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1. OVERVIEW

Seasonal thermal energy storage offers a great potential for substituting fossil fuels using solar
energy for domestic hot water preparation and space heating. In 1993 Germany raised the R&D
program Solarthermie 2000 and the successor Solarthermie 2000plus that was implemented by
the Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU). Sev-
eral technologies for seasonal heat storage have been further developed and tested within the-
se projects and eleven research and demonstration plants for solar assisted district heating with
seasonal storage have been built in Germany since 1996. Moreover, there are further applica-
tions for this technology. Nowadays, other technologies are developed and spread, which need
or could use seasonal storages of big volumes. Thus, the IEA in its Heating and Cooling
Roadmap (IEA Technology Roadmap Energy-efficient buildings: heating and cooling equip-
ment) and the District Heating and Cooling Technology Platform in its strategic research agenda
(DHC+ Technology Platform, Strategic research agenda) include thermal energy storages as
central components in energy efficient systems in the future. The acquired knowledge needs to
be spread in order use it in further projects and develop the market for this technology.

This concept presents a concept how the topic of ‘Large Heat Stores in Connection to Solar
Thermal and CHP’ can be addressed in training courses. The courses should be addressed to
energy suppliers and aims at giving participants a basic technical knowledge of the large stor-
age’s technology and an overview of its numerous applications.

The course deals with different themes:

- Research and development about this technology until today

- Role of heat storage in heat supply

- Politics and strategy

- Technical aspects and state of the art : dimensioning, materials, costs, location, in-
tegration in the systems

- Pilot projects, analysis of their functioning

- Materials and products available on the market

- Different application examples of large heat storages

An example of a two-day course program which was pilot implemented in Germany is present-
ed.
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2. COURSE CONCEPT

2.1. Introduction

Themes

e Background

¢ Role of heat storage in
heat supply

e Politics and strategy

Learning objectives

0 Historical background of the R&D
0 Actual research programs and their achieve-
ments

o Different applications for large heat storages
0 Reasons for this technology to develop in the fu-
ture

o0 State of the market and future development in
Germany, Europe and world-wide
0 Interest of stakeholders

2.1.1. Background

The technology has been investigated in Europe since the middle of the 70’s. First demonstra-
tion plants were realized in Sweden in 1978/79 based on results of a national research program.
Nowadays, within the Solarthermie 2000 & Solarthermie2000plus programs, several technolo-
gies for seasonal heat storage are developed, and eleven research and demonstration plants
for solar assisted district heating with seasonal storage were already built.

2.1.2. Role of heat storage in heat supply

Seasonal thermal energy storages offer a great potential for substituting fossil fuels using solar
energy for domestic hot water preparation and space heating. But nowadays, other technolo-
gies are developed and spread, which need or could use storages of big volumes. For example:

- Increased use of biomass for electricity production

- Increased use of geothermal energy and similar

- Increased use of waste heat from the industry

- Increased use of waste energy from electricity production through combined heat and

power plants

- Increased use of electricity produced from wind and solar, meaning more and more var-
iation in the electricity production, so that CHP production needs to be adapted.

AGFW)
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Heat storages can here regulate load variations and dissociate the electricity production from
the heat production through storage.
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Figure 1: Multifunction storage (source: Solites)

2.1.3. Politics and strategy

The IEA in its Heating and Cooling Roadmap and the District Heating and Cooling Technology
Platform in its strategic research agenda include thermal energy storages as central compo-
nents in energy efficient systems in the future.

Since 2010, different European projects have begun, for example PIME’S (Play it more efficient,
Sam, EU 7" Framework Programme, Grant Agreement No 239288), in which the feasibility of
three solar seasonal storages is studied in countries where the technology is not yet developed:
Hungary, Spain and Norway. More European projects like EINSTEIN (Effective integration of
seasonal thermal energy storage systems in existing buildings, EU 7" Framework Programme,
grant Agreement No 284932), for retrofitting applications, PYTAGORAS and SUNSTORE 4 in-
clude further development of the long term storage technology. Out of Europe, the interest
about this technology awakened with the construction in 2006 of the pilot plant “Drake Landing”
in Okotoks, Canada.

AGFW) solites
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2.2. State of the art

Themes

Size of storages

Location

Integration in the sys-
tem

The four storage
types

Geological conditions
Materials / Thermal
losses

Dimensioning

Costs

Cold storage

Learning objectives

O O O O

Notion of surface/volume ratio
Rules to be energy efficient

Decision criteria on the location

Operation temperatures requirements
Stratification in the storage

Weather data

Load characteristics

Detail of the functioning principle of each type of
storage

Hydro geological requirements
Legal authorizations

Quality requirements of the materials
Influence of moisture and high temperatures on

the thermal conductivity of porous materials

Notion of heat capacity for each storage type

Notion of prices according to storage’s type and
size

Example and overview of another use for large
storages

2.21.

Minimal size

Storing solar thermal energy seasonally with sensible heat starts to be energy efficient with a

storage volume of 1000 m?® of water or more. However, new technologies developments might
allow smaller storages to become energy efficient.

AGFW)
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2.2.2. Location: underground or on ground-level?

There are many reasons why very large storages are mostly built underground: static,insulation,
integration in residential. However, some smaller storages (see Crailsheim) are built on ground
level.

2.2.3. Integration in the system

The operation conditions are different for each system: the operation temperatures, the quality
of stratification, and the return flow temperature of the heating net influence the thermal losses
of a seasonal thermal energy storage.

2.2.4. The different types of underground storages

During the past ten years of research on seasonal storage technologies four different types of
storages turned out as main focus for the ongoing engineering research.

Tank thermal energy storage (TTES) Pit thermal energy storage (PTES)
(60 to 80 kWh/m?) (30 to 80 kWh/m?)

/ A

i
e N i
= /

Borehole thermal energy storage Aquifer thermal energy storage
(BTES) (ATES)
(15 to 30 kWh/m?) (30 to 40 kWh/m?)
— =

Figure 2: The four sensible seasonal thermal energy storage technologies (source: Solites)
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2.2.5. Geological conditions

For each storage, a hydro-geological study is needed: stratigraphy, location and drift of the
groundwater layers, hydraulic conductivity of the ground, flow rate and direction of the ground
waters. A legal authorization procedure must be started early in the project about water in the
area. The conditions enabling the construction of a storage are different for each type of stor-
age.

2.2.6. Materials and thermal losses

For every storage, the materials and structures used must ensure that the functioning is guaran-
teed over a period of 40 to 50 years. Problems are encountered in the practice of higher thermal
losses than predicted. Study on the influence of increasing moisture content and increasing
temperatures on the thermal conductivity of porous materials showed that the thermal conduc-
tivity of the insulation material was assumed too low.
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& wu, =009 '| = model prediction § uh, =012|| - model prediction
08 & | i H 08¢ A uh, =026 s R
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al[°C] s1[°Cl

Figure 3: Model predictions and measured data for the thermal conductivity (Aetr) of expanded glass gran-
ules 4-8 mm type |l (left) and expanded clay 4-8 type | (right) as function of the temperature (source: Ochs
et.al 2006-2, Ochs et.al. 2006-3)

For example, the thermal conductivity of the insulation was taken from DIN 4108 (DIN4108 Teil
4 2004), which gives thermal conductivities for average temperatures of 10°C. However, as can
be observed on the graphic (Figure 20, source: Ochs et.al 2006-2, Ochs et.al. 2006-3), the
thermal conductivity of porous materials increases with increasing moisture content and with
increasing temperature. The assumption of constant materials properties such as effective
thermal conductivity of the insulation material and of the surrounding ground, but also the water
vapour resistance index of the liner leads to wrong results. Hence, a major part of the increased
thermal losses of pilot and research storages may result from moistened insulation. The quality
of the envelope with respect to protection against moisture penetration is therefore often defi-

AGFW) solites
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cient. This phenomenon is now taken into account in newest projects for better simulation and
design.

2.2.7. Dimensioning

The following table summarizes some of the main parameters for each type of storage.

Table 1: Comparison of storage concepts regarding storage medium, heat capacity and volume (source:
High-Combi, D2.6 State of the Art of Similar Applications, 2007)

TTES PTES BTES ATES
storage medium water gravel-water soil/rock | sand water
heat capacity [kWh/m?3] 60-80 30-50 15-30 30-40
storage volume for 1 m3 equivalent 1 1.3-2 3-5 2-3

Table 2: Energy capacities, power, efficiency and storage time of thermal energy storage technologies
(source: IEA technology roadmap energy-efficient buildings: heating and cooling equipment, 2011) (TES:
thermal energy storage)

TES technology Capacity [kWh/t] | Power [kW] |Efficiency [%] |Storage time | Cost [€/kWh]
Hot water tank 20-80 1-10 000 50-90 day-year 0.08-0.1
Chilled water tank 10-20 1-2 000 70-90 hour-week 0.08-0.2
ATES low temp. 5-10 500-10 000 50-90 day-year varies
BTES low temp. 5-30 100-5 000 50-90 day-year varies
PCM-general 50-150 1-1000 75-90 hour-week 10-53
Ice storage tank 100 100-1 000 80-90 hour-week 4.7-15.6
Thermal-chemical 120-150 10-1 000 75-100 hour-day 7.8-40.6

Note: ATES stands for aquifer thermal energy storage and BTES stands for borehole thermal energy storage

AGFW)
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2.2.8. Costs
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Figure 4: Specific storage costs of demonstration plants (cost figures without VAT) (source: Solites)

2.2.9. Cold storage

heat / cold distribution

heat pump [ 1
ca. 5°C ca. 3°C < 35°C
T =
[s]

=10 - 16°C =19°C

o o

direct cooling

—— —— -

heat exchanger

__ 18 boreholes
55 - 60 m deep

© DS-PLAN GmbH

Figure 5: Project for an office building's heating and cooling in Stuttgart (source: SoilCool/Reky! project,
Pre-design guide for ground cooling systems with thermal energy storage, 2004)
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2.3. Examples of realized projects

Themes Learning objectives

Example of the development of a project
0 Example of a construction cycle (photos)

(@]

e Project development

e Practical issues 0 Lessons learned from pilot projects
0 Technical, organizational issues encountered

e Performances 0 Measured performances of one or more pilot pro-
jects / comparison with planned performance

2.3.1. Project development

Example in Crailsheim, Germany

L L I_t_._.!‘;.a._m?ﬂm‘ l‘. .\,..m .I._‘

. e

Figure 7: pipe installation in the ~ Figure 8: Coverage of the insula-
Figure 6Dr||||ng the boreholes boreholes and foam g|ass grave| tion Iayer
insulation
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2.3.2. Performances

It is important to monitor the performances of built storages, to collect information, compare to
the previsions made when planning and designing the storage, and finally gain new knowledge
on the technology. To evaluate and check the performance of a storage, the following criteria
can be used:

- Heat storage capacity in kWh/m?3.

- Storage efficiency: to evaluate the heat losses due to storing the heat
- Operation temperatures/pressure

- Number of cycles (full charging and discharging) per year

Of course, all these values have to be considered in relation to the investments costs, the addi-
tional costs to the heat delivered and also the production costs saved by using the storage.

2.4. Industry presentations

Themes Learning objectives

e Materials and products 0 Materials and products available on the market
and their costs

e Technical solutions o Discover technical solutions offered by industy
on the market

AGFW) solites
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2.5. Applications

Themes Learning objectives
e Applications of the o Overview of some of the possible applications of
technology to different large storages and their advantages in the differ-
energy production sys- ent energy production systems
tems 0 The concept of Smart District Heating (example
of the Sunstore 4 project in Denmark)
0 Possibility of CHP optimization

2.5.1. Smart district heating (Sunstore 4)

Smart district heating is combining renewable energy technologies and thermal storages in such
way that the district heating system is linked in a very flexible and constructive way with the lib-
eral electricity market. Main features of a smart district heating system are long term storage,
solar collectors, heat pumps and combined heat and power units.

More and more electricity is produced from wind and solar. This means more and more varia-
tion - both short and long term - in the electricity production and more difficult conditions for the
traditional CHP units. The “smart district heating” concept is developing to assist in solving the
problems connected to these two issues.

Dronninglund  and Marstal

Esblerg Odents

)

35-40000m?

Bio-oil Load/usage

50-100000 m®

Figure 9: Example of Smart district heating system in Denmark (source: Planenergi, DK)
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2.5.2. CHP optimization

Advantages of adding a storage to a CHP system:

- Flexibility: the electricity production can become independent from the heat distribution
through the storage, for example in summer time

- Cost- efficiency: by increasing the possible peak electricity production and increasing
the efficiency of the CHP system

- Future adaptability: a storage also makes the CHP systems using renewable energies
(as biomass) more efficient.

2.6. \Visit
Themes Learning objectives
e Guided tour of alarge 0 Practical experience

storage installation

AGFW) solites



SDH

solar district

15

3. TWO-DAY COURSE PROGRAM

In the following an exemplary program for a two-day training course on large thermal en-
ergy stores is presented.

Day 1

Y2 hour

2 hours

1 hour

2 hours

Day 2

1 hour

1 hour

3 Y hour

Introduction
- Role of heat storages in heat supply
- Politics and strategy, national and international

State of the art

- Working and building principles of large heat stores
(on ground level as well as underground)

- Cold storage

- Criteria of decision during project development

Presentations of related industries or service providers

Examples of realized projects, analyze
- Example of a realized steel storage, cold storage
- Examples of realized underground storages, e.g. Crailsheim, Minchen

Heat storage application: CHP optimization
Technical influences on the CHP systems and current penetration of the heat
storage technology in district heating systems

Heat storage application: Seasonal storage in solar district heating sys-
tems, smart district heating

- Presentation of the concept

- Examples Solarthermie2000

- Example Sunstore4, Marstal, DK

Technical presentation and site visit of a realized large thermal energy
storage.

Example: Program of the course held by AGFW and Solites in July 2012 in Hamburg:

AG F@ solfj-bes
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