate the effectiveness of various
operational strategies in maximizing the energy saving.

In-ground heat storage

The National Research Council of Canada is conducting field tests
at its in-ground heat storage test facility (Svec and Plamer,
1980 and 1981}. The project began in 1977 and involved both
laboratory and numerical modelling. Four storage types are being
tested:

a) a fully-insulated, rigid plastic tank filled with water
b) type a) filled with gravel
c) a flexible PVC lined tank filled with gravel, and

d) a nested, circular array of smaller diameter gravel-filled
PYC pipes.

Type a) provides bench mark data. Laboratory tests indicated that
the gravel in types b), ¢}, and d) enhances stratification and

does not inhibit convection. Types c) and d) have only surface
insulation. The test facility is located in a Leda clay subsoil
which is very sensitive to disturbance. The holes were augered with
a standard caisson drilling machine. Water storage temperature is
Tess than 120°C. The experimental time between charge and discharge
is not seasonal as yet.

Analytical design aids

Analytical numerical models for heat transfer analysis of in-ground
and above-ground storage tanks have been developed at the University
of Toronto and have led to simplified design methods to determine
optimal tank insulation and other system parameters {University of
Toronto, 1982).

The EBA Geothermal Model was developed to predict the thermal
response of the soil to changes in the thermal environment resulting
from pipeline operations, heated or refrigerated structures, and
alteration of ground surface properties (EBA Engineering Consultants,
1979). Unique properties of the program include:
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- a thermal conduction cade with finite element formulation
of the transient heat conduction mechanism during freezing
and thawing in the ground, in which latent heat is considered
as a heat source in the energy balance equation

- a convection code which considers the heat exchange mechanism
at the ground surface with respect to meteorological data.

The model was used for the cooling system design for high temperature
storage tanks (175°C) at the Syncrude Tarsands Plant. Public Works
Canada routinely uses the program for simulating highway designs in
permafrost areas.

Mined cavern storage

Mined cavern storage of residual o1l at 60°- 82°C is to be used at

the Wesleyville, Ontario generating station of Ontario Hydro. This
was the first such construction in North America. It involves tunnels
10 metres wide and 16 metres high excavated in limestone bedrock about
60 metres below the surface. The tunnels will not be lined. The oil
will be in direct contact with the limestone walls. The caverns will
be below the water table, thus the natural hydrostatic pressure will
prevent the oil from leaking into the bedrock. The original plans
involved three caverns each of 1.6 million barrels capacity. The
proposed number of cavers has now been reduced to two of one million
barrels individual capacity. The facilities are presently 25 percent
completed. The total estimated cost was $ 41 million in 1978. The
project has now been delayed due to decreased demand for electricity.




4.3. Commission of the European Communities (EC)
Joint Research Centre, Ispra Establishment (by D. Van Hattem)

4.3.1. Historical

The activities in the field of the long-term storage of sensible
heat started in Ispra in 1977. A small building {160 m2} with

a heat storage of 50 m3 of water, solar collectors, and a heat
pump was operated and monitored for several years.

The system was used to study the interaction of solar collectors,
a large storage and a heat pump. Different system configurations
and operating strategies have been tested.

A modelling study for a group of 50 houses has been carried out.

Both water filled vessels and undisturbed ground were considered
as heat storage medium.

4.3.2. j}qrent activities

Since 1981 two pilot projects are undertaken in Ispra. One

consists of a 2'000 m3 storage of undisturbed earth, the other

is a 375 m3 buried concrete vessel filled with water. DBoth systems
are only insulated at the top and operate at low temperatures
(5-55°C). The water storage is heated artificially and the ground
storage is heated with 200 m2 flat plate collectors. The house load
is simulated in both cases.

4.3,3. Other EC activities

In the framework of its Energy R & D program on costs-sharing-basis,
the EC has cofunded many projects for the seasonal storage of heat,
throughout Europe, since 1975. The current program includes projects
with undisturbed earth storage, earth-pit, buried water tank, solar
pond and confined aquifer storage.
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Denmark {by K.K. Hansen)

Historical

In the Zero Energy House Project a solar-heated store of 30 m3 was
constructed in 1973-197% at the Technical University of Denmark.
This first project has given a considerable experience in many ways
and during the Tast ten years a lot of smaller projects like this
have been studied.

Current activities

Two short-time reservoirs made of steel are connected in thermo-
electric power plants. The sizes of the tanks are 12'000 m3 in
Odense and 30'000 m3 in Herning with a maximum loading temperature
of 90°C.

Work on aguifer storage has continued since 1978 and a large scale

experiment is in operation in Hdgrsholm. The size is 75'000 m3 with
a capacity of 8.5 Tera-dJoule /66/.

Future investigation

In the summer of 1982 a small test-pit of 500 m3 was built at

the Technical University of Denmark. The pit has a floating

1id of insulation material and the store/soil interface is
uninsulated. This low-priced construction favours storage for solar
energy, waste heat and even for heat from power plants /52, 53/.
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Federal Republic of Germany (by F. Scholz)

Review

Several comprehensive studies were carried out on the topic of
energy storage in the Federal Republic of Germany after the first
oil price shock. Parallelly to this, short-time reservoirs made

of steel with low to medium overpressures (0.5-25 bar) were erected
in thermo-electric power stations in order to use the energetically
favourable generating plans for as Tong and as optimally as possible
both for the generation of electricity and also heat. The sizes of
the individual tanks ranged from several 100 m3 to several 1'00 m3,
the maximum loading temperatures were between 110°C and 180°C.

The major aim of the studies mentioned was to indicate new structural
paths which could lead to the construction of very large low-cost

heat reservoirs. Two suggestions seemed to be promising for conditions
in Germany: _

- artificial storage Takes and
- near-surface aquifer reservoirs

In the course of the more detailed planning work, which was
accompannied by thorough theoretical and experimental studies

(e.g. long-time behaviour of materials under the application conditions
envisaged or the thermodynamics of the development of transitional
layers between the warm and cold reservoir contents), it became
apparent that the initial hopes placed in these systems could not be
realized, or only with considerable technological and thus financial
expenditure, Within the framework of international agreements the
developmental priority was finally placed upon the storage lake
concept. An aquifer concept adapted to German conditions was indeed
developed by Messerschmidt-BGlkow-Blohm with financial support from
the Federal Government. This was conceived as a long-time reservoir.
This concept mainly differs from most foreign concepts by three
items:

1. The upper layer of soil is first removed from the planned
area and a horizontal system of drainage pipes is laid.
Various insulating and sealing layers are applied on top
of this and the soil layer is replaced. (By this means
heat loss upwards is considerably reduced and it is
perhaps possible to use the area for horticultural or
traffic purposes.)

2. Horizontal wells in the bottom layers of the agquifer form
the lower water exchange system. (The flow through the
aquifer thus takes place in a vertical direction; buoyancy
effects stabilize the thermal stratification.)
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3. Watertight slit-walls are driven around the storage area
down to the impermeable underlying strata. {In this way
ground water flows within the aquifer and the concomitant
heat losses are largely avoided or reduced.)

In a Tater project with the financial participation of the

European Economic Community, the concept of an artificial aquifer
reserveir was developed. The underlying concept of this is based

on the storage lake. The natural storage material (gravel} is dug
out and both the fine grain and the extremely coarse grain fractions
are separated out. The bottom and the side surfaces can then be
sealed off by a bentonite layer before the sieved gravel and the
horizontal drainage pipe systems are put in place. The surface is
prepared in the same way as the natural aguifer reservoir. In the
same way, slit-walls are once again driven down around the artificial
storage area in order to avoid contamination of the ground water in
the adjacent natural aquifer {as a result of possible leakages in
the bentonite layer). Thermal insulation towards the ground can be
in principle also positioned. '

This type of artificial aquifer reservoir is admittedly more expensive
than a natural one. However, it displays very great and homogenous |
permeability, so that it can also be used to cover peak loads and as |
a short-time reservoir. Its environmental compatibility in densely '
populated areas has been assessed very favourably.

In chronological order there have been and are various developmental
projects in the field of storage lakes: at the Jiilich Nuclear
Research Centre, the Mannheim municipal utilities, and in Wolfsburg.
An overall solution from which we could expect a satisfying result
from both a technological and economical point of view (also taking
into consideration the reduction in costs in the case of very large
plants) has not been discovered up to now. For this reason, the
suggested prototype installations (between 10'000 and 30'00 m3)

have not yet been constructed. We have been able to gather a large
number of very useful detailed resuits. In addition to insights into
the behaviour of sealing and thermal insulation materials, it has
been proved both by model calculations and in experiments that the
stratification is stable even in very large reservoirs and lends
itself to computation.

Current activities

While the planning work has been abandonned in Jiilich and Mannheim,
we are still waiting for its conclusion in Wolfsburg. In particular,
there are at the moment still no reliable cost specifications for
two differently constructed experimental basins of 10'000 m3 each.
One of them is envisaged without thermal insulation towards the
ground and with a fixed thermally insulated upper rood, whereas the
other is to have a floating cover and thermal insulation towards the
ground. Local conditions are more favourable in Wolfsburg than in
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JiilTich or Mannheim because the ground water first occurs there

at very great depths. Heat losses to the ground - with or without
insulation - would then be considerably easier to control. On the
other hand, however, transferability to other sites is doubtful
because of this.

Due to difficulties with the new storage systems described above,
various district heating utilities have recently decided to construct
advanced steel reservoirs. The largest reservoir constructed as

a steel tank is at the municipal works in Flensburg. The experience
gathered in Sweden was used in its construction. It has a volume of
30'000 m3 (42 m diameter, 21 m cylindrical height) and is employed

as a daily reservoir in connection with the intermittent operation

of two back-pressure blocks.

A feasibility study for a novel tank concept must finally be
menticned. The major disadvantage of Targe cylindrical tanks

is that theycan oanly be constructed for single volumes up to

approx. 105 m3. In the case of the suggested new concept, there is
in principle no limitation of this type since there are no
circumferential stresses in the dish-type container form but rather
merely membrane stresses in the direction of the contour of the
sidewalls - similar to the case of a rope suspended at two levels
with continual vertical load. The sidewall has approximately the
contour of a vertical quarter ellipse. At the bottom it is joined
to the plane bottom plate and is suspended from supports at the top.
This study is intended to show whether this type of tank can be
realized in various load cases (water levels) and whether they can
be expected to be specifically cheaper than cylindrical steel tanks.

Future activities

When the study in Wolfsburg related to the storage lake, and the
study on the advanced steel-membrane reservoir are concluded,

a decision is expected about whether a prototype plant should be
built for one of the three novel concepts:

- storage lake

- steel-membrane reservoir

- artificial aquifer reservoir
It also seems possible that if all three concepts prove to be less
economical in comparison with cylindrical steel reservoirs that a

prototye of an improved very large cylindrical steel tank
(80'000 - 100'000 m3) will be constructed.
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The Netherlands (by A.J. Wijsman)

Historical

In the Netherlands work on seasonal storage of solar heat is done
since 1975. In most cases it concerns earth storage. The first

work on heat storage in the soil was carried out by Prof. Van Koppen
at the Eindhoven University.

In1976/1977 this led to the idea of designing an office building
in Lelystad with seasonal heat storage in clay soil. This project
has not been constructed.

In the Veldhoven project (Philips, Eindhoven) one of the houses was
coupled by a heat pump to a 500 m3 earth storage reservoir. Data
from a step-response experiment on this store was used for computer
model validation.

In 1978 the Delft Soil Mechanics Laboratory, Philips Energy Systems,
Eindhoven, and the Institute of Applied Physics, Delft, started a feasibility
study to investigate seasonal storage of solar energy in the soil.

For this study a computer model for a group of solar houses connected

to a heat storage reservoir in the soil was developed. The study

was completed in 1980.

In the same period work was started to design the project of Leek:

a group of 50 solar houses with a 2'500 m3 insulated earth storage.
Until now it did not come to a construction.

Current activities

The study of the Delft Soil Mechanics Laboratory et al. led to the
realization of the project of Groningen: 100 solar houses coupled
to a 23'000 m3 earth storage. The construction of the seasonal

heat storage reservoir took place from June 1982 to December 1982;
the experiments started in February 1983 and will last several years.

In Arnhem an office building with an aquifer store wiil be constructed.
The aquifer is used as a heat and cold storage; it is a two-well
system.

In Almere, a new town in the latest diked country (polder), an
office building is under construction with a 2'500 m3 earth store.

Both Arnhem and Almere work with heat pumps.

Furthermore, there are several projects with ground coupled heat
pumps for heating a single house.
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4.6.3. Future investigation

In Rotterdam large water reservoirs {concrete tanks) which were
used in earlier days for the storage of drinking water, are
available. At the moment studies are carried out to make an
investigation to use these reservoirs for seasonal storage of
solar heat.

The use of earth under greenhouses for seasonal storage of excess of
heat in summertime is under study. In the system, a heat pump
will be used.
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Sweden (by P.0. Karlsson)

Historical

One of the first Swedish concepts concerning seasonal heat storage
was elaborated in the early 1970's. The concept "Storage of hot
water in rock caverns" was adopted in 1972 as a research project
under the direction of the Swedish Rock Mechanics Research
Foundation (BeFo). Since then, strongly influenced by the oil
crisis in 1973, the interest in energy conservation, substitutional
energy sources as well as heat storage, has increased rapidly.

A great number of different heat storage concepts have been developed,
many of them also tested in small or full scale plants. The general
development has been accelerated by comprehensive research programs
and financial support from some state organizations, primarily the
Swedish Council for Building Research (BFR). Prior to 1980 BFR

has initiated about 150 projects, mainly pre-studies, concerning

heat storage in soil, peat, rock and water.

Heat storage research and development have been carried out by a
number of consulting engineers, by the technical universities, and

by a number of other organizatiocns.

The research projects have covered a wide range of storage concepts
such as: .

- aquifers

- open caverns

- blockfilled caverns

-  abandoned mines

- rock

- clay

- peat

- pit storage

- insulated lake storage

- water tanks.
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Current activities

A great number of heat storage systems are now in operation

or under construction in Sweden. The energy sources are mainly
solar heat, waste or surplus heat. Some of the heat storage
systems are directly connected to large district heating systems.

Current activities may be exemplified by the following projects
(detailed information is given in the attached summary sheets):

- Ingelstad, concrete tank, in operation since 1979
-  Lambohov, concrete tank, " 1980
- Uppsala, steel tank " 1978
-  Sddertuna, steel tank, pre-study 1982
- Studsvik, pit magasin " 1979
- Avesta, unlined open rock cavern " 1982
- Lyckebo, unlined open rock cavern " 1983
- Kopparberg, abandoned mine, pre-study 1982
- Trands, aquifer, pre-study 1982
- Klippan, aquifer, pre-study 1982
- Kungsbhacka (SUNCLAY), clay, in operation since 1980
- Huddinge, heat-pile in clay, " 1981
- Upplands Vasby, clay, pre-study 1982

- Luled, multiple well system, construction compl. 1982
- Stora Skuggan, multiple well system, pre-study 1982
- Sodertuna, multiple well system, pre-study 1982

- Heat storage in clay, peat and aguifers,
Potential studies 1980-1983

Operating plants are now under evaluation and feed back is
continuously received for the continuing research and development
activities,

In a current project, at the University of Lund, analyses and

modelling of ground heat storage systems are carried through.

The analyses and models cover a wide range of storage concepts
thus giving considerable contribution to the rapid development
of many storage systems.

In addition to the projects mentioned above a great number of
laboratory tests, field tests, etc., are going on,
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Future investigation

A great number of storage concepts have now been tested in small
or full scale plants. The Swedish Council for Building Research
(BFR) has therefore initiated an evaluation procedure in order to
make clear applicability and remaining need for research,
experiment, etc. The evaluation procedure will concentrate for
every storage concept on the following:

- price

potential

performance

problems

The result of the evaluation which will be completed in 1983
will form the base for the future national research program.
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4.8, Switzerland (by J.C. Hadorn)
4.8.1. Historical

During the past ten years the interest has been focused on aquifer
storage, and more recently on earth storage systems. This was
mainly due to the Swiss geological conditions and geographical
constraints.

Field experiments have been carried out since 1974 in a phreatic
aquifer by the Centre of Hydrogeology of Neuchatel. The results
are mainly used as validation basis for finite element models
developed by the "Institut d'Economie et Aménagements Energétiques”
(IENER) of the Swiss Federal Institute of Technology in Lausanne,
in order to predict the interest of large storage facilities.

Several small scale experiments on earth storage system {(disturbed)
have started since 1979 (the Marly storage, for example). Funding
is assumed mainly by National Funds (FN, NEFF), but also by private
company and office, and coordination is principally achieved by the
Federal Office of Energy {OFEN).

4.8.2. Current activities

The SPEQS project (shallow aquifer confined and unconfined,

60'000 m3 approximately) is being tested in Dorigny, near

Lausanne, and will be a full scale experiment for the radiant drains
and vertical piston concept.

The earth storage in Vaulruz has been built during 1982. The
reference volume is 3500 m3 of earth, and it is thermally confined
on sides by 30 cm of insulation, and on top by 60 cm of insulation
as well (expanded polystyrene).

4.8.3. Future investigation

A project called ACUS from the IENER should begin this year.

It is, in essence, a rock storage system (depth 200 to 250 m)

linked to evacuated flat plate collectors, for about 1000 inhabitants,
foreseen to reach about 150°C during the charging period. A laboratory
test (downscaled with 1 w3 of rock under 10 bars} should be conducted
in 1983, as well as the technical and economical studies.
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United Kingdom {by B. Rogers)

Historical

A solar-heated seasonal store of 100 m3 was constructed in 1976-1977
at the Centre for Alternative Technology at Machynlleth in Wales to
provide space heating for an exhibition hall.

An integrated solar building design study has been undertaken by IDC
Consultants Ltd of Stratford-upon-Avon, partly funded by the UK Department
of Energy. A small factory building of floor area 1600 m2 was modelled.
The thermal storage was in water-filled, insulated concrete tanks,

which also acted as foundations for the superstructure of the building.

Current activities

The Hydrogeology Unit of the Natural Environment Research Council's
Institute of Geological Sciences is undertaking an experimental project
on heat storage in aquifers. Boreholes have been drilledintoa 12 m
thick confined Lower Greensand geological formation overlain by clay
and chalk, for injection and extraction of water at 50-60°C. The
project began in March 1981, and is due to finish in 1984.

The University of Sussex has an experimental salt gradient solar pond
project partly funded by the EC. The aim of the project is to develop
laboratory instrumentation and techniques for filling and maintaining
ponds, extracting heat, and monitoring conditions and performance.

A pond of storage volume 150-200 m3 is to be built and operated at

a local farm,

A numerical model for solar ponds is being developed with the support

of the Science and Engineering Research Council at the Solar Energy

Unit of University College, Cardiff, to explore the dependence of
performance on factors such as load, site, pond depth and salt
concentration gradient. The model incorporates a detailed treatment

of surface heat loss mechanisms, solar radiation extinction coefficients,
and heat exchange with the surrounding soil and ground-water flows.
Experimental studies have been made to validate the extinction coefficients
and charging performance. An analytical steady-state model has also

been developed; together the two models permit design optimization.

Future investigation

There are unlikely to be large-scale projects on the seasonal storage
of solar energy in the near future.
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United States of America (by A.I.Michaels)

Historical

The USA program for the development of large-scale, long-term
thermal energy storage {TES) subsystems, which could be utilized
for central solar heating plants, has largely been concentrated

on two technologies: hot water storage in confined aquifers;

and salt gradient ponds, which function as a combined collection
and storage system. However, there have been a number of analytical
studies and small scale experiments on other seasonal heat storage
methods, including: wundisturbed or moisture controlled earth;
various rock or pebble-bed formations; fresh water ponds, serving
as storage only or as a combined solar collector-storage system;
and large, in-earth water tanks. 1In addition, a substantial

amount of analysis and experimentation is being conducted on ground
coupled heat pump systems which may have relevance to this solar
seascnal storage application.

Current activities

The aquifer program is presently the most advanced. A series of
large-scale field experiments has been carried out by Auburn
University in Alabama. Two charge-store-recovery cycles at 55°C

were completed with 67% recovery. Two cycles at 82°C have

been completed. Due to high buoyancy effects and a non-uniform
horizontal permeability in the aquifer, recovery has been very

poor, Tess than 50% with a maximum recovery temperature of 55°C

at best, in spite of attempts to control mixing of cold and hot

water during recovery by upper well pumping only, and by pumping

lower well to wast while upper well recovery was underway. A
large-scale field test project for the storage of water up to

150°C in a deep aquifer was constructed and preliminary check-out

was completed at the University of Minnesota in St. Paul. A

project for evaluating storage of winter cold for summer cooling use
has just been successfully completed at Stony Brook, N.Y. A detailed
three-dimensional computer code has been developed, and validated
against University of Auburn experimental data, by the Lawrence Berkeley
Laboratory. A linear one-dimensional code and a simple graphical
methodology were also developed and validated against the more complex
code. Additional performance and cost analysis aquifer TES codes
(including distribution costs) have been developed by Battelle Pacific
Northwest Laboratory.
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In the salt gradient pond program, a variety of small ponds have

been built and operated with a fairly high degree of success. Several
one-dimensional computer codes have been developed and utilized for
analytical studies with a fair degree of correlation with experimental
observations. A more complex, multi-dimensional code has been develope
at Argonne National Laboratory. A number of larger experimental and
demonstration ponds are under construction or planned (by the TVA

in Tennessee, at the Salton Sea and at Owens Lake in California, at
Truscott Brine Lake in Texas, etc.). An analysis of the utilization
of a solar pond in a district heating system is under way at SERI.

There have been several analytical and cost studies of large scale
water tanks in seasonal storage applications, but no experimental
installations. One preliminary analysis of seasonal storage in earth
was conducted by George Washington University, and a small scale
experiment was conducted at Colorado State University. Another analyti
study conducted by the University of Minnesota addressed seasonal
heat storage in various rock-earth configurations. This was oriented
to high temperature storage {up to 500°C) for power generation
applications, but does have some relevance to heating. Finally there
have been a number of analytical and simulation studies of solar
collection and/or heat storage in fresh water ponds utilizing various
types of surface covers.

A preliminary study has been completed for a retrofit solar heating
system at the Charlestown, Boston Navy Yard Redevelopment Project.
This system design would utilize storage in existing underground
concrete tanks. The distribution system also would use existing
underground piping tunnels. Collectors would be placed on roofs of
existing buildings. As a result of savings through the use of
available facilities, system costs are reduced, and the analysis
indicated a strong potential for cost competitiveness with conventiona|
heating systems. Negotiations aimed at initiating the detailed design
phase of the project are under way but uncertain.

Future investigation

In the aquifer program, initial short injection-recovery cycles are
commencing at the University of Minnesota Field Test Facility; full
charging tests will begin next summer. An aquifer seasonal cool-storag
system was installed to provide air conditioning for a large departmeni
store in Tuscaloosa, Alabama. This has been instrumented and its

performance will be monitored over the coming year. A new project
to evaluate non-aquifer chill storage is currently being intiated.

The TVA salt-gradient pond has been checked out and has begun operatio
Performance data is being obtained and analytical methods will be
evaluated.
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COMPILATION OF SOME HEAT STORAGE PROJECTS IN THE PARTICIPATING COUNTRIES

This chapter is devoted to the presentation of basic data concerning
heat storage projects of special interest. ‘

A summary sheet proposed within the EC working group by the Netherlands
has been found suitable for this purpose by the participants in Subtask
le, :

It déscribes the main characteristics of the project. I]1ustrat16ns,
references, and contact people are provided as well for most of the
projects described.

The numbers listed under References refer to the List of references
and Bibliography.

The compilation of projects is presented by storage types:

5.1. Tank storage

5.2. Pit storage

5.3. Rock cavern storage

5.4. Aquifer storage

5.5. Earth storage

5.6. Rock storage
Some of the projects or design studies schematically presented here
are not directly related to solar heating plants of seasonal storage.
However, the experiences they present can certainly be used with great

benefit for seasonal heat storage applications.

The illustrations have been taken from some relevant papers describing
the projects under consideration.
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Tank storage

Aylmer Senior Citizens Residence {Canada)
Provident House ( Canada)

Ingelstad - VYaxjo solar heating plant {Sweden)
Lambohov - Solar heating plant (Sweden)
sodertuna - Alternative A: Steel tank (Sweden)
Water tank Uppsala (Sweden)

Seasonal water storage vessel - CCR, Ispra (EC)







SUMMARY SHEET: SEASONAL HEAT STORAGE TANK /1

STORAGE SYSTEM

TITLE: AYLMER SENIOR CITIZENS RESIDEMNCE : PERIOD: testing
é s'%nce Sept. 1978
8 MAIN SUBJECTS OF RESEARCH: FriL 1989
5
:% - storage material: HBE /RO - theoretical /experimental
& - gtorage system : YES /@ - theoretical/experimental

~ total system H YES /N6 - theoretical /experimental

1. Material P yater

2. Density : 986 kg/m3
g 3. Specific heat : 4180 J/kg K
é 4. Mean heat capacity T4 HJ/m3 E {1 x water)
F 5. Thermal conductivity : 0.648 W/m X
) 6. Permeability s n?
g 7. Operating temperature interval: 29 - 75 °c
“ 8. Price : UA/m3

Properties at temperature : 39 °c

STORAGE CONTAINER AND COMPONENT PERFORMANCE COST {incl. cost

for labour)
1. Storage volume : 916 a> Storage Ua
shape t  truncated cylinder
position: aewe/below/pewtiydsedesn ground level
2. Total heat capacity 3 3780 MI/K
3. Containment present : YES /4| Containment UA

material + reinforced concrete wall
4. Insulation present : YES/# | Insulation Ua
position insulation . all around {internal)
material ; polyurethar foam
total volume insulation material: 83 m3
5. Heat exchanger present * pot in tank MBS /N0O | Heat exchanger UA
heat exchange rate (theor./exp.): - w/X Miscellaneous UA+
6. Annual performance (theor./exp.): 2/ (%) Total system UA

1021000 CANG 1978

DATA OF TOTAL SYSTEM

TOTAL SYSTEM

The number of heat consumers in the entire system: 30 unit apartment building (1784 m2)
1. Heat congsumption system: space heating/domestic hot water/both

space heat load* : 9.97 10° NI
hot water load* « 6.75 10

total load* : M
total system lead* : 7.045 105 MJ

* eEThMeEmaNneTWE Der vear.




TOTAL SYSTEM (CONTINUED)

| = DG -
2. Solar heat coellecting system :

Solar collectors : . central/dirptnrdertredn
2 - 2

- collector area 240 n / x m

- type ¢ liquid flat plate

Short term heat storage: central/distributed/not pres
3 3

- storage volume H m /! x m

- storage material :

Total cost H Ua

3. Seasonal heat storage resevoir (see above}
Total cost : UA

4. Heat transfer piping network :

- total length : m
- heat loss rate : wyK'mpiping
Total cost : UA
5. Anxiliary heating: central /ARBHEEIBGRATA ) HRIC LRI
- type ¢ electric boiler
- power installed : 30 kW / x kW
Total cost : va / *x UR
6. Electrical power for pumps : kW
Total power installed H kw
7. Total cost
- solar heating system : 2241600 m@p CANS 1978
- conventiocnal heating system : ua

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL

Results are given for this locaticn

Latitude: 420 451 Longitude: 81° QC

Climatological data for location :

-~ global irradiation horizontal . 4898 HJ/m2 ( 1360 kWh/mz)

- number of degree days : 3840 ; temperature below 18 °c

1. Total system load H 2.945105 MT

2. Total solar contribution : 2.718 10 MI (92 & of load)
idem per m2 collecto? : 1132 MJ (315 kwh/mz)

3. Total auxiliary heating : 2.281[]l+ MT

4. Total electricity consumption : kWh

PRIMARY ENERGY SAVED

Fuel: Fuel price:

1. Primary energy consumption for conventional system :

2, Idem for solar heating system with seasonal heat storage: -

Primary energy saved :
Resumé:
Primary energy saved:

Extra system cost s UA




- p9 -

1)L Buideep o}
edid weiQg
Y

$11239p juel Jauw Ay

weo4
aueylaIN

aseg 18 o

8UO)S PaysIID ~

Jede abeuiBig
8}1040U0D) S8U|4 ON -

iy ounblLg

Buiyocosdiayeps
uQ Aeidg

7

[BAA 83310UCD
peasojuiey
oL
61 doapm
O+—— 48D
Bm
8)812u0)
Pe2IojuIeY —¥ walsAg jsuuryy pue
yie |BISiN paziueajen) JoLueg
| uo Wweo- ausylain H 8IN)SION
WROJ0IAIS —+ \ .4— / auayifiod
I TTIT L@ i LTI ——_—
ISiof |93l Noaq (Blow  Dujueasds euoisawi 1epun SI0ABY
9)BLIJO0Y WiR0J0IAIS 8UO|ISNI0T

uedsg Buon 81240100



REFERENCES

/6,7, 8/

CONTACT

Otto SVEC

National Research Council
Division of Building Research
Geothechnical Selection,

for ground temperature sensors around the seasonal storage tank
Bruce SIFFITT

Solar Energy Program,
National Research Council,

for mounting of system
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SUMMARY SHEET: SEASONAL HEAT STORAGE TANK /2

TITLE: PROYIDENT HOUSE PERICD: operating
since 1976
% (end of test: April 1979)
= MAIN SUBJECTS OF RESEARCH:
5
% - storage material: YES /e - theoretical/experimental
= - gtorage system : YES /N6 - theoretical/experimental
= total system : YES /RS - theoretical/experimental
1« Material t  uater
2. Density 086 k_g/mz'
‘:"-E: 3. Specific heat ; 4180 J/kg K
E 4. Mean heat capacity : k.l HJ/m3 K (1 x water)
E §. Thermal conductivity T 0.648 w/m X
T 6. Permeability s - n°
g 7. Operating temperature interval: 32 - 80 °c
v 8. Price : UA/m3
Properties at temperature : 95 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage volume 2 277 o> Storage ua
shape : rectangular with pyramidphl bottom
position: alowe/belowfpamedyrrbedsw ground level
= 2. Total heat capacity 3 1143 M3/X
E 3. Containment present H YES/N® | Containment Ua
: material : reinforced concrete
5 4. Insulation present H YES/WD | Insulation UA
E_JO- position insulatiem : all around (internal)
material ¢ polyurethare foan
total volume insulation material: 30 m3
5. Heat exchanger present : W /NO | Meat exchanger vA
heat exchange rate (theor./exp.): - W/K Miscellaneocus UA+
6. Annual performance (theor./exp.): 60/ (%) Total system ua
18000 CAN$ 1976
DATA OF TOTAL SYSTEM

TOTAL SYSTEM

The number of heat consumers in the entire system: 1 family residence 259 n2

1. Heat consumption system: space heating/domestic hot water/both
5

space heat load* : 6.5 10 ) o)
hot water load* H M
total load* : MJ
total system leoad* + 6.5 105 MT

* per heat consumer per year.




TOTAL SYSTEM (CONTINUED)

| 2. solar heat collecting system ':

Solar collectors : central/akdmrthnmret
- collector area : 66.8 lz / * mz
- type i liquid flat plate
Short term heat storage: central/distributed/not prese
- storage volume H m3 / x m;
- gtorage material H
Total cost : UA

3. Seasonal heat storage resevoir {see above)
Total cost : UA

4. Heat transfer piping network :
- total length : m
- heat loss rate 3 W/K.m iping
Total cost : Ua

5. Auxiliary heating:

- type :  electric duct heater

- power linstalled : 15 kW / x kW

Total cost : va / x ua !
6. Electrical power for pumps t kW

Total power installed : kW
7. Total cost

- solar heating system : UA

- conventional heating system : TA

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL

Results are given for this location

Latitude: 43° 547 Longitude: 79° 37!

Climatological data for location :

- global irradiation horizoental : 4850/ MJ/mz {1347 kWh/m2)

- number of degree days 4100/ ;i temperature below (g °C

1. Total system load . 65000/72122 MIJ

2. Total solar contribution : B65000/41767 MT (100 % of load) / 58%
idem per m2 collector s 976/627 MJ (271 kWh/m?) / 174 kih/m2

3. Total auxiliary heating : 0/20922 MI

4. Total electricity consumption : /2606 xwh (for pumps)

PRIMARY ENERGY SAVED

Fuel: . Fuel price:

1. Primary energy consumption for conventional system :

2. Idem for solar heating system with seasonal heat storage: -

Primary energy saved :
Resumé:
Primary energy saved:

Extra system cost : UA
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REFERENCES
/9, 10/

CONTACT

McClintock Homes, owner, Toronto 491-2701




SUMMARY SHEET:

SEASONAL HEAT STORAGE

TANK/3

INGELSTAD - VAXJO SOLAR HEATING PLANT

* per heat consumer per year.

TITLE: _ PERIOD: operating
since 1979
=
g MAIN SUBJECTS OF RESEARCH:
g
a - storage material: ¥BE./NO -
= - storage system : YES/a - theoretical/experimental
- total system H YES /N8 - thecretical/experimental
1. Material t  water
2. Density t  gog kg/m3
g 3. Specific heat s 4180 J/kg K
g 4. Mean heat capacity ERE | MJ/m3 E {1l x water)
% 5. Thermal conductivity T 0.6 W/m K
:':3] 6. Permeability r - mz
g 7. Operating temperature interval: 40 - 95 °c
v 8. Price : Uﬁ/ma
Properties at temperature : 20 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage volume : 2'000 o Storage 167.9
shape s cylindrical ¥ 28 m, h 8n
position: above/belowiparekeriseiow ground level
= 2. Total heat capacity : 20 500 MI/X
E 3. Containment present : YES/we | Containment UA
: material :  concrete
g 4. Insulation present : YES/# | Insulation UA
= position insulatien :  all arcund {external)
. material : glass fiber, min. wool
total volume insulation material:330 + 1200 m3 m3
5. Heat exchanger present : YES/Wér| Heat exchanger UA
heat exchange rate (theor./exp.): W/K Miscellaneous Ua+
6. Annual performance (theor./exp.): (%) Total system UR
DATA OF TOTAL SYSTEM
The number of heat consumers in the entire system:
1. Heat consumption system: space heating/domestic hot water/both
E space heat load* H NI
E hot water leoad* : MJ
3 total load* +  B5'000 MJ / house
§ total system load* LI 106 MJ including distribution losses




TOTAL SYSTEM (CONTINUED)

2. Solar heat cellecting system

-

central/distsibuted
2 . 2
1300 n / x m

Solar collectors

.

- collector area

- type ! concentrating - tracking ftilt 35¢
Short term heat storage: central/distributed/not prese
« storage volume : m3 / x m3
= storage material :
Total cost : UA
3. Seasonal heat storage resevoir (see above)
Total cost : Ua
4. Heat transfer piping network : gpog/5poc
- total length : 3000 m
- heat loss rate : W/K'mpiping
Total cost : Ua
5. Auxiliary heating: central/distributed/not prese
- type : boiler plant
~ power installed 700 kW / x kW
Total cost t ua / X va
6. Electrical power. for pumps : kw
Total power installed : kW
7. Total cost
- scolar heating system H UA
- conventional heating system : UA

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL

Results are given for this location

Extra system cost : UA

latitude: Longitude:

Ciimatological data for location :

- global irradiation : MJ/m2 ( kWh/m2)

- number of degree days : ; temperature below °c

1. Total system load : nJy

2. Total solar contributicn . MI { % of load)
idem per m2 collector . MI ( kWh/mz)

3. Total auxiliary heating s mT

4. Total electricity consumption : kWh

PRIMARY ENERGY SAVED

Fuel: Fuel price:

1. Primary energy consumption for conventional system :

2. Idem for solar heating system with seasonal heat storage: -

Primary energy saved @
Resumé:

Primary energy saved:




- 77 -

CONCENTRATING HOT WATER
SCLAR COLLECTOAS STORAGE TANK BOILEA MOUSE RESIDENTIAL AREA
1300 m2 5000 m3 52 HOUSES

Figure 16: Ingelstad/Schematic diagram - Energy flows

| e

i:'_—’_-'I - i'T[ ROOFING

PAFER

5 HH PLYWOOD
50=200 JOIST
iCentre/Contra 1200 m

T Ve Tl n ey

e T matin
AT ELYEY] - RTTRVETENY TR L
BTN LYY ARt A L L e i Vs
Rl A AT f8 s MWL
R x 4 i AWV TREMAL]

[T

900 mm
[t 1 1

64,25 ol l

1 ™ concrre
Proiawrigated boams 100 mm i
_fibraglase - o
Profabricetad = " T T

Prefabeigstod pillar h beam alement

. I \

_ I

00 mm concreis
100 mm fibregisss
820 mm minersl waol
Sheet matal cladding aH

b

T

300 mm goncrete &
500 mm limhrwaight clinker

! 320 mm fibreglass

(180 men drainuge bed lyrevai]

T

2]

2
Il
|

Canting key

' 0
T

£ L
I

AT

. Dryin

AT T TS

P

wlw
- ol

Figure 17: 1Ingelstad/Cross section through the tank




REFERENCES
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SUMMARY SHEET: SEASONAL HEAT STORAGE TANK /4

TITLE: LAMBOHOV SOLAR HEATING PLANT

PERIOD: gperating

* per heat consumer per year.

’ since 1980
g MAIN SUBJECTS OF RESEARCH:
3
§ - storage material: ¥mE /NO - tlmoreinhcadfemepenimental
= - storage system : YES fN6 - theoretical/experimental
- total system H YES /3§ - theoretical/experimental
1. Materjal :  wuater
2. Density T 098 kg/m3
Ec: 3. Specific heat . 4190 I/kg X
é 4. Mean heat capacity : 4.1 HJ/m3 K {1l x water)
= 5. Thermal conductivity T 0.6 W/n K
] 6. Permeability r n2
g 7. Operating temperature interval: 5 - 70 °c
b 8. Price : oa/m>
Properties at temperature : 20 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage volume T 10'000 m3 Storage UA
shape . cylindrical ¢ 32 m, h 123
position: abowefbelow/puntiyrbelow ground level
= 2. Total heat capacity t #0'500 MI/K
E 3. Containment present : YES /% | Containment UA
i . material :+ concrete
g 4. Insulation present H YES/# | Insulatien oA
?ﬂ position insulatien * all around
material ¢ light weight concrete
total volume insulation uterial:p()lyumtharfgoo m3
5. Heat exchanger present : YES /| Heat exchanger ua
heat exchange rate (theor./exp.): W/K Miscellanecus Ua+
6. Annual performance (theor./exp.): (s) Total system uA
DATA OF TOTAL SYSTEM
The number of heat comsumers in the entire system: 55 terraced houses
1. Heat consumption system: space heating/domestic hot water/both
é space heat load* T 3930 I
E hot water load* I 1440 . %)
;] total loagd* s 5370 MI
§ total system load* HIK 105 MJ




TOTAL SYSTEM (CONTINUED)

- 80 -
2. Solar heat collecting system :

Solar collectors : wenerwl/distributed
2 - 2

- collector area t 2875 n / 55 Xx92.3 M

- type *  flat, single glazing, tilt 559

Short term heat storage: e trwh A dignrdinsnedy no t presé
3 3

- storage volume : m / x m

- ptorage material H

Total cost H UA

3. Seasonal heat storage resevoir (see above)
Total cost : Ua
4. Heat transfer piping network :

~ total length : m
- heat loss rate : B0 Muh W:Lping
Total cost : ua
5. Auxiliary heating: central/distributed/not prese
- type : heat pumps -
- power installed : 156 + 29 kW / x kW
Total cost : UA / x Ua.
6. Electrical power for pumps : kW
Total poewer installed : kw
7. Total cost
- solar heating saystem : - va
- conventional heating system : UA

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL

Results are given for this lecation

Latitude: Longitude:

Climatological data for location :

- global irradiation : wI/m® Kith/m” )

- number of degree days : ; temperature below °c

1. Total system load H MY

2. Total solar contribution : M3 { % of load)
idem per m? collector : M3 ( kWh/mz)

3. Total auxiliary heating : 324 103 MT

4. Total electricity consumption : kWh

PRIMARY ENERGY SAVED

Fuel: Fuel price:

1. Primary energy consumption for conventiocnal system :

2. Idem for solar heating system with seasonal heat storage: -

Primary energy saved :
Resumé:
Primary energy Saved:

Extra system cost H UA
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Heat pumps -
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Flat plate . L ..L ( IC:
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‘**25 9Lo ML
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Standby capacity 80 Mun

Figure 18: The Lambohov solar heating system and energy flows
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Figure 19: Lambohov/Stratifying infeed assembly




REFERENCES

/5, 12, 28, 29/

CONTACT

Solvarmecentral Lambohov
Allmogegatan 66
S - 583 30 LINKOPING

_82._




SUMMARY SHEET: SEASONAL HEAT STORAGE

TAHK/S

TITLE: SUDERTUNA ALTERNATIVE A: STEEL TANK

PERIOD: 1982

total volume insulation material:
5. Heat exchanger present z
heat exchange rate {(theor./exp.)}:
6. Annual performarce (theor./esw.): g5/

g MATN SUBJECTS OF RESEARCH:

5

§ - storage material: YES /e - theoretical /expecinendrt
2 - storage system YES /X - theoretical fenpacimentuad

- total system H YES /e - theoretical faxpscimendadk

t. Material :  water

2. Density LYY kg/m3

5-_: 3. Specific heat s 4190 J/kg X

é 4. Mean heat capacity : 4.1 HJ/:n?' E {1 x water)
§ 5. Thermal conductivity s 0.6 W/m K

o 6. Permeability . n°

g 7. Operating temperature interval: !5 - 65 °c

“ 8. Price : 200 SEK/n3 Dagimn

Properties at temperature : 20 °C

STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost

for labour)
1. Storage volume I 55000 m3 FEENER, Ga
shape : cylindrical Ground works 0.9 MSEK
position: abowwibelem/partly below ground level
= 2. Total heat capacity 225 500 MI/K
& 3. Containment present : ¥S/NO | Containment Ua
& . (tank) 5.2 HSEK
@ material :
3 4. Ingulation present : YES/Win| Insulation 2.0 MSEK UA
?n position insulatien * roof and walls

material ¢ mineral wool

m3

YES/WON | AW NaREEnyer ua
W/K Miscellaneous 4.9 MSFK UA+
(%) Total system |3 o ygex UA

TOTAL SYSTEM

DATA OF TOTAL SYSTEM

The number of heat coasumers in the entire system:

1. Heat consumption system: space heating/domestic hot water/both

3
space heat loaad+* : 19 10

hot water load* : 15 103
total lcagd* T3 103
total system load* 239 103

* per—heet-Consumer per vear.

EEEE

Incl. 13% losses

areas

525 dwellings + 3500 m2 communal




ONTTNYUED)

C

TOTAL SYSTEM (

2. Solar heat cellecting system :

Solar collectors H asntead/dlstributed
2 2
= collector area t o 13'000 ] / x m
- type *  roof integrated
Short term heat storage: Canbakhddeseidnabead/ not prese
3 3
- storage volume H m / x m
- gstorage material :
Total cost : UA
3. Seasonal heat storage resevoir (see above)
Total cost : UA
: - 4 t
4. Heat transfer piping network : gglgﬁgérzgmggem
- total length : 12500 YRR 8oy
- heat loss rate H W/K'mpiping
Total cost 10,1 MSEK ua
5. Auxiliary heating: central /distributed/not prese
= type *  heat pump 1 x 200
- power installed : 600 kW /1 x %00 xw
Total cost : 1.8 MSEK /.8 / X uva
6. Electrical power for pumps s kW
Total power installed : KW (130 MWh/year)
7. Total cost
- solar heating system s 34.6 MSEK UA
T MSEK

« conventional heating system : - UA

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL

Results are given for this location

Latitude: 5g¢ 51 Longitude: 70 35!
Climatological data for location :
-~ global irradiation : 3830 HJ/mz ( 1064 kWh/m2)
- number of degree days t 3850 ; temperature below 17 °C
1. Total system load ;93 10° MT
2. Total solar contribution + 4248 MHh %7 (65 % of load)
idem per m2 collector :+ 1150 M3 (320 kWh/mz)
3. Total auxiliary heating t 950 MWh wF
4. Total electricity consumption : 1080 Muh el
PRIMARY ENERGY SAVED
Fuel:  Electricity Fuel price: g 20 SEK/kWh
1. Primary energy consumption for conventional system :
2. Idem for solar heating system with seasonal heat storage: -

Primary energy saved :
Resumé:
Primary energy saved: 80%
Extra system cost : 25.4 MSEK UA
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Figure 20: Sodertuna alt. A/Schematic diagram of solar energy system

TAVAVaYaY,

3
<}
X
q
§
»
»
N
]
d
"
"
S
»
»
-
-
[
G}
=

ATAYAGY AV aVaVAVAY AV AN 4V N WAV sV aN VLN VAN

~ L0 M

e

S ;N Ty o=

~ L0 M
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REFERENCE

/76/

CONTACT

T. BRUCE
Sédertdlje Energy Supply Authority
S - 151 89 SODERTALJE




SUMMARY SHEET:

SEASONAL HEAT STORAGE

TANK/6

TITLE:  WATER TANK UPPSALA PERIOD: gpepating
é since 1078
g MAIN SUBJECTS OF RESEARCH: The tank is used as short term storage for a cogeneration plant
5
% - gtorage material: YES /W5 - theoretical /experimental
= - gtorage system : YES {07 - theoretical/experimental
- total system H YES /i - theoretical /experimental
1. Material : yater
2. Density : 998 kg/m3
51 3. sSpecific heat 7 4190 J/kg K
EE 4. Mean heat capacity AR MJ/m3 K (] x water)
ﬁ 5. Thermal conductivity : 0.6 W/m X
T 6. Permeability . - n’
g 7. Operating temperature interval: 5g - g5 °C
@ 8. Price : Ua/m3
Properties at temperature : 9p °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST {incl. cost
for labour)
1. Storage volume : 301000 m3 Storage va
shape : cylindrical
position: above/halsowypaseismsbetow ground level
5 2. Total heat capacity 120 103 MI/X
E 3. Containment present H YES/NO | Containment UA
: material :
S 4. Insulation present 3 YES/M&r | Insulation UA
é position insulatien * roof and walls
material ¢ 30 cm mineral wool
total volwme insulation material: 1300 m3
5. Heat exchanger present : YES/RO | Meat exchanger UA
heat excharnge rate (theor./exp.)}: W/ Miscellaneous UA+
6. Annual performance (theor./exp.): (%) Total system 10 MSEK M¥K
DATA OF TOTAL SYSTEM
The number of heat consumers in the entire system: District heating systenm
1. Heat consumption system: space heating/domestic hot water/both
E space heat load* : NI
E hot water load* : MI
3 total load* : MI
§ total system load* H MT

* per heat consumer per year.




- 88 -

ospheric ﬁﬁmmmzﬂcu

.\I Support for

- ~
v=0054M5
vID 0-40600M/H

thermocouples

"AYAYAYAYS

Insulation

ARNREEN)
EENEBERNI

YaY,

(0.3M)

Faa

AT ATATATA AT ATATAY AT AT AT AT AT ATAY AT RT A ATANLYATAYAVAY AV A s Ya Y4 Va!

Water 246 1 i_
Hot water pipé¢
R10) | | |

=)
=

RS

Cold water pippd

. b

e ~ D

{

11 1)

it

1.5

80

175

210

Figure 22: Uppsala/Water tank
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SUMMARY SHEET:

SEASONAL HEAT STOQRAGE

TAKK/7

* per heat consumer per year.

TITLE: SEASONAL WATER STORAGE VESSEL - CCR-ISPRA PERIOD:
E
= MAIN SUBJECTS OF RESEARCH:
3
§ - storage material: "W /N0 - theoretical/experimental
> - storage system : YES /W - theoretical/experimental
- total system H ™e/NO - theoretical /experimental
1. Material water + surounding ground ]
2. Density : 1000 kg/m3 1.2 - 1.5 103
2 3. Specific heat T 4180 I/kg X 1.2 - 2.9 10°
é 4. Mean heat capacity o4 HJ/m?' K ( x watex)l.4 - 4.3
$ 5. Thermal conductivity : 0.6 W/m X 0.6 - 1.5
8 6. Permeability s - -2
g 7. Operating temperature interval: 25 - 80 ¢C
e B. Price H Ua/n3
Properties at temperature : °c
STORAGE CONTAINER AND .COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage volume £ 330 m3 Storage ua
shape ¥ rectangular vessel
position: N/ be ]l ow/HHHERMAEINE ground level
% 2. Total heat caplacity : 1400 MI /X
E 3. Containment present : YES/#8 | Containment UA
@ material s+ concrete
g 4. Ingulation present : YES W | Insulation UA
E position insulatien i roof
material : expanded polystyrol
total volume insulation material: 24 m3
5. Heat exchanger present : ARG/ %0 | Heat exchanger UA
heat exchange rate (theor./exp.): w/xX Miscellanecus UA+
6. Annual performance (theor./exp.): (%) Total system ua
DATA OF TOTAL SYSTEM
The number of heat consumers in the entire system: sinulated load
1. Heat consumption system: gpace heating/domestic hot water/both
é space heat load* 3 NI
E hot water load* H My
3 total load* H M7
g total system load* 1 280 1(]3 MJ




THERMOCOUPLES
HEAT EXCHANGER
THERMAL INSULATION
DATA ACQUISITION
PUMP

Figure 23: CCR Ispra/Seasonal water storage vessel

CONTACT: M. HARDY, Joint Research Center, I - 21020 ISPRA



5.2.

5.2.1.
5.2;2.
| 5.2.3.
5.2.4.

5.2.5.
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Pit storage

Largerwarm water reservoir project {Germany)

Design of the Long Time Store in Wolfsburg (Germany)
Hot water storing project, Mannheim (Germaﬁy)
Interseasonal solar space heating (United Kingdom)

Solar heating plant at Studsvik (Sweden)
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SUMMARY SHEET: SEASONAL HEAT STORAGE

PIT/1

TITLE: LARGE WARM WATER RESERVOIR PROJECY

PERIOD: 1975-1979

* psr heat consumer per year.

} FPRTY YR I T T T R 1. SN S T o Y » Lo T TP SR « R DA, (RN I

g MAIN SUBJECTS OF RESEARCH: The reservoir was designed for a system with a cogeneration plant
5
§ - mtorage material: YES /fe| - theoretical /experimental
= - gtorage system : YES /ooy - theoretical/experimental
- total system : YES M - theoretical /dNEibddl
1. Material T water
2. Density ; 990 kq/m3
'é‘ 3. Specific heat : 4180 J/kg X
g 4. Mean heat capacity AN HJ/m3 K{ 1| x water)
§ 5. Thermal conductivity : 0.8 W/m X
8 6. Permeability t - nz
g 7. Operating temperature interval: 50 - 90 °c
s 8. Price t (.70 DN m\/ma
Properties at temperature ¢ 70 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost xxx
for labour) (in DM 1975)
1. Storage volume 2 510001000 m3 Storage 3.5 106 UA
shape + square pit
position: BHIWBEMUGM partly below ground level
E 2., Total heat capacity : 20 10E MJI/X
E 3. Containment present : YES/W¥ | Containment UA
: material t plastic sheets 61 106
5 4. Insulation present : YES/W{ Insulation UA
é position insulatien : all around
material ; polyurethane
total volume insulation material2200 o
5. Heat exchanger present H MBE/NO | Heat exchanger - UA
heat exchange rate (theor./exp.): _ W/K Miscellaneocus 4 10[5 Ua+
€. Annual perfermance (theor./ewp.)}il (%) Total system 068.5 105 UA
DATA OF TOTAL SYSTEM
The number of heat consumers in the entire system: 140'000 inhabitants
i. Heat consumption system: space heating/domestic hot water/both
E space heat load* : 20000 M
E hot water load* t 5000 My
E total load* : 25000 . MJ
8 total system leoad® : 3.5 10 MJ
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Figure 24:
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Warm water reservoir project/Version floating cover - Details

REFERENCES: N3, 14, 15/
CONTACT: F. SCHOLZ, Kernforschungsanlage Jiilich GmbH, Postfach 1913 STE, D - 5170 .a_.:”:



* per heat consumer per year.

SUMMARY SHEET: SEASONAL HEAT STORAGE PIT/2
TITLE: DESIGN OF THE LONG TERM STORE IN WOLFSBURG PERIOD: 1979-10882
2
= MAIN SUBJECTS OF RESEARCH:
5
§ - storage material: YES /% - theoretical/experimental
2 - storage system : YES /il - theoretical/experimental
- total system : : YES A0 - theoretical /experimental
1. Material : Later
2. Density : 990 kg/m3
g 3. Specific heat : 4180 J/kg X
E 4. Mean heat capacity oyl lu/m3 K ( | x water)
= 5. "hermal conductivity : 0.6 W/m X
o 6. Permeability : - m?
g 7. Operating temperature interval: 3 - g5 °c
“ 8. Price H tm/m3
Properties at temperature : 3 °C
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage voclume : 10000 m3 Storage UA
shape truncated pyramid
position: above/below/partly below ground level
= 2. Total heat capacity 3 41800 MI /X
E 3. Containment present H YES/M® | Containment UA
: material . asphalt concrete
5 4. Ingulation present : YES /¥ | Insulation UA
EEO position insulationm : roof
material * foamglass
total volume insulation meterial: 1458 n
5. Heat exchanger present : YES/W4M| Heat exchanger UA
heat exchange rate (theor./exp.): W/X Migcellanecus UA+
6. Annual performance (theor./exp.): (%) Total system UA
DATA OF TOTAL SYSTEM
The number of heat consumers in the entire system: 53 r,pily houses
1. Heat consumption system: space heating/domestic hot water/both
é space heat load* : 65782 M
E hot water load* : 11609 nJ
3 total load* : 773081 . NI
§ total system load* + 1.78 10 MT
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Figure 25: Wolfshurg/Cross section through the pit
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'REFERENCES

/16, 17, 18, 19/

CONTACT:

Dr. W. BREUER
Stadtwerke Wolfsburg AG
Postfach 100 954

D - 3180 WOLFSBURG 1
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SUMMARY SHEET: SEASONAL HEAT STORAGE

PIT/3

* per heat consumer per year,

1 %

nnt raallietie arenrdina ta 19872 etate of knowledge

TITLE:  HOT WATER STORING PROJECT MANNHEIM PERIOD: 1977-1979
= , .
% MAIN SUBJECTS OF RESEARCH: The reservoir was designed for 2 system with a cogneration:plant
g |
=3 - storage material: YES /5@ theoretical /experimental
= - storage system : YESW! theoretical/experimental
- total system : A/ NO theoretical/experimental
1. Material Pogater
2. Density : 1000 kg/m;
':_?; 3. Specific heat : 4180 J/kg K
;E 4. Mean heat capacity : 4.l M.Jf/!u3 K({ 1l x water)
E 5. Thermal conductivity : 0.6 W/m K
8 6. Permeability . n2
g 7. Operating temperature interval: 50 - °c
v 8. Price :£ 0.7 DM mh/m3
Properties at temperature t 7o °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost ***
for labour) (in DM 1978)
1. Storage volume ; 307000 m3 Storage 0.02 106 UA
shape : rectangular or cylindricd
position: phpweribekow/partly below ground level
= 2. Total heat capacity ; 1267000 MmI/K
E 3. Containment present : YES)¥#! | Containment i UA
: material : concrete + plastic sheets 5.8 10
g 4. Insulation present : YES/Wi| Insulation UA
E position insulation : all around
material . faomglass
total volume insulation materiallS00 o
$. Heat exchanger present : W /NO | Heat exchanger UA
heat exchange rate (theor./exp.): w/X Miscellaneous | §5 10fj UA+
6. Annual performance (theor./d#b.): -~ 65 (%) Total system 7.47 10 ua
DATA OF TOTAL SYSTEM
The number of heat comnsumers in the entire systenm:
1. Heat consumption system: space heating/domestic hot water/both
E space heat load* : NI
E hot water load* : MJ
= total load* H MI
§ total system load* : M
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REFERENCES

/20, 21, 22/

CONTACT

W. GEIPEL

c/o Stadtwerke Mannheim AG
Luisenring 49

D - 6800 MANNHEIM




SUMMARY SHEET:

= 1Js =
SEASONAL HEAT STORAGE

PIT/4

* per heat consumer per year.

TITLE: IKTERSEASONAL SOLAR SPACE HEATING PERIOD: 1976-
=
= MAIN SUBJECTS OF RESEARCH:
%
= - storage material: YES /e - theoretical/experimental
= - Btorage system : YES /e - theoretical/experimental
- total system : YES /¥ - theoretical /experimental
1. Material ¢ water
2. Density : 1000 kg/m3
E 3. Specific heat t 4180 J/kg K
é 4. Mean heat capacity : k.l M.J'/m3 K ( x water)
§ 5. Thermal conductivity : 0.6 W/m K
8 6. Permeability H mz
g 7. Operating temperature interval: 25 - 65 ec  (45°C in practice)
“ 8. Price : 50 UA/mB (1976 excluding labour)
Properties at temperature : °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST {incl. cost
for labour)l UA = £ 0.50
1. Storage volume : 99 m3 Storage ua
shape v rectangular
position: above/below/partly below ground level
E 2. Total heat capacity 400 MI/K
E 3. Containment present : YES/W | Containment Ua
: material 3 butyl rubber
5 4. Ingulation present : YES/W | Insulation UA
E position insulatioen all around
material . polystyrene block with poflyisocyanurate foam in gaps
total volume ingulation material: m3
5. Heat exchanger present : BB /MO | Heat exchanger UA
heat exchange rate (theor./exp.): W/X Miscellaneous Ub+
6. annual performance {theor./exp.): (%} Total system Ua
DATA OF TOTAL SYSTEM
The number of heat conrsumers in the entire system: 1 building (180 w2)
1. Heat consumption system: space heating/domestic hot water/both
E space heat load* : NI
g hot water load* :. MT
é total load* : MJ
§ total system locad* + 49000 MJ




TOTAL SYSTEM (CONTINUED)

2. Solar heat cellecting system :

cantral MAUHEREHELHNINY

2 2
100 ] /! x m

Solar collectors

.

- collector area

- type I flat plate, double glazing, trickle type
Short term heat storage: central MNREMHEEMHINRANT HTW M
- storage volume : 2 m3 / x m3
- storage material ! uater
Total cost : Ua
3. Seasonal heat storage resevoir (see above)
Total cost : UA
4. Heat transfer piping network :
- total length : m
- heat loss rate : W/K'mpiping
Total cost : UA
5. Auxiliary heating: central/distributed/not prese
- type + wood burning stove
- power installed : 5 kW /! x kw
Total cost : [97:8 / x va
6. Electrical power for pumps s 0.140.1+0.25 kW
Total power installed : 0.45 kW
7. Total cost
- solar heating system ; 101000 UA
- conventional heating system : 300 TA

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THECRETICAL/EXPERIMENTAL

Results are given for this location

Latitude: Longitude:

Climatological data for location :

- global irradiation : MJ/m2 { kWh/mz)

- number of degree days : ; temperature below °c

1. Total system load : 497000 MJ

2. Total solar contribution T 341300 MT { 70 % of load) (estimated)
idem per m2 collector : MJ ( kﬂh/mz)

3. Total auxiliary heating : M

4. Total electricity consumptien : ~/ 700 kWh

PRIMARY ENERGY SAVED

Fuel: Fuel price:
1. Primary energy consumption for conventional system 3

2, Idem for solar heating system with seasonal heat storage: -

Primary energy saved :
Resumé:
Primary energy saved:

Extra system cost H Ua




Solar-heated Exhibition Ha

Figure 29: System Diagram

Figure 30: UK/Cross-section through

heat-store
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REFERENCES

/23, 24/

CONTACT

Dr. R.W. TODD

Centre for Alternative Technology
LTwyngwern Quarry

Machynlleth

Powys

Wales
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SUMMARY SHEET: SEASONAL HEAT STORAGE PIT/S

TITLE: SOLAR HEATING PLANT AT STUDSVIK

PERIOD: ,perating

* per heat consumer per year.

é since 1979
S MAIN SUBJECTS OF RESEARCH:
z
p - storage material: WP /NO - A S AT
2 - storage system : YES /Al - theoretical/experimental
- total system : YES /M8 - theoretical /fexperimental
1. Material : water
2. Density i 098 kg/m3
E 3. Specific heat . 4190 J/kg K
é 4. Mean heat capacity ¢ 4.l MJ/m3 K { x water)
§ 5. Thermal conductivity : 0.6 W/m X
3 6. Permeability : mz
g 7. Operating temperature interval: 30 - 70 ec
“ 8. Price : Uh/ma‘
Properties at temperature : 20 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST {(incl. cost
for labour)
1. Storage volume t 540 m3 Storage UA
shape : truncated cone
position: SBéNEY/below/BhHRIEEING ground level
5 2. Total heat capacity + 2670 MI/K
E 3. Containment present : YES /| Containment UA
“ material + earth + rubber liner
g 4. Insulation present H YESAM® | Insulation UA
f&’, position insulatien : all around
material i polyurethane + mineral wopl
total volume insulation material:; 80 + 130 m3
5. Heat exchanger present : YES /i | Heat exchanger Ua
heat exchange rate (theor./exp.)}: WX Miscellaneous UA+
6. Annual performance (WGIEIN/exp.): /50 (%) Total system (7.1
DATA OF TOTAL SYSTEM
The number of heat conrsumers in the entire system: 1 office building (air system)
i, Heat consumption system: space heating/domestic hot water/both
E space heat load* : MJ
E hot water load* : MT
2 total loagd* : MI
§ total systam load* : B1'000 My




TOTAL SYSTEM (CONTINUED)

LR

2, Solar heat cellecting system : on top of the store

Solar collectors : central/AflitEENNMA
2

- collector area : 120 m / X m

- type : CPC rotating, tilt 259

Short term heat storage: central/distributed/not presé
3 3

~ storage volume : m / X m

- storage material :

Total cost ‘ : UA
3. Seasonal heat storage resevoir (see above)

Total cost H Ua,

4. Heat transfer piping network :

~ total length : 20 m
- heat loss rate : W/K'mpiping
Total cost : va
5. Muxiliary heating: central/distributed/not press
- type H
- power installed : kW / x kW
Total cost : UA / x Ua
6. Electrical power for pumps : kW
Total power installed : kW
7. Total cost
= solar heating system : UA
- conventional heating systed : UA

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL

Results are given for this location

Latitude: Longitude:
Climatological data for location :
- gleobal irradiation : MJ/m2 ( kﬂh/mz)
- number of degree days : ; temperature below °c
1. Total system load 3 81'000 MJ
2. Total solar contribution : MI % of load)
idem per m2 collector : 11100 MI (300 kWh/mz)
3. Total auxiliary heating : MT
4, Total electricity consumption : 250 kwh
PRIMARY ENERGY SAVED
Fuel: Fuel price:
1. Primary enexgy consumption for conventional system H
2. Idem for solar heating system with seasonal heat storage: -

Frimary energy saved :
Resumé:
Primary energy saved:

Extra system cost : UA
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Figure 31: Studsvik pit/Sketch of the pilot plant and office building

lem

38°

Figure 32: Studsvik pit/Heat store shape and dimensions
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REFERENCES

/3, 4, 5, 77/

CONTACT

P. MARGEN
Studsvik Energiteknik AB
S - 611 82 NYKOPING
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5.3.1.

5.3.2.
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Rock cavern storage

The Avesta project (Sweden)
The Lyckebo project {Sweden)

Seasonal storage of heat from lakes in an
abandoned mine at Kopparberg (Sweden)
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* per heat consumer per yvear.

SUMMARY SHEET: SEASONAL HEAT STORAGE CAVERN/1
TITLE: THE AVESTA PROJECT PERIOD: operating
% since 1982
= MAIN SUBJECTS OF RESEARCH:
E
= - storage material: HNO - NSO Y MBS S
&2 - gtorage system : YES /e - theoretical/experimental
- total system : YES /M - thecretical /experimental
1. Material : water
2. Densgity : 998 kg/m3
g 3. Specific heat : 4190 J/kg K
g 4. Mean heat capacity : 4.1 H\I/m3 E ( x water)
= 5. Thermal conductivity : 0.6 W/m X
3 6. Permeability : - n2
g 7. Operating temperature interval: 7p - 115 °c
@ 8. Price : UA/m3
Properties at temperature : *c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage volume : 15'000 m3 Storage Uh
shape ¢ tunnel section
position: VENENG/Delow/IBINHEETIEN ground level
E 2., Total heat capacity P 6.3 IDAF M3 /K
E 3. Containment present H YES/NO | Containment UA
: material t
% 4. Insulation presernt t YES/RO | Insulation 57.%
E position insilatioen :
material 3
total volume insulation material: m3
S. Heat exchanger present H YES /M [ Haat exchanger UA
heat exchange rate (theor./exp.): W/X Miscellanecus Ua+
6. Annual performance (theor./exp.}: (%) Total system 13 HSEK MM
DATA OF TOTAL SYSTEM
The number of heat corsumers in the entire system: 0District heating system
1. Heat consumption system: space heating/domestic hot water/both 11 MW
E space heat load* H %)
E hot water load* : M7
=2 total load* : My
§ total system load* H MJ
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Storage cavern; 2 = Machine room; 3 = Transport tunnel;
Research tunnel; 5 = Access shaft; 6 = Entrance building

Figure 33: Avesta/Layout ofthe test plant

Surplus heat from the
heating plant is used
for loading the storage.

Heating plant out of
operation. Unloading
of the storage cavermn.

1 = Storage cavern; 2 = Heating plant; 3 = Heat exchanger;
4 = District heating network.

Figure 34: Avesta/Principles for normal operation of the heat storage

REFERENCES: /25, 26/ CONTACT: P.0. KARLSSON
_ Swedish State Power Board
C - I67 R7 VALl INGRY &toc




SUMMARY SHEET:
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SEASONAL HEAT STORAGE

CAVERN/2

TITLE: THE LYCKEBO PROJECT

PERIOD: under constructio

* pes—heat—censwwer per year.

: E'-g 10821983
L= MAIN SUBJECTS OF RESEARCH:
g
it ~ storage material: W6 /NO - L D el B DT T
=2 - gtorage system : YES A - theoretical/experimental
- total system H mE/NO - thecretical /experimental
1+ Material I uater
2. Density : 998 kg/m3
| E 3. Specific heat 1 4190 J/kg K
| E 4. Msan heat capacity A MJ/nB K (1 x water)
= 5. Thermal conductivity » 0.6 W/m X
2 6. Pernmeability : - nz
g 7. Operating temperature interval: 4 - g0 *c
“ 8. Price s 150 SEK w/m>
Properties at temperature s 20 ‘c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage volume : 102& Eggun ding roc‘l?s Storage ua
shape H
position: WRHWE/ Delow/HiRMMeINN ground level
= 2. Total heat capacity : MI/K
E 3. Containment present : MRBEY/NO | Containment [47.%
: materjal s
5 4. Insulation present : WEBY/NO | Insulation (3.1
?; position insulatien :
material :
total volume insulation material: m3
5. Heat exchanger present : YES S| Meat exchanger UA
heat exchange rate (theor./exp.): W/K Miscellaneocus UA+
6. Annual performance (theor./ép.): ~s 80/ (%) Total system 14.5 MSEK BB
(steady state)
DATA OF TOTAL SYSTEM
The number of heat corsumers in the entire system: 550 dwellings
1. Heat consumption system: space heating/domestic hot water/both
E space heat load* : 13.4 1g6 ny
a hot water loadw : 6.4 10 My
g total load* 2 , MY
] total systam load* : 2.0 10 MI (+ network losses)




LYCKEBO PaRY I

Tunnel for -taking out the masses durtng building time

_ _ o, 5 Equipment for
T e o inlet and outlet

Tunnel
for the
equipment
needed for
operation
of the heat
storage

Figure 35:

Height: 30 m
Width: 18 m
Outer diameter: 75

Lyckebo/Three-dimensional sketch of the rock cavern
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Figure 36: Lyckebo/System dia
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REFERENCE
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CONTACT

I. WALLANDER

Uppsala Kraftvarme AB
Box 125

S - 751 04 UPPSALA

H. PILEBRO
Skanska (Turn-key projector)
S - 182 25 DANDERYD
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SUMMARY SHEET: SEASONAL HEAT STORAGE CAVERN/3

TITLE: SEASONAL STORAGE OF HEAT FROM LAKES IN AN ABANDONED FERIOD: 1982
MINE AT KOPPARBERG

g MAIN SUBJECTS OF RESEARCRH:
' § - storage material: YES /! - T A1 0 A A R0
= - storage system : YES /e - 0 T Y i R
- total system : YES /8 - S L L 1 b A G B
1. Material : water
' 2. Density § 998 kg/m3
_ g 3. Specific heat s 4190 J/kg K
é 4. Mean heat capacity : 4,1 HJ/n3 K{ 1 x water)
: g 5. Thermal conductivity : 0.6 W/m X
a9 6. Permeability . n’
L g 7. Operating temperature interval: - g5 °C
@ 8. Price H lm/n3
Properties at temperature : 20 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage volume t 1501000 m3 Storage Ua
shape : . (existing mine)
position: 'S/ below/BSBIRIININGL ground level
= 2. Total heat capacity H MT/X
§ 3. Containment present : YES/NO | Containment UA
: material :
5 4. Insulation present : YES/N0 | Insulation UA
é position insulation :
material :
total volume insulation material: n3
5. Heat exchanger present : YES/NO | Meat exchanger UA
heat exchange rate (theor./exp.): W/K Migcellanecus Un+
6. Annual performance (theor./dgii): 50/ (%) Total system 0.5 MSEK NI
DATA OF TOTAL SYSTEM

TOTAL SYSTEM

The number of heat comsumers in the entire system: District heating

1. Heat consumption system: space heating/domestic hot water/both

space heat load* : NI
hot water load+ : NI
total load* : My
total system load® 1 NI

* per heat consumer per year.
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REFERENCE: /30/ CONTACT: K. WINDEHELD

Hagkonsult AG
Box 1214 N
S - 181 23 LIDINGO
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5.4. Aquifer storage

5.4.1. Aquifer heat storage plant - Artificial aquifer (Germany)
5.4.2, SPEOS project (Switzerland)
5.4.3. 5t. Paul Minnesota, USA field test facility (USA)

5.4.4, Scarborough GOCB - Hot/cold aquifer thermal enerqy
storage (Canada)

5.4.5. Tranas aquifer thermal energy storage (Sweden)

5.4.6. Klippan aquifer thermal energy storage (Sweden)
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SEASONAL HEAT STORAGE

~

SUMMARY SHEET:

AQUIFER/1

* per heat consumer per vear.

TITLE: AQUIFER HEAT STQRAGE PLANT - ARTIFICIAL AQUIFER PERIOD:
:
= MAIN SUBJECTS OF RESEARCH:
2
§ - storage material: YES N0 - theoretical/experimental -
= - gtorage system : YES - theoretical/experimental
- total system : e /NO - theoretieal/experinental
1. Material : processed gravel {porosity ~ 30%)
2., Density 1 2200 kg/m3
E: 3. Specific heat : 800 J/kg K
E 4. Mean heat capacity : 1.76 MI/m> k (04 x water)
= 5. Thermal conductivity r 2.7 W/m X
<) 6. Permeability : 10 n/s o
g 7. Operating temperature interval: 5 - B0 *°C
w 8. Price s UA/ma
Properties at temperature ' °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage volume : 15000 = Storage UA
shape : flat trough
position: ABGNYDelow/Slitiieie ground level
% 2. Total heat capacity 40000 MJI /X
E 3. Containment present H YES/#W0 | Containment UA
3 material : bentonite walls
5 4. Insulation present : YES/H | Ingulation UA
Egn position insulatien = top
material ? dry gravel + asphalt
total volume insulation material: m3
5. Heat exchanger present : radiant drains  YES/N#| Heat exchanger UA
heat exchange rate (theor./exp.): W/K Miscellanecus Un+
6. Annual performance (theor./exp.): (%) Total system UA
DATA OF TOTAL SYSTEM'
The number of heat consumers in the entire system:
1. Heat consumption system: gpace heating/domestic hot water/both
é space heat load* H M
E hot water load* : My
3 total load* : MT
E_D.: total system locad* : MJ
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REFERENCES: /31, 32/

37.00/237.60

Artificial aquifer storage unit

CONTACT:

16,00

0 5 0 5m

Dr. B. WEISSENBACH
Messerschmidt-B&lkow-Blohm GmbH
Dpt. RT 321

Postfach 801169

D - 8000 MUNCHEN 80
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SUMMARY SHEET: SEASONAL HEAT STORAGE

AQUIFER/2

TITLE: SPEQS PROJECT PERIOD: operating
% since June 1982
= MAIN SUBJECTS OF RESEARCH:
5
é - storage material: YES /hé- - theoretical /experimental
2 - gtorage system : YES AW - theoretical/experimental
- total system H ¥XE/NC - tineo iy lienpendmenonl
1. Material : saturated silt + sand
2. Density s ~ 1800 kg/m3
é 3. Specific heat : ~ 1300 J/kg K
é 4. Mean heat capacity : ~ 2.5 HJ/m3 E (05 x water)
3 5. Thermal conductivity : 1 to 2.5 W/m X
8 6. Permeability : 10—“%0 1645 ﬂz (vertical)
g 7. Operating temperature interval: ;g - gg '€
@ 8. Price : va/m>
Properties at temperature : 20 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST {(incl. cost
for labour) 1 UA = 1 US§ 1981
1. Storage volume : BO'O00 m3 Storage Ua
shape (delimited volume) t cylindrical 6 &5 m h = 19fnm well and drains 2500000
position: #kihi/below/piikiwibelon ground level
= 2. Total heat capacity : 150'000 MI/K
E 3. Containment present s MRS /NO | Containment UA
: material :
5 4. Insulation present H MEE /%0 | Insulation UA
é position insulatien :

material : (6 m of earth on top)
total volume insulation material: m3
5. Heat exchanger present : radiant drains YES/ME! Meat exchanger 10'000 UA
heat esxchange rate (theor./di): 17'00C W/K Miscellaneouws 240'000 UA+
6. Annual performance (theor./exp.): 35/ 40 (%) Total system 500'000 Ua

(First cycle)

TOTAL SYSTEM

DATA OF TOTAL SYSTEM

The number of heat comsumers in the entire system:

Pilot storage till 1984

1. Heat consumption system: space heating/domestic hot water/both

space heat load* s
hot water load* :
total load* :
total system load* :

* per heat consumer per year.

EE & &
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CONSUMPTION

~ 0,3 MW
(yearly average)

e waste 8_ L N

® house healing

heat
® solar energy

‘ injection

1production

central well
136,00

tinite element mesh

® tap waler
+ air conditioning

i

(D Storage phase (summer for solar)

(@ Production {winter for solar)
> Possibie auxiliary energy

Figure 39: SPEOS/Storage concept
REFERENCES:

/33, 34, 35/

CONTACT:

Dr. G. SAUGY

Institut d'économie et aménagement énergétiques
Swiss Federal Institute of Technology

EPFL-Ecublens
CH - 1015 LAUSANNE

Prof. A. BURGER

Centre of Hydrogeology of the University of Neuchatel

11, rue E. Argand
CH - 2000 NEUCHATEL 7-
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SUMMARY SHEET: SEASONAL HEAT STORAGE AQUIFER/3
TITLE: St, Paul, Minnesota, U.S.A. Field Test Facility PERIOD: 1980-Continuing
2
=1 MAIN SUBJECTS OF RESEARCH: Aquifer Thermal Energy Storage
‘E - storage material: YES /4D - thooxreimi-asl /exper imental
2 ~ ptorage system YES/H - thesrettesl/experimental
- total system : YES/N® - theoreticald /experimental
1. Material : Sandstone Aquifer
2. Density : 2162 kg/m3
g 3. Specific heat : 837 J/kg K
é 4. Mean heat capacilty : 1.81 HJ/m3 K x water)
=2 5. Thermal conductivity i 2.52 W/m K
8 6. Permeability : 3.42X10_12 2
g 7. Operating temperature interval: 100 - 150 °C
« 8. Price t N/A UA/m3
Properties at temperature : 20 °C
STCORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage volume : 7,36x]05 m3 Storage ua
shape :  Cylindrical
position: abowe/below/pasedy—below ground level
= 2. Total heat capacity : ]_33x]06 MI /K
E 3. Containment present : Confined YES/NO | Containment ua
@ material : anuifer
g 4, Insulation present : EGS[EQ Insulation UA
E position insulatien :
material H
total volume insulation material: uP
5. Heat exchanger present : YES/#® | Heat exchanger Ua
heat exchange rate (theor./exp.}:> 5 MY p27g ¥4 Miscellaneous UA+
6. Annual performance (EEEEEI/C“P')=5O - 80 (%) Total systemm$],5x106UA

TOTAL SYSTEM

DATA OF TOTAL SYSTEM

The number of heat consumers in the entire system: None - field test facility
1. Heat consumption system: space heating/domestic hot watex/both

space heat load* : MJ

hot water load* H

total loagd*

£ & &

total system load*
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Figure 40: St Paul/Block diagram of the ATES site, University of Minnes

REFERENCE:

/63/

CONTACT:

J.R. RAYMOND

Underground Energy Storage Program
Battelle

Pacific Northwest Laboratory

P.0. Box 999

RICHLAND, Washington 99352

USA



SUMMARY SHEET:

ez =
SEASONAL HEAT STORAGE

AQUIFER/4

* per heat consumer per year,

TITLE: SCARBOROUGH G.0.C.B. PERICD: construction
é Hot/Cold aquifer thermal energy storage start Feb. 1983
= MAIN SUBJECTS OF RESEARCH:
- Interaction of building energy requirement with aquifer energy storage and integration of aguifer
& thermal energy storage inte modern building design
g:_) - storage material: YREYNO - MM KM 8 NS T R M A AT
=2 ~ gtorage system : YES AW - theoretical/experimental
- total system : YES /¢ - theoretical /experimental
1. Material ? aquifer - sand, gravel, water (porosity 28%)
2. Density . 2670 kg/m3
= 3. Specific heat : I/kg X
| E 4. Mean heat capacity : 2.03 HJ/m3 K ( x water)
§ 5. Thermal conductivity ; 1.56 W/m X
4
) 6. Permeability e 2.72 10 m’s transmissivity 200 m2/day
g 7. Operating temperature interval: & - 50 °C storage coefficient 2.3 10“4
v 8. Price . m,u,m3thir.kness ~ 10 m
Properties at temperature s °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage volume for one doublet s 530'000 o> Storage § 200'000 UA
WHNEE distances between wells : 130 m and 65 m CON$ 1983 (2 cold wells 60 m
deep)
: d
position: WWBEWE/ below/HEMEANMNBERIOW ground level § 201000 (2 hot wells 40 m deep
E 2. Total heat capacity H MI /X
E 3. Containment present t aquitard clay YES/M0O | Containment UA
:: material t .71 W/mK
5 4. Insulation present : 10 n thickness YES/WO | Insulation no cost UA
g position insulatien + above and below aguifer
material . clay
3 1501000 $ cold
total volume insulation material: m 1001000 § hot
5. Heat exchanger present 3 YES MO | Meat exchanger UA
heat exchange rate (theor./exp.): WK Miscellanecus UA+
6. Annual performance (theor./exp.): (%) Total system UA
DATA OF TOTAL SYSTEM
The number of heat congumers in the entire system: | pyilding
1. Heat consumption system: space heating/domestic hot water/WMbh cooling
5 space heat load* : 17 .
I cooling load 10 TJ
> hot water load® 2 0.6 TJ >
é total load* : MJ
H
8 total system load* : 11.4 T4 MF




M (CONTINUED)

TOTAL SYSTE

«e« OQlalr Nedl CelleCltlhg SYystem

Solar cellectors : 750 central MREECHEBGWE

-2 / x m2

- collector area

- type ¢ evacuated tube, roof
Short term heat storage: cmtralMﬂ&WﬁbM&MﬂMW!J
~ storage volume s 600 ‘ m3 / x m3
- storage material ! water hot in winter, cold in summer
Total cost o Ua
3, Seasonal heat satorage resevoir (see above)
Total cost s UA $ 200'000
4. Heat transfer piping network :
- total length : m
- heat loss rate 3 w/K'mpipinq
Total cost : Ua
5. Auxiliary heating: central Adimsthsiimomedyinmey pmese
- type t electric heat pump + resistance heating
- power installed t 514 kW / x kw
Total cost : Ua / X CA
6. Electrical power for pumps : 216 kW  lights 21 W/m2
Total power installed : kW fans 487 kW
7. Total cost CDN$ 1983 550/mn3 -~ $ 3857000
- solar heating system : Ua
- conventional heating system : UA

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/HEHBHAMMHMKHAY

Results are given for this location TORONTO - Ontarie

Latitude: 439471 Longitude: 790151y

Climatological data for leocation :

-~ global irradiation : 5019 MJ/m2 (1390 kWh/mz)

- number of degree days : 4000 ; temperature below 1§ °C

1. Total system load : MJ

2. Total solar contribution : 2.2 105 MI M N M R vt )
idem per mz collector t 3000 MJ {833 kW'h/mz)

3. Total auxiliary heating : MY

4. Total electricity consumption : kWh

PRIMARY ENERGY SAVED

Fuel: Fuel price; $ 0.05/kuh

1. Primary energy consumption for conventional system :

2. ldem for sclar heating system with seascnal heat storage:

Frimary energy saved : 3 Gkh
Resumé:
Primary energy saved: 3 GWh =f $ 150'000 CDN 1983 annual saving
Extra system cost ¢ $ 3501000 1379
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REFERENCES
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SUMMARY SHEET: SEASONAL HEAT STORAGE

AQUIFER/S

a
TRANAS AQUIFER THERMAL ENERGY STORAGE

* per heat consumer per year.,

TITLE: PERIOD: 1982
x
5 MAIN SUBJECTS OF RESEARCH:
; - storage material: YES /i - SN Rt M N M N B LM M
E - Btorage system YES A48 - M IAEAEN I N M DD LN ML
- total system : YES Al - I BN 10 0 LR IO 1 L e L.
1. Material : sandy gravel on bedrock
2. Density : 2200 kg/m3 {saturated soil}
| E 3. Specific heat : 1700 J/kg K
| ; 4. Mean heat capacity : 3.7 H.J/m3 K { X water)
" § 5. Thermal conductivity 2.7 W/m X
= 6. Permeability : 1070 2
g 7. Operating temperature interval: 5§ - 18 °c
v B. Price : 10 SEK UA/m3
Properties at temperature : 20 °C
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST {(incl. cost
for labour)
1. Stcrage volume : 1.8 105 m3 Storage 4 4 MSEK CA
shape : about 250 x 650 x 10
position: XXoMENbelowiitmineiyrbedimw ground level
= 2. Total heat capacity . 6 10° MI /X
3_ 3. Containment present H MEE /NO | Containment UA
,;— material :
g 4. Insulation present : MBE/RC [ Insulation UA
; position insulation
N material :
total volwume insulation material: m3
5. Heat exchanger present : YES/NC | Aeat exchanger 1.2 MSEKIM
heat exchange rate {theor./exp.}: W/X Miscellaneous 4.0 MSEKMM
6. Annual performance (theor./esp.): s 60/- {%) Total system g 6 MSERMM
CATA OF TOTAL SYSTEM
Trhe number of heat corsumers in the entire SYSte‘:Hgts‘gg’icpgegﬁggmsigtngEEETOEOSU
1, Heat consumption system: space heating/domestic hot water/both wellings
i space heat lcad* mJ
%-; hot water load+ : MJ
= total loaadr : MT
§ total system load* : MJ
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SUMMARY SHEET: SEASONAL HEAT STORAGE

RQUIFER/6

6. Annual performance {theor./esp.): 60/-

(%)

TITLE:  KLIPPAN AQUIFER THERMAL ENERGY STORAGE PERIOD: 1582
; MAIN SUBJECTS OF RESEARCH:
§ - storage material: YES AN - theoretical ¥engHel s e ns
5 - storage system YES AN - theoretical /BHtH H RN M
- total system : YES Aty - thecretical /B K MNkEN M
1. Material ! sandy gravel on bedrock
2. Density : 2200 kg/m3
= 3. Specific heat : 1700 J/kg X
; 4. Mean heat capacity r 374 HJ/m3 E ( x water)
:E 5. Thermal conductivity : 2.7 W/m X
= 6. Permeability : 3Jﬂ_10 nz
g 7. Operating temperature interval: 5 - - 18 *c
v 8. Price : 15 SEK #i/m>
Properties at temperature : 20 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COoST {incl. cost
for labour)
1. Storage volume : a0 110 m3 Storage 12.5 MSEK 653
shape : 350 x BOO x 4
position: HBHNME/Delow AEAtIMNBEDONY gTound level
= 2. Total heat capacity : 4106 MI /K
; 3. Containment present : WEE/NO | Containment ta
? material 3
g 4. Insuvlation present : EER&/RC | Insulation CA
_§n position insulatien
N material :
total volume insulation material: m3
5. Beat exchanger present : YES/M}| Heat exchangerl.5 HSEKWim
heat exchange rate {(theor./exp.): W/K Miscellanecus 1.0 MSEKMIM

Total system 15,0 MSEK UM

SYSTEM

TOTAL

CATA OF TOTAL SYSTEM

The number of heat consumers in the entire systen:é

1. Heat consumption system: space heating/domestic hot water/both

space heat Jload* :
hot water load* :
total loaad* :

total system loadt :

* per heat consumer per year.

1str

E & & &

be s steﬁ will be connected
e

tg a
ating system g;gglﬁngg




TOTAL SYSTEM (CONTINUED)

Solar heat cellecting system'
Solar collectors

- collector area

- type

Short term heat storage:

.

central/distributed

-2 / x mz

i
central/d:.stributed/not pres!
3

- storage volume : m / x m
- gtorage material : 1
Total cost : Ua
3. Seascnal heat storage resevoir {see above)
Total cost : UA |
4. Heat transfer piping network :
= total length : 6000 @ }
- heat loss rate t low W/K'mpiping
Total cost : 6.0 NSEX UA
5. Auxiliary heating: central/distributed/not pres
- type R |
~ power installed : 4000/6000/1400 kW / x kW
Total cost : 4 [ B [ 14 MR MSEK / X ua
6. Electrical power for pumps : kW I
Total power installed : KW
7. Total cost l
- solar heating system t 20 HMSEK UA
- conventional heating system : i0 MSEK TA J'
ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL k
Results are given for this location 1
Latitude: longitude:
Climatological data for location :
- global irradiation : MJ/m2 { kW‘h/mz} !
- number of degree days : : temperature below °C
1. Total system load : MJ I
2. Total solar contribution : MI { % of load) I
idem per m2 collector H MT kWh/mz)
3. Total auxiliary heating H MT
4. Total electricity consumption : kwh
PRIMARY ENERGY SAVED
Fuel: Fuel price:
1. Primary energy consumption for conventicnal system : 600 llZIﬁ

Idem for solar heating system with seasonal heat storage: 300 105 -

2.

Resumé:

Primary energy saved: 300 105 MJ
Extra system cost : 10 MSEK

Primary energy saved :

300 10[i

UA
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Earth storage

The Groningen project (the Netherlands)
The Vaulruz project {Switzerland)
SUNCLAY - Project at Kungsbacka (Sweden)

Heat piles for foundation and heat storage,
Huddinge (Sweden}

Energy storagerin clay, Upplands Vasby (Sweden)
Alternativenergieprojekt, Innsbruck-Kranebitten (Austria)

Seasonal solar coupled ground storage, CCR - Ispra (EC)
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SUMMAERY SHEZT: SEASCHAL HEAT STORAGE - EARTH/1
TITLE: THE GRONINGEN PROJECT PERIOD: 1332 - 13888
u
g MAIN SUBJECTS OF RESEARCH:
5
§ - storage wmaterial: YES /AT - thecretical/experimental
= - storage system : YES/®8 - theoretical/experizental
- total syctem : YES A% - theoretical/experizental
1. Materdial + Saturated sand with clay and peat layers
2. Density H 2080 kg/m3
3 3. Specific heat . 1300 I/%g X
é 4. Mean heat capacity : 2.7 MJ/m3 X (0.84% water)
B 5. Thermal conductivity : 1.5 =-2.2 W/m K
5 6. Fermeability $0.5- 2% 701’
g 7. Cperating temperature interval: 25 -~ 60 °c
« 8. Price : - UA/:::3
Propertlas at temperature : 10 °C
STORAGE COWTAIMER AND CCMPONENT PEFRFCRMANCE CCST (incl. cost
for labour)in DFL 1983
1. Storage vclimue a3 020 n> Storage 39 000 Ua
shape H
position: SEiemes/be] ow ipieteckueedaaizey cround level
= 2. Total heat capacity 3 g2 000 Mo/
; 3. Containment present : ¥Z$/W0 ] Containment —— UA
f material
% 4. Insulation present : YES/KE | Insulation I00 820 pa
E position insulztion top, cverlacping
caterial Ffoam glass
total volwme insulation material: 270 m3
5. Heat exchanger present : YES/K3 | Reat exchanger 123000 Ua
heat exchange rats (theor./&¥¥): 40 000 W/K Miscellaneous 18000 gn-
6. Annual performance {theor./&%57);: 62 (%) Total system S33000 gy
DhTA OF TOTAL SYSTEM

TOTAL. SYSTEM

The nunmber of heat consumers in the entire system: 96 houses (low terperatura

1. Heat consumption system:

space heat load~*
hot water loads*
total load*

total systesm load

radi@ oY heating

space heating/domestic hot water/both

36 000 17

7 200 .
43 200 M3
.1 % 30" W




TOTAL SYSTEM (CONTLINUED)

- 142 -
2. Solar heat collecting system

Solar collectors :

w/distributed

- collector area =2 / 96 x 25 m2 ]
- type : High perjormance solar collector

Short term heat storage: central/qESRRTHOUEGIAGE )5
~ storage volume {CST) H 100 m3 /S T ox ~ m3 2
-~ storage material : water

Total cost 3 1 100 000 un  (CST of 80.000 UA inA

3. Seascnal heat storage resevolr (see abecve)

Total cost 333 000 UA )
4. Heat transfer piping network : )
- total length : 1 800 m !
- heat loss rate : 0.2 w/K'mpiping 1
Total cost : 130 000 UA
5. Auxiliary hsating: central/distributed/ nEEyys
~ type : gas botler for space heating/gasboile:
- powar installed : 850 kW /S 898 x 1.5 kW ﬁ
eai cose (BGTlen IS 8 - oon o /o x ! w
6. Electrical power for pumps : - kW (included in 2) 1
Total power instaliled : - kW
7. Total cost
- solar heating system : 1 673 000 UA (
- conventional heating system : 238 000 va  (distributed)

ANNGAL ENERGY FLOWS IN TOTAL SYSTEM: THEQRETICAL/EXPERIMENTAL

Results are given for this lecation D2 S1it, [A8 NEeLRErLands

1
Latitude: 52° 6 Jorth longitude: §° 111 East

Climatological data for lecation

— global irradiation : 3 300 HJ/m2 (910 kWh/mz) {
- number of degree days : 3 000 ; temperature helow 18  °j
A .
1. Total svstem lcad . 2.10 1078 My
2. Total solar contribution : 2.75 10+6 MI { g7 % of lecad)
. - 2
idem per m collector : 1150 M3 {320 kWh/mz)
+
3. Total auxiliary heating : 1.35 10 6 MT
4. Total electricity consumption : 80 000 kWh
PRIMARY ENERGY SAVED
Fuel: Fuel price:

1. Primary energy consumption for conventiocnal system

2. Idem for solar heating system with seasonal heat storage:

Primary energy saved :

Fesumé:

Primary energy saved:

Extra system cost :

UA
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Figure 44: Groningen/The heat storage system
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I
= A A i - 7T
i INSULATION (
C.5.7
) N O
NN (100 4 ,
|
i HEAT EXCHANGER (
l
* 1
! poly butene tubes ]
| 20 x 16 mm
I
UoU U U | bbuu !
!
|
|
SCHEME OF THE SCASONAL HEAT STORAGE 2ESERVOIR YITH J
A CENTRAL SHORT TER® STORAGE RESERVOIR (C.5.7.)

Characteristics

- dimensions

1

total volume

total heat capacity

REFERENCES

/38, 39, 40, 41/

eylindrical; vertical axis

diameter 38 m, depth 20 m 1
3

23.000 m

82.000 MJ/K

CONTACT i

A.J.Th.M. WIJSMAN

C. DEN QUDEN

Institute of Applied Physics TNO-TH
P.0. Box 155

NL - 2600 AD DELFT

J.W. DE FEIJTER

Delft Soil Mechanics Laboratory
Stieltjesweg 2

NL - 2628 CK DELFT



SUMMARY EHEET: SEASONAL HEAT_S'II‘SgﬁG_E EARTH/2
TITLE: THE VAULRUZ PROJECT PERICD: operating since
"¢ 1982
; MAIN SUBJECTS CF RESEARCH:
-f: - storage material: YES A0 - thecretizal /experimental
:"-E - storage system YEE Ml - thecrecical/experimental
- total system : YES M¥H - theoretical /experimental
1. Material : sandy gravel with clay
2. Density : 2200 kc_;/m3
E- 3. Specific heat : 900 J/kg X
' _f_ 4. Mean heat capacity : 2.0 MJ/m3 K (0.5 x water)
;E S. Thermal conductivity : 1.5/2.0 w/m X
3 6. Permeability : mz
g 7. Operating temperature interval: 5 - 50 "¢
& 8. Price t 0 UA/m3
Properties at temperature : 20 °C
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST {incl. cost
for labour) 1 UA =1 US§ 1980
1. Storage volume : 3500 m3 Storage 60'000 UA
shape : pyramidal
position: WbiHHE/Delow panelyibelme ground level
= 2. Total heat capacity 7 7000 MI /K
E 3. Containment present : YES/¥W® | Containment 201000 UA
f material 3 vapour barrier
g 4. Insulation present : YES/Mfy| Insulation 30'000 UA
E: position insulation : roof and walls
material ¢ expanded polystyren
total volume insulation material: 4,4 m3
S. Heat exchanger present i polyethylen tubes YES/W2 | Heat exchanger 20'000 UA
heat exchange rate {(theor./exp.): W/X Miscellaneous 40'opp Ua+
&. Annual performance (theor./esp.): 65 (%) Total system 170t000 UA
DATA OF TOTAL SYSTEM
The number of heat consumers in the entire system: | paintenance center
1. Heat consumption system: space heating/domestic hot water/both
§ space heat load* $1'111'500 M
i:;; hot water load* : 116'500 %)
= total load* : MmJ
§ total system load* $ 112281000 N
* per HEENNIEOMMUIGH MBI WEBEN design year and average utilization conditions




TOTAL SYSTEM (CONTINUED)

L

2. Solar heat cellecting system' H

Solar collectors :

S1¢

2 2

eceantral/distributed I
m / x 4

flat plate, double glazing, tilt 380

2

water + glycol

- collector area H
- type :
Short term heat storage: for heat pump
- storage volume :
- storage material H
Total cost s

Total cost :

4. Heat transfer piping network
- total length :

« heat loss rate (max.)

Total cost

S. Auxiliary heating:

- type
- power installed

(1]

Total cost

~ 3. Seasonal heat storage resevoir {see above)

1701000 US$ 1980

in the storage
8000
~ 4

20'000

oil burner
340

6. Electrical power for RMtWNH heat:pump: &4

Total power installed :
7. Total cost

- solar heating system

- conventional heating system :

4431000

central/ﬂﬂﬂﬁﬁ%ﬂﬂﬂﬂﬁﬂﬂﬂmMpmug

m3 / x m3

UA

n |
m of polyethylen tubes (
W/K'mpiping

UA i

centralAM@MﬂMﬁMﬂmmnm

|

kw / x kW

UA / x ua |
kW |
kW

UA including back-up systenm
UA l

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL

Results are given for this location VAULRUZ

Latitude: 46°38'N Longitude: §°58'F
Climatological data for location : Vaulruz ‘
- global irradiation hgrizontal T 4738 lo!J/m2 (1180 kWh/sz *
- number of degree days 18/10°C : 3886 ; temperature below 1§85 °C
1. Total system load : 11288000 MT \
2. Total solar RdAtbEEERAEE " 12 E 12" 1061000 MI ( 65 % of load)

idem per m2 collector : MJ (390 kWh/mz)colleMmd per ye.
3. Total auxiliary heating : 4321000 MI by 0il burner
4. Total electricity consumption : 66'000 kwh by heat pump
PRIMARY ENERGY SAVED
Fuel: Fuel price:
1. Primary energy consumption for conventional system :

2. Idem for solar heating system with seasonal heat storage: -

Resumé:
Primary energy saved:

Extra system cost H

Primary energy saved :

UA
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REFERENCES

/42, 43, 44/

CONTACT

SORANE SA
Route du Chatelard 52
CH - 1018 LAUSANNE
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SUMMARY SHEET: SEASONAL HEAT S‘llO}‘Q’AGE EF\RTH/3

* per heat consumer per year.

TITLE: SUNCLAY PROJECT AT KUNGSBACKA PERIOD: in operation
since 1980
MAIN SUBJECTS OF RESEARCH:
- storage material: YES /M - theoretical /fexperimental
- storage system : YES M - theoretical /experimental
- total system H YES /MM - theoretical /experimental
1. Material : pipe system in natural clay
2. Density : 1.6 kg/m3
2 3. Specific heat : 2300 J/kg K
; 4. Mean heat capacity s 3680 MJ/m3 E { x water}
| § S. Thermal conductivity : 1.0 W/m X
g 6. Permeability : n2
§ 7. Operating temperature interval: / - 15 *C
“ 8. Price : 12 SEK OA/m>
Properties at temperature s °C
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST {incl. cost
for labour)
1. Storage volume T 851000 m3 Storage 0.5 MSEK LA
shape . 36 x 68 x 35
position: above/below/partly below ground level
T 2, Total heat capacity : 310-106 MI /K
E 3. Containment present : NE3/NC | Containment UA
:; material :
g 4., Insulation present : YESHMD | Insulation Ua
i‘: position insulatien i above
- material . expanded burned clay
total volume insulation material: 100 m3
5. Heat exchanger present : YES/WC | Beat exchanger(.5 MSEKRM
heat exchnnée rate (theor./exp.): WK Migcellaneous Ud+
6. Annual performance (theor./exp.): (%) Total system 10 MSEK HR
DATA OF TOTAL SYSTEM
The number of heat consuwers in the entire system: ; school building
1. Heat consumption system: space heating/domestic hot water/both
g space heat load* : MT
E hot water loagd* : MT
= total load* 3 M
E total system load* H 4.105 N




M (CONTINUED)

TOTAL SYSTH

B AN

Solar heat cellecting system
Solar collectors

- collector area

- type

Short term heat storage:

- storage volume

- gstorage material

Total cost

Seasonal heat storage resevoir (see above)

Total cost

Heat transfer piping network
~ total length

- heat loss rate

Total cost

Auxiliary heating:

- type

- power installed

Total cost

Electrical power for pumps
Total power installed
Total cost

- solar heating system

- conventional heating system

o

.

-
H

contral AN i iR (
2
1500 = / x m
plate, integrated in the roof i
cantral XERUMAHN A BN BN M ity
3 3
m / x m
i
0.4 UA
ua 1
. (
W/K.m P
piping
UA ‘
central/distributed/not pres:
heat pump, diesel engine 1
kW / x kw
UA / x Ua l
kW !
kW
!
|
UA
UA

ANNUAL ENERGY FLOWS IR TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL

Results are given for this location

Latitude:

Climatological data for location :

Longirude:

- global irradiation = 3400 MJ/m2 { 940 kWh/mz]

- number of degree days : ; temperature below °c

1. Total system load : My

2. Total sclar contribution : MI ( % of load)

idem per rn2 collector £ 1700 MF {485 kWh/mz)

3. Total auxiliary heating : My

4. Total electricity consumption : kWh

PRIMARY ENERGY SAVED

Fuel: 0il Fuel price:

1. Primary energy consumption for cornventional system t 155 @3 oil

2. Idem for solar heating system with seasonal heat storage: _110 m3 oil -
Primary energy saved i 45 m3 oil

Resumé:

Primary energy saved:

45 m3 o1l

Extra system cost H

UA
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Figure 46: SUNCLAY/Energy system schematic
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Figure 47: SUNCLAY/Principal section of the ground storage
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SUMMARY SHEET:

- 1563 -
SEASONAL HEAT STORAGE

EARTH/4

TITLE:  WEAT PILES FOR .FOUNDATION AND HEAT STORAGE, HUDDINGE PERIOD: 5, gperation
- since 1981
g MAIN SURJECTS OF RESEARCH:
2
;; - storage material: YES M9 - thecoretical /experimental
= - storage system : YES MRO - theoretical/experimental
- total system YES M8 - theoretical /experimental
1. Material ! clay and silt
2. Density T 1800 kg/m3
Ec: 3. -Specific heat 350 J/kg K
§ 4. Mean heat capacity t 0.63 MJ/m3 K { x water)
§ 5. Thermal conductivity : 1.3 W/m X
2 6. Permeability s 10 m’
g 7. Operating temperature interval: 7 - 30 °c
v 8. Price t 7 OSEK UA/m3
Properties at temperature : 20 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage volume : 1500 m Storage 107000 SEK UA
shape :
position: mbowme/belowfpambiwyibeley ground level
= 2. Total heat capacity : MY /K
;_:1 3. Containment present 3 YH¥/NO | Containment UA
: material :
g 4. Insulation present : YESH®M| Insulation 31000 SEK UA
§1 position insulation ' above
material . mineral wool
total volume insulation material; 5 m3
5. Heat exchanger present : ¥MS /N0 | Feat exchanger UA
heat exchange rate (theor./exp.}: W/X Miscellaneous?'000 SEK W%
6. Annual performance (theor./exp.): 50/- {%} Total system 15'000 SEK O
DATA OF TOTAL SYSTEM
The number of heat corsumers in the entire system: gne dwelling
t. Heat consumption system: space heating/domestic hot water/both
é space heat locad* : 54.103 M
Eﬁ hot water load* : 13.103 MT
S total load* : 67.102 MJ
E total system load* 3 54.10 MJ

* per heat consumer per year.




Figure 48: Huddinge/Seasonal storage of solar energy in clay
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SUMMARY SHEET: SEASONAL HEAT STORAGE EARTHYS
TITLE; ENERGY STORAGE IN CLAY, UPPLANDS VASBY PERIGD: 1982/83
=
g MAIN SUBJECTE OF RESEARCH:
§ - storage material: YES /AW - thecretical /emme fmvem sl
':E - storage system YES MEH - theoretica M| o imven ki
- total system : YBE /NO - theoretical /remeii xrimmem i
1. Material ! pipe system in clay
2. Density : 1.6-1.8 kg/m3
= 3. Specific heat : 1.9 107 J/kg K
; 4. Mean heat capacity t 3,24 MJ/m3 K X water)
F 5. Thermal conductivity T 1.29 W/m X
E 6. Permeability 2 - llz
§ 7. Operating temperature interval: 4 - 25 °c
» 8. Price t 130 SEK UA/m3
Properties at temperature : 20 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST {(incl. cost
for labour)
1. Storage volume : 1001000 m3 Storage 3.1 MSEK CA
shape $ 300 x 25 x 13
position: ABMWW/Delow/paieduMibeiom ground level
= 2. Total heat capacity : 325 103 M3 /X
? 3. Containment present : YES/NO | Containment UA
'F materjal :
g 4. Insulation present : YES/RC | Insulation 0.4 MSEK MMM
E position insulatien * on top
material : buret expanded clay
total volume insulation material: 1100 m3
5. Heat exchanger present : YES /M| Aeat exchanger 1.6 MSEKMM
heat exchange rate (theor./exp.): W/K Miscellaneous 0.3 MSEKMMH
6. Annual performance (theor./exp.): (%) Total system 5.4 MSEKA#M
DATA OF TCOTAL SYSTEM
Tr.e number of heat consumers in the entire system: gne factory
t. Heat consumption system: space heating/domestic hot water/both
§ space heat icad* NI
‘;.; hot water load* : MJ
= total load* H M7
E total system load* : MJ
* per heat consumer per year.
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SUMMARY SHEET: SEASONAL HEAT STORAGE EARTH/6
TITLE: ALTERNATIVENERGIEPROJEKT INNSBRUCK PERIOD:
_‘ % KRANEBITTEN
= MAIN SUBJECTS OF RESEARCH:
ﬁ - storage material: ¥BS /NO - thecretical/experimental
- -~ gtorage system : YES /%8 - theoretical/experimental
- total system : YES/Ni¢ - theoretical /experimental
1. Material +  GRAVEL
2. Density : 2,3 kg/m3
- § 3. Specific heat : J/kg X
E 4. Mean heat capacity : 1.3 m/na K { x water)
= 5. Thermal conductivity : 1.5 W/m X
2 6. Permeability : m>
g 7. Operating temperature interval: -5 -10 *C
@ 8. Price : 25 AUS vA/m®
Properties at temperature ¢ 10 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST {incl. cost
for labour)
1. Storage volume s 60'000 m3 Storage oa
shape t 110 x 55 x 10 m
position: dNE/Delow/Padby-Rebow ground level
= 2, Total heat capacity t 90'000 MI/K
E 3. Containment present : S /N0 | Containment UA
: material :
5 4. Insulation present ] W /M0 | Insulation A
é position insulation :
material :
total volume insulation material: m3
5. Heat exchanger present : YES/N¢ | Heat exchanger UA
heat exchange rate {theor./emesd: 156'000 W/K Miscellanecus UA+
6. Annual performance (theor./s¥pl): 135 % (%) Total system UA
DATA OF TOTAL SYSTEM

TOTAL SYSTEM

The number of heat comsumers in the entire system: !

1. Heat consumption system: space heating/domestic hot water/both

space heat load* 1.9 105 NJ
hot water load* £ 2.5 10E MT
total load* sh6 10 uI
total systam load* H MF

* per heat consumer per year.




TOTAL SYSTEM (CONTINUED)

5.

6.

7.

Solar heat cellecting system
Solar collectors

- collector area

-type

Short term heat storage:

~ storage volume

- storage material

Total cost

400

(EPDM) uncovered

40
WATER

Seasonal heat storage resevoir (see above)

Total cost

Heat transfer piping network
= total length

- heat loss rate

Total cost

Auxiliary heating:

- type

- power installed

Total cost

Electrical power for pumps
Total power installed
Total cost

- solar heating system

- conventional heating system

241000

0IL +
231+

central /s Ebusesi X

-2 / x mz

R

central/distributed/not pres

m3 /! X m3 ‘

UA
UA

m (¢ 20 mm)
W/K'mpiping
Ua

central /dinpbedivwtedimi—rren

HEAT PUMP ‘

350

kW / 3 kw
ua / x UR
kW
kW

UA
UaA

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THECRETICAL/EXPERIMENTAL

Results are given for this location

Latitude: 4B° 15' N Longitude: 169 22' E

Climatoclogical data for location :

- global irradiation i 31017 HJ/m? { kWh/m2)

- number of degree days : 31235 : temperature below 12 °¢

1. Total system load I A 10ﬁ MT

2. Total solar contribution : 2.3 10 MT ( % of load)
idem per m2 collector + 5.7 103 MY { kwh/mz)

3. Total auxiliary heating $10.8 103 M7

4. Total electricity consumption : 443'000 kwWh

PRIMARY ENERGY SAVED

Fuel: Fuel price:

1. Primary energy consumption for conventional system 3

2, Idem for solar heating system with seasonal heat storage: -

Primary energy saved :

Resumé:
Primary energy saved: 63 %
Extra system cost : 5.5 1(}6 AUS

UA
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Heat Capacity Conductivity
(MI/m*K) (W/mK)
1.76 1.51

SAND Register 1 -3n Q O 1.70 O Q O1.7 O

SAND Regist.e;:z m ) O 1,70 O O 61.7 :O

Figure 49:

>

Kranebitten/Soil storage schematic (vertical cross section)
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SUMMARY SHEET: SEASONAL HEAT STONAGE EARTH/?
TITLE: SEASONAL SOLAR COUPLED GROUND STORAGE FERIOD:
CCR - ISPRA
¥AIN SUBJECTS OF RESEARCH:
- storage material: YES /AP - theoretical/experimental
- storage system : YES,%JR - theoretical/experimental
- total system : YES,'&E%% - theoretical/experimental
1. Material
Clay soil 3
2. Density t1.o-1.5-103 kg/m
3. Specific heat :1.2-2.9-103 J/kg K
4. Mean heat capacity ] .4-4.3 MJ/m3 K { X water)
S, Thermal conductivity :0.6-1.5 W/m K
6. Permeability : m2
7. Cperating temperature interval: 5 - 80 °c
8. Price : UA/m3
Properties at temperature : °C
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (inc¢l. cost
for labour)
1. Storage volume T 2250 m3 Storage CA
shape . cubic
position: abeyesbelewiAPa il below ground level
2. Total heat capacity : MI /K
3. Containment present : YBESYNO | Containment UA
material :
4. Insulation present : YES/H@ | Insulation UA
position insulation "on top
material texpanded clay
total volume insulation material: 50 m3
5. Heat exchanger present tvertical tub&ZESNO| Heat exchanger ua
heat exchange rate (theor./exp.)}: W/K Miscellanecus Un+
6. Annual performance {theor./exp.};: (%) Total system UA

DATA OF TOTAL SYSTEM

The number of heat consumers in the entire system: gimulated load
1. H.at consumption system: space heating/domestic hot water/both
space neat lcad* : MJ
hot water load*

total load*

& & &

t l¢ :
total systess lpad* 280.103




TOTAL SYSTEM (CONTINUED)

162 -

2. Solar heat collecting system
Solat collectors
- collector area : 180
- type

Short term heat storage:

flat plate,

- storage volume : 8
- storage material water
Total cost
3. Seasonal heat gtorage resevoir (see above)
Total cost :
4. Heat transfer piping network
- total length : 75
- heat loss rate

Total cost . :

5. Auxiliary heating:

- type * heat pump
- installed
power insta 30
Total cost
6+ Electrical power for pumps : 3

Total power installed :
7. Total cost
- solar heating system :

- converntional heating system :

ccntral/%ﬁiﬂ&&ﬁﬁ%@ﬁ {

2

2
] / XXX ME XXX ,

single glazing, incl.&
central/distributed/not pres

m3 7/ x m3 {

Un {

UA {

m

W/K.m |, ‘
piping .

UA

central/distributed/not pre

un / x

kW / &xxx%ﬁ& heaj

KW
o |

UA I
uA

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL ‘

Results are given for this location

Latitude: o Longitude: g©
45°N g 8 E
Climatological data for location
- global irradiation horiz. : 4200
~ numhar of degree days : 2500
1. Total system load :280..103
2. Total solar contrirution : BO%
. 2 \
idem per m" collector ‘350
3. Total auxiliary heating P -

4. Total electricity consumption : 15.1103

I/ dmax w
; temperature belew 19 °¢
MT

MT % of load?

Mk (  kWh/m®)

MJ

kiwh

PRIMARY ENERGY SAVED

Fuel;

'y

>

Fuel price:

. Primary energy consumpiion for conventinnal system :

2. Idem for solar heating system with seasonal heat storage: -~

Primary energy saved

Primary energy saved:

Extra system cost H

UA
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5.6.1.

5.6.2.

5.6.3.

= I6a -

Rock storage

Multiple well system at Lulea (Sweden)
SUNSTORE project, Stora Kuggan (Sweden)

Sédertuna - Alternative C: Multiple well system {Sweden)
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HEET:

SMMAREY S SEASUMNAL HEAT oTURASE ROCK/1
o v
TITLE MULTIPLE WELL SYSTEM AT LULEA PERICT: under construction
1982/83
- MAIN EUBJELTE COF RESEARCH:
- storage material: YES AHIN thecretizal ‘experimental
E -~ gtorage systex YEE M0 - theoretical ‘experimental
I - total Ssystem YES AR thecrezical ‘experimental
1. Material t granite
2. Density t 2610 kg/n3
< 3. Specific heat : 800 J/kg X
z_; 4. Mean heat capacity r 2.16 M.L'/m3 K { x water)
= £, Thermal conductivity : 3.5 wW/m X
E 6. Permeability - !2
: 7. Operating temperature interval: 10 - 70 ‘c
g B. Price : UA/n3
Properties at temperature : 100 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COET {incl. cost
for labour)
1. Storage voliuame : 1001000 m3 Storage 3.9 MSEK A
shape . 44 x 36 x 60
‘ position: MENRWE,Delow/MEERIMMMSEMN ground level
P 2. Total heat capacity : 0.22 106 »J /X
f 3., Cortainment present : YES/NQ | Containment Ca
’ material :
g 4. Inpclation present : YEE/WC | Ingulation UA
; position insulatien :
B material :
) total volume insulation material: m3
: . Feat exchafger present : , YES,NC | Beat exchanger 0.15 MSERHK
: heat exchange rate (theor./exp.): 200 10 w/X Migcellanecus 0.35 MSEKREK
€. Annual performance (theor./exp.): 0.6-0.8/ () Total system 4.4 HSEXAR
CATA OF TCOTAL SYSTEM
P Tr.e nutber of heat consumers in the entire system: a scheol building
1. Heat consumption system: space heating/domestic hot water/both
§ space heat load* NI
E-: hot water load* : MJ
= ~total lcad* : LN
E total systex load* : NI

* per heat consumer per ysar.




TOTAL SYSTEM (CONTINUED)

{ L. Solar heat CelleCting systsm

Solar collectors : central/distributed 1
- collector area : -2 / x uz
- type H
Short term heat storage: central/distributed/not prese
= storage volume : n3 / x n3
- storage material : r
Total cost o : UA
. 3. Seascnal heat storage resevoir (see above) (

Total cost t bk MSEK A

4. Heat transfer piping network :
- total length : 230 = (
- hegt loas rate s low w/x'mpiping
Total cost T 0.2 MSEK UA i

5. Muxiliary heating: central/distributed/not preser
- type . beat/disteict |
- power installed : 300 {2000 kW / x kW
Total cost : 0.4 MSEK MER / x UA

6. Electrical power for pumpa T o5 kW l
Total power installed : 100 kW

7. Total cost
= solar heating system P 5.0 MSEK A
- conventional heating system : UA

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL

Results are given for this location !

Latitude: Longitude:
Climatclogical data for location :
- global irradiation s M.:f/m2 { kﬂh/mz)
- number of degree days t 6250 ; temperature below 25 °C
1. Total system load : MT
2. Total sclar contributien : My | % cf load)
idem per mz collector : MI ( kW‘h/mz)
3. Total auxiliary heating 1 2.2 106 My
4, Total electricity consumptioen : 250 10 . kWh

PRIMARY ENERGY SAVED

Fuel: Fuel price:
1. Primary energy c¢onsumption for conventional system 3
2. Idem for solar heating system with seasonal heat storage: -

Primary energy saved :
Resumé:
Primary energy saved:

Extra system cost H UA
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SUMMARY SHEET:

/1 =
SEASONAL HEAT STORAGE

ROCK /2

* per heat consumer per year.

TITLE: SUNSTORE PROJECT, STORA SKUGGAN PERIOD: 1982
g MAIN SUBJECTS OF RESEARCH:
§ - gtorage material: YES /M - theoretical fempmnimemtnl
o - storage system YES /W01 - theoretical Memope s dimme e
- total system : YES /M0 - theoretical Mo e e
1. Material * gneiss and granite
2. Density z 2540 kg/ln3
| g 3. Specific heat : 800 J/kg K
| E 4. Mean heat capacity : 2.1 MJ/m3 E X water)
S 5, Thermal conductivity : 3-3.5 W/m K
8 6. Permeability : - n2
i g 7. Operating temperature interval: 2 - *c
v 8. Price : |5 SEK UA/m3
Properties at temperature : 20 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST {incl. cost
for labour)
1. Storage volume : 180'000 m3 Storage 2.0 MSEK [47.)
shape : 50 x 40 x 90
position: MABEUNbelow/ HEMHANMMBELION ground level
= 2. Total heat capncit;y : 0.4 106 MI /K
E 3. Containment present : Wk /w0 | Containment UA
v material :
=
5 4. Insulation present : ¥®E /RO | Insulation UA
‘;’ position insulation :
material :
total volume insulation material: m3
S. Heat exchanger present 3 OBs /"0 | Aeat exchanger UA
heat exchange rate (theor./exp.): WK Miscellaneous 0.5 MSEXNHHH
6. Annual performance (theor./exp.): (%) Total system 2.5 WSpxi@®
DATA OF TOTAL SYSTEM
The number of heat corsumers in the entire system:
1. Heat consumption system: gpace heating/domestic hot water/both
é space heat load* MnJ
i:f-; hot water load* : ; My
= total load* : 1.8 10 MJ
' :_O: total system load* : 1.6 106 NI




TOTAL SYSTEM (CONTINUED)

]

2+ Solar heat cellecting system @

Solar collectors : central/digtributed

2 2

- collector area 2200 ] / x m

- type ! plane covered low temperature
Short term heat storage: centralmswwamﬁﬂwd
- storage volume : 1000 m3 / X m3
- storage material t  gater
Total cost : 2.0 MSEK Ua
3. Seasonal heat storage resevoir (see above)
Total cost t 2.5 MSEX UA
4. Heat transfer piping network :
- total length : m
- heat loss rate : W/K.mp iping
Total cost : Ua
5. Auxiliary heating: central/distributed/not prese
- type H gﬁrﬁs,"{ﬁgﬁer
- power installed : 65 /85 kW / x kW
Total cost :op.13 MSEK UA / x UA
6. Electrical power for pumps : kW
Total power installed : kW
7. Total cost
- solar heating system 6 NSEK UA
- conventional heating system : UA

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL

Results are given for this location

Latitude: Longitude:
Climatclogical data for location :
- global irradiation : MJ/m2 { kWh/mz)
- number of degree days . 5000 ; temperature below 20 °¢
1. Total system load : 1800 103 MJ
2. Total solar contribution : 1550 10° MT (g5 % of load)
idem per m2 collector : MJ kWh/mz)
3. Total auxiliary heating : 250 107 T
4. Total electricity consumption : 35'000 k¥Wh

PRIMARY ENERGY SAVED

Fuel: Fuel price:

1. Primary energy consumption for conventicnal system : 500 Muh

2. Idem for solar heating system with seasonal heat storage: A5 MWh =
Primary energy saved : 635 Wi

63 m3 oil
Resumé: {63 n3 oilfyear)

Primary energy saved:

Extra system cost : UA
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SUMMARY SHEET: SEASONAL HEAT STORAGE

ROCK/3

TITLE: SODERTUNA ALTERNATIVEGMULTIPLE WELL SYSTEM

PERIOD: 1982

* per heat consumer per year.

™
§ MAIN SUBJECTS OF RESEARCH:
g
?g - storage material: YES A¥H - theoreticalyemmendmenmalk
2 - Btorage system YES A¥N - thecretical /perimantuvl
- total system : YES AN - theoretical fempenimsnasy
1. Material * granite
. 2. Density : 2700 kg/m3
= 3. Specific heat : 800 J/kg K
.E 4. Mean heat capacity f 21 M.‘.T/m3 K { X water)
g 5. Thermal conductivity : 3-3.5 W/m X
3 6. Permeability IR nz
g 7. Operating temperature interval: 1§ - 70 °c
e 8. Price ! 100 SEK UA/m3
Properties at temperature : 20 °c
STORAGE CONTAINER AND COMPONENT PERFORMANCE COST (incl. cost
for labour)
1. Storage volume : 105'000 m> Storage UA
shape s cylindrical r=h
pesition: above/below/partly below ground level
x 2. Total heat capacity : 220 10 MI /X
; 3. Containment present H YBES/NO | Containment UA
: material :
5 4. Insulation present : YES/NO [ Insulatien o2
g position insulatien :
material :
total volwvme insulation material: m3
5. Heat exchanger present : YES/®0 | Heat exchanger UA
heat exchange rate (theor./exp.): w/X Miscellaneous UR+
6. Annual performance (theor./exp.)ap/- (%) Total system ;g o ygpx'OM
DATA OF TOTAL SYSTEM
The number of heat consumers in the entire system: 575 dwellings
1. Heat consumption system: space heating/domestic hot water/both
§ space heat load* : 30 10 Ik
;E hot water load* : 20 1(]3 My
E‘ total load* 150 103 MJ
§ total systam load* T 45 103 MJ




TOTAL SYSTEM (CONTINUED)

[ 2. solar heat cellecting system

Sclar collectors : zentral/distributed
- collector area : 30t000 12 / x m2
- type t integrated in the roof
Short term heat storage: mmaammnmhmmrnot pres
-~ storage volume m3 / x |n
= gtorage material :
Total cost ; 10.2 MSEX UA

3. Seasonal heat storage resevoir {see above)
Total cost : ua

4. Heat transfer piping network :
- total length : m
- heat loss rate t W/K.mpiping
Total cost H UA

5. Auxiliary heating:

- type : heat pump
- power installed t 500
Total cost . 1.0 MSEX
6. Electrical power for pumps : 20
Total power installed :
7. Total cost
-~ solar heating system : 16 MSEK

- conventional heating system : 6 MSEK

|

|
|
|
|

|

central/distributed/not presc

88

kW / % x
UA / x
kW
kW

Ua
DA

kW
ua

ANNUAL ENERGY FLOWS IN TOTAL SYSTEM: THEORETICAL/EXPERIMENTAL

Results are given for this leocation

Latitude: Longitude:

Climatoclogical data for location :

- global irradiaticn . 1300 MJ/mz ( 370 kWh/m2]

~ number of degree days : ; temperature below °c

1. Total system load : 23 105 MT

2. Total solar contribution ! 15 105 MI ( g5 % of load)
idem per m2 collector + 1150 MJF (320 kWh/mz)

3, Total auxiliary heating 512 106 MT

4. Total electricity consumption : 32 10 kXWh

PRIMARY ENERGY SAVED

Fuel: Fuel price:

1. Primary energy consumption for conventional system :

2. Idem for solar heating system with seasonal heat storage:

Primary energy saved :

Resumé:
Primary energy saved: B0%

Extra system cost 10 MSEK

UA
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