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Abstract:

The invention relates to an arrangement (1) for storing thermal energy. The arrangement comprises a
circuit (2) containing a working fluid, where the circuit has a plurality of pipes (3) which pipes are
distributed throughout a volume of the ground forming a heat storage. Each pipe (3) is arranged in a
channel (4) in the ground for heat exchange between the working fluid and the ground. The
arrangement (1) comprises an electrical heating element (5), where the electrical heating element is
arranged in a channel (4') in the ground to heat the ground for storing thermal energy in the heat
storage. The working fluid is a liquid having a boiling point above 120°C at atmospheric pressure.

CA 03218183 2023-11-6



10

i5

20

25

30

CA 03218183 2023-11-6

WO 2022/240336 PCT/SE2022/050440

An arrangement and a method for storing thermal energy in the ground

TECHNICAL FIELD

The invention relates to an arrangement and a mesthod for storing thermal energy.

BACKGRCOUND

There is a need for storing energy. Weather and seasonal changes cause variations in
both production and consumption of heat and electricity. Today there are some methods
available for storing snergy. For example, hot waler can be siored in pits, rock sheiters
and driill holes, and electricity can be stored in batleries or as potential energy by pumping

water into reservoirs.

All these storing methods have one or more drawbacks, such as having low efficiency and
high costs, being unsuitable for longer storage periods, providing too low temperature

when the energy is to be retfrieved and used, sic.

Thus, there is still a need for efficient storage of thermal energy, particularly for long term

storage between seasons, in order {o improve the energy supply in today’'s society.

SUMMARY

An objective of the invention is fo provide an arrangement for storing thermal energy, by
which arrangement thermal enerqgy can be stored in a heat siorage for longer pericds

while providing energy retrieval from the storage at relatively high temperatures.

The objective is achieved by an arrangement for storing thermal energy, where the
arrangement comprises a circuit containing a working fluid, and the circuit has a plurality
of pipes which pipes are distributed throughout a volume of the ground forming a heat
storage, and sach pipe is arranged in a channel in the ground for heat exchange between
the working fluid and the ground, and where the arrangement comprises an electrical
heating element, and the electrical healing element is arranged in a channel in the ground
io heat the ground for sioring thermal energy in the heat storage, and the working fluid is

a liguid having a boiling point above 120°C at atmospheric pressure.



10

15

20

25

30

CA 03218183 2023-11-6

WO 2022/240336 PCT/SE2022/050440

2

The invention is based on the insight that by such an arrangement, electrical energy can
be efficiently converted to heat energy by means of the electrical heating element, which
heat energy in turn can be stored for long periods at high temperatures in the ground in an
efficient way. Such direct heating of the ground is efficient, for example as compared to
indirect heating where an electric heater heats water which water in turn is used for
heating the ground. By the invention, an electrical energy surplus can be directly
converied nto heat in the heat storage. Although, theoretically, the ground can be heated
o temperatures up to the mekling point of the current bedrock or sediment, as an example

only, a typical temperature interval for the heat storage can be 120-800°C.

Hereby it is possible to both store heat from high-temperature heat sources and provide
thermal energy from the heat siorage at high temperatures sufficient for production of
district heating, process heating and/or heat or steam for electricity generation. At the
same time, the system can work at atmospheric pressure without any pressurization of

the working fluid.

Contrary to the general opinion, the inventors have discovered that increased temperature
in the heat storage will not necessarily increase the losses associated to groundwater
motions, since minor fractures and porosities will be closed when the rock mass expands
making the bedrock denser. Further boiling of present groundwater will resulf in a vapor
pressure that will push away adjacent groundwater from a central hot zone of the storage
io a surrounding colder zone. In this way further groundwater is prevented from reaching
the heat storage which creates a dry envircnment in the heat storage and reduced

convective heat losses.

Since the electrical heating element has its own channel and each pipe is arranged in a
separate channel, each pipe is arranged at a distance from the electrical heating element.
This in turn makes it possible 1o heat the rock mass arcund the elecirical heating element
to temperatures above the maximum allowed temperature of the working fiuid in the
pipes. This allows a higher average storage temperature and therefore a greater energy
density of the heat storage. Energy can be stored by using higher power of the slectrical
heating element due to the temperature gradient in the bedrock between the electric

heating element and the pipes.
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The use of the pipes and the elecirical heating slement being separated from each cther
will also allow storage of heat from low temperature energy sources by the pipes and from
electricity by the electrical heating element. Storing of heat from a low temperature energy
source can be performed until the temperature of the bedrock approaches the
temperature of the low temperature energy source. The elecirical heating element can
provide heat simultaneocusly and/or be used after the heat siorage has reached the
temperaiure of the low temperature energy source, to further increase the temperature. In
addition, heat from the electrical heating element can be stored in the heat storage while

heat is being extracted from the heat storage by the circulating working fluid of the pipes.

According io one embodiment of the arrangement, the circuit comprises a subcircuit
having a set of pipes of the plurality of pipes, which pipes are fluidly connected in series
and arranged at different distances from the electrical heating element. Hereby, the pipes
can be arranged in different temperature zones, and when heat from the heat storage is o
be retrieved by the circuit, the working fluid can be circulated in the subcircuit such that
heat exchange between the working fluid and the ground takes place at different
temperatures, where the working fluid first enters a pipe situated in a zone with relatively
low temperature and thereafter enters pipes in zones with higher temperatures, and finally

eniers a pipe situated in the zone with the highest iemperature.

According to a further embodiment, the arrangement comprises a heat exchanger and the
subcircuit is fluidly connecied to the heal exchanger for energy supply from the heat
storage. Hereby, the heat of the working fiuid can be transferred to ancther energy carrier

in a rational way.

According to a further embodiment of the arrangement, the circuit comprises a plurality of
said subcircuit, which subcircuits are connected in parailel to the heat exchanger. Hereby,
the heal transfer power can be increased. One or more such subcircuits can be used at
the same time depending on the current temperatures of the heat storage and the heat

fransfer power required.

According to a further embodiment of the arrangement, a set of pipes of the plurality of
pipes is arranged along an imaginary circle where gach pipe is arranged at substantially
the same distance from a centre point, when locking at the ground from above. Hereby,

these pipes can be situated at different positions in the heat storage but in a zone where
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the ground has substantially same temperature. The centre point can be a centre point of
the heat storage, or a local centre point for a part of the heat storage, where heat is
transferred to the ground for storing thermal energy.

According to a further embodiment of the arrangement, the electrical heating element is
arranged inside the imaginary circle, preferably in the centre peint. Hereby, the ground
can be healed and by conduction of heat radially from the electrical healing element, the
sei of pipes arranged along the imaginary circle will be situated in the same temperatire

Zone.

According to a further embodiment, the arrangement comprises a plurality of said set of
pipes, which sets of pipes are arranged along different imaginary circles, the imaginary
circles being arranged concentrically having the centre point in common. Hereby, the

different sets of pipes can be situated in different femperature zones.

Acceording o a further embodiment, the arrangement comprises a plurality of said
electrical heating element, which electrical heating elements are distributed throughout
the volume ¢of the ground forming the heat storage. Hereby, the heat can be stored more
evenly throughout the heat siorage and a plurality of temperature zones having

substantially the same temperature can be achieved for several temperatures.

According to a further embodiment of the arrangement, the working fluid has a working
temperature range from a lowest allowable temperature fo a highest allowable
iemperature for which working temperature range the working fluid is a liguid at
atmospheric pressure. Hereby, a non-complicated system not reguiring pressurization of

the system can be achieved.

According 1o a further embodiment of the arrangement, the working fluid is a ligquid having
a boiling point above 150°C, and preferably above 200°C, at atmospheric pressure. By
using a working fluid having a relatively high boiling point, the system can work with a
liquid at high temperatures. This in turm makes it possible to both storing heat from high-
temperature heat sources and providing thermal energy from the heat storage at high
temperatures sufficient for production of district heating, process heating and/or heat or
steam for electricity generation. At the same time, the system can work at atmospheric

pressure without any pressurization of the working fluid.
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According to a further embodiment of the arrangement, the working fluid is an ol or a
compound or element in a liquid state, such as a molten salt. Hereby, a suitable working
fluid with a relatively high boiling point (in comparison o water) having favourable heat

transfer properties can be used in the circuit of the arrangement.

The invention also relates to a method for storing thermal energy, comprising the sieps of
heating a volume of the ground forming a heat storage, by an electrical heating element,
the electrical heating slement being arranged in a channel in the ground to heat the
ground for storing thermal energy in the heat storage, and transferring heat from the heat
storage to an energy carrier for energy supply, by a circuit containing a working fiuid,
using the working fluid being a liquid having a boiling point above 120°C at atmospheric
pressure, the circuit having a plurality of pipes which pipes are distributed throughout said
volume of the ground, each pipe being arranged in a channel in the ground for heat

exchange between the working fluid and the ground.

The invention is based on the insight that by such a method, eleciric energy can be
efficiently converted to heat energy by means of the electrical heating element, which heat
ensrgy in turn can be siored for long periods at high temperatures in the ground in an
efficient way. Such direct heating of the ground is efficient, for example as compared {0
indirect heating where an electric heater heats water which water in tumn is used for
heating the ground. By the invention, an electrical energy surplus can be directly
cornverted into heat in the heat storage. Although, theoretically, the ground can be heated
fo temperatures up to the melting point of the current bedrock or sediment, as an example

only, a typical temperature interval for the heat storage can be 120-800°C.

Hereby it is possible to both store heat from high-temperature heat sources and provide
thermal energy from the heat storage at high temperatures sufficient for production of
district heating, process heating and/or heat or steam for electricity generation. At the
same time, the system can work at atmospheric pressure without any pressurization of

the working fluid.

According to one embodiment of the method, the method comprises the step of using the
working fluid having a working temperature range from a lowest allowable temperature to

a highest allowable temperature for which working temperature range the working fluid is
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a liquid at atmospheric pressure. Hereby, a non-complicated method not requiring

pressurization of the system can be achieved.

According to a further embodiment, the method comprises the step of using the working
fluid being a liquid having a boiling point above 150°C, and preferably above 200°C, at
atmospheric pressure. By using a working fluid having a relatively high boiling point, the
system can work with a liquid at high temperatures. This in turn makes it possible to both
storing heat from high-temperature heal sources and providing thermal energy from the
heat storage at high ilemperatures sufficient for production of district heating, process
heating and/or heat or steam for electricity generation. At the same time, the system can

work at atmospheric pressure without any pressurization of the working fiuid.

According to a further embodiment, the method comprises the step of transferring heat
from an external energy source to the working fluid of the circuit, for storing thermal
energy in the heat storage, where the femperature of the working fluid is increased o
above 120°C, suitably above 150°C, and preferably above 200°C by the external energy
source. Hereby, thermal energy, in addition {0 heat produced by the electrical healing
element, can be stored in the heat storage at high temperatures by heat exchanging
between the working fluid and the ground. Heat from an external high-temperature heat
source can be used for increasing the temperature of the working fluid, such as for

example heat from a solar thermal plant.

Further advantages and advantageous features of the invention are disclosed in the

foliowing description and in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference (o the appended drawings, below follows a more detailed description of
embodiments of the invention cited as examples.

in the drawings:

Fig. 1is a schematic view showing an arrangement for storing thermal energy,

Fig. 2A shows a cut view along A-A in Fig. 1, illustrating a channel accommodating a pipe

in the form of a U-pipe heat exchanger used in the arrangement,
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Fig. 2B shows g variant of the pipe in Fig. 2A designed as a coaxial pipe heat exchanger,

Fig. 2C shows a cut view along B-B in Fig. 1, Hllustrating a channe! accommodating an

electrical heating element and the surrocunding ground,

Fig. 3 is a cut view along C-C in Fig. 1, illustrating the elecirical heating element arranged
in the channel in the centre of the heat siorage, three pipes which are fluidly connected to
each other in series, where sach pipe is arranged in the respective channel, and a further

channel,

Figs. 4A, 4B and 4C are schematic top views showing different variants of pipe and

electrical heating element configuration of the arrangement,

Figs. 5A, 5B and 5C show some example embodiments of the arrangement with different

circuit configuration, and

Fig. 8 is a schematic flow chart for illustration of an example embodiment of a method.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

Fig. 1 is a schematic view showing an arrangement 1 for storing thermal energy. The
arrangement 1 is illustrated in a top view locking at the ground from above. The
arrangement 1 is a so called underground thermal energy storage. The arrangement 1
comprises a circuilt 2 containing a working fluid. The working fluid is circulated in the
circuit 2. The circuit 2 is at least partly arranged in the ground, preferably most of or
substantially the entire circuit 2 is arranged underground, though for illustration purposes
the circuit 2 is shown in Fig. 1. The heat storage uiilizes the soil, sediment and/or bedrock,

which is found naturally in the ground below the surface of the earth, for storing heat.

The circuit 2 has a plurality of pipes 3, 3a, 3b, 3¢ which pipes 3 are distributed throughout
a volume of the ground forming a heat storage. Such a pipe 3 is indicaled by a smali circle
with a dot inside the circle. Each pipe 3 is arranged in a channal 4 in the ground for heat
exchange between the working fluid and the ground. Such a pipe 3 arranged in such a
channel 4 forms a working fiuid collector well. Each channel 4 can be a borehole,

preferably a vertical borehole, in the ground for receiving the vertically arranged pipe 3.
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The volume of the ground forming the heat storage is defined by the surface area over
which the pipes are distributed and the length of these pipes 3, i.e. the depth of the
channels 4 accommodating the pipes 3.

Further, the arrangement 1 comprises an elecfrical heating element 5. The electrical
heating element 5 is indicated by a small circle and a cross in Fig. 1. The slectrical
heating element 5 is arranged in a channel 4’ in the ground to heat the ground, thereby
storing thermal energy in the heat storage. The electrical heating element 5 has its own
channel 4 in the ground. In other words, the heating element 5 is suilably arranged
separately from the pipes 3 in a separate channel. Such an electrical heating element 5
arranged in such a channel 4’ forms an elecirical heating well. In a similar way as
mentioned with respect {0 the pipes 3, the channel 4 for the electrical heating element 5
is suitably a borehole, preferably a vertical borehole, in the ground for receiving the
electrical heating element 5. The distance between the electrical heating element and the
closest pipes can be selected based on the power of the electrical heating element, the
temperature gradient in the bedrock, the allowed temperature of the working fluid, etc. For

example, the distance can be in the range 1-10 meters, and often 2-5 meters.

The electrical heating element 5 can be a resistive heater converting electrical energy into
heat. The elecirical heating element 5 is suitably arranged in a central position of the heat
storage. Power supply 6 1o the electrical heating element 5 is schematically lHlustrated in
Fig. 1.

The working fluid in the circuit 2 suitably has a working temperature range from a lowest
aliowable temperature to a highest allowable temperature for which working temperature
range the working fluid is a liquid at atmospheric pressure. By atmospheric pressure

means the standard sea-level pressure, one standard atmosphere, equals 760 mmHg.

The working fluid is a liquid having a boiling point above at least 120°C, suitably above
150°C, and preferably above 200°C, at aimospheric pressure. For many applications, the
boiling point of the working fluid can be even higher, above 300°C. Favourable, the boiling
termperature of the working fluid is within the interval 200-800°C, and often 300-600°C.
For this reason, the working fluid can be an oil or a compound or element in a liquid state,
such as a molten salt. Some examples of usable working fluids are vegetable oils, such

as refined rapeseed oil, paraffin oils, such as Duratherm HTO and Duratherm HF, silicon
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oils, such as Duratherm S, and molten saits, particularly ternary mixtures of salt, such as

Solar Fower Molten Salt.

A lot of the above-mentioned liquids are also favourable due fo the fact that they can work
at a relatively low temperatures, where the lowest allowable temperature (pour point)
often is within the interval minus 50°C {0 minus 5°C. This is advantageous due to
decreased risk of ciogging and freezing when the system is cold. Pumping of the liquid
can be performed at iow temperatures since the liguid will maintain a relatively low

viscosity at low temperatures.

Different types of pipe 3 can be used. Some examples are shown more in detail in Figs.
2A and 2B where cut views ¢of a channel accommodating a pipe and the surrounding

ground are iillustrated.

Fig. 2A is a cut view along A-A in Fig. 1, showing such a pipe 3 in the form of a U-pipe
heat exchanger. The channel 4 is a vertical borehole in the ground 7. The U-pipe is part of
the circuit 2 such that the working fluid can be circulated while flowing downwards in a first
pipe portion 8 and upwards in a second pipe portion 9 of the U-pipe. At the same time,
heat can be exchanged between the working fluid and the surrounding ground 7. The pipe

3 can be made of stes! for instance.

Fig. 2B shows a variant of such a pipe 3’ in the form of a coaxial pipe heat exchanger.
The channel 4 is a vertical borehole in the ground. The coaxial pipe configuration has an
inner pipe portion 10 and an cuter pipe portion 11. The coaxial pipe configuration is part of
the circuit 2 such that the working fluid can be circulated while flowing downwards in the
outer pipe portion 11 and upwards in the inner pipe portion 10. At the same time, heat can
be exchanged between the working fluid and the surrounding ground 7. The pipe 3’ can
be made of steel for instance. The direction of flow can be reversed in that the fluid flows
downwards in the inner pipe portion and upwards in the outer pipe portion if heat is to be

transferred from the working fluid to the heat storage.

In other words; the working fluid can flow in the circuit 2 from a position 12 close to the
ground surface, o the bottom 13 of the channel 4 and back up to a position 12’ close to
the ground surface. Of course, the arrangement 1 can be designed such that the flow

direction of the working fluid can be reversed for any pipe configuration. The channels and
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the pipes can have a length for example in the interval 10-200 meter, and often 25-150

meter.

in general, there are two main options of creating the desired circuit 2 for the pipe
configuration used. According to a first option, only the pipes which are included in a
predetermined subcircuit where the working fluid is to be circulated are fluidly connected
io each other, such as in series or in parallel to each other. According to another option,
more pipes, or all pipes of the arrangement, are fluidly connected to each other and by
means of valves and conirol equipment the flow can be open or closed between the
pipes. Thus, the pipes 1o be included in a certain subcircuit can be selected by controlling
the valves such that the working fiuid is circulated through these selected pipes, which
pipes can be connected in series or in parallel 1© each othar. Both these options can of
course be combined and used in the same heat storage. The circuit 2 with the pipes may

comprise two or more subcircuits.

Fig. 2C is a cut view along B-B in Fig. 1, showing the channel 4 accommodating the
electrical heating element & and the surrounding ground 7. The channel 4’ is a vertical
borehole in the ground. The electrical heating element 5 is grranged in the channel 4 {o

emit heat to the surrounding ground 7.

The arrangement 1 may comprise a plurality of said electrical heating element &, which
electrical heating elements 5 are distributed throughout the volume of the ground forming
the heat storage. The number of electrical heating elements is suitably adapted to the size
of the heat storage and the number and size of the pipes arranged in the channels in the
heat storage. The number and power of the electrical heating elements are also suitably

adapted to the working fluid used and the current bedrock or sediment of the ground.

For example, the electrical heating elements 5 can be distributed within an inner zone in
the centre of the heat storage where the pipes 3 are arranged ouiside the electrical
heating elements or each electrical heating element is arranged in a local centre point or
zone of the heat storage where the pipes are arranged oulside the respective slectrical

heating element.

As also indicated in Figs. 2A, 2B and 2C, sensors 14 can be arranged in the heat storage

for measuring any relevant physical quantity, such as the temperature of the heat storage.
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For example, a temperature sensor can be used for measuring the temperature of the

ground, pipe or the working fluid.

Fig. 3 is a cut view along C-C in Fig. 1. This view illustrates the electrical heating element
5 arranged in the channel 4’ in the cenire of the heat storage. Further, as an example,
ithree pipes 3a, 3b, 3¢ which are fluidly connecied {0 each other in series are shown. kach
pipe is arranged in a channel 4. The working fluid is circulated in the circuit 2 to the pipes
3a, 3b, 3¢ and back again for heat exchanging between the working fluid and the ground
7 when the working fluid flows in the veriical pipes 3a, 3b, 3c¢. As illustrated, the electrical
heating element 5 and the pipes 3 are arranged in the bedrock or sediment in the
underground. The channels 4 receiving the pipes are suitably formed by drilling, but may

be achieved by any other equipment enabling the pipe to be arranged in the ground.

The pipes 3a, 3b, 3c are arranged in the bedrock or sediment. In case the channels 4 are
not completely filled by the pipes 3a, 3b, 3¢, a high-conductive filling material 15 can be
used for filling the channels 4 and create the heat conduction properties that are required.
The high-conductive material 15 can be for example quartz sand or magnetite sand. In the
upper part of each channel 4, a low-conductive material 16 is however suitably used for
lowering the losses io the ground closest to the surface of the earth. The low-conductive
material can be for example exiruded clay or foam glass. immediately above the pipes 33,
3b, 3¢ and the bedrock there is a layer 17 of an insulating material, such as foam glass or
expanded clay. Portions of the circuit 2 that connect the different pipes 3 to each other,
are suitably arranged in this insulating layer 17. On top of the insulating layer 17 a filling

material 18, such as scil or gravel, can be arranged.

In addition, a further channel 47 in the form of a vertical borehole is illustrated in Fig. 3.
The arrangement may comprise such further boreholes 47 for preventing or at least
counteracting ground water from reaching the heat storage. The further boreholes for
counteracting inflow of ground water can be used for injection of a sealant into the
bedrock, such as cement or colioidal silica and/or any ground water that reaches these
boreholes can be pumped away, for example by a submersible pump or sink pump. A
further option is to freeze any ground water that reaches these boreholes 47 The
arrangement 1 may comprise a plurality of such boreholes 47 in the ground which are
arranged along a boundary of the heat storage for counteracting ground water to reach

into the heat storage. See also Fig. 1, where a plurality of such further boreholes 4”7



10

15

20

25

30

CA 03218183 2023-11-6

WO 2022/240336 PCT/SE2022/050440
12

situaled along an outermost circular boundary 19 of the heal storage are indicated by

small circles.

Figs. 4A, 4B and 4C are schematic top views showing different variants of pipe and
electrical heating element configuration. In the example embodimenis illustrated in Figs.
4A and 4B, one slectrical heating slement 5 is arranged in the centre of the heat storage.
The number of pipes 3 arranged outside the electrical heating element & at different
distances from the cenire of the heat storage is greater in Fig. 4A than in Fig. 4B, In the
example embodiment illustrated in Fig. 4C, there are four electrical heating slementis &,
One electrical heating element is arranged in the centre of the heat storage, whereas the
other three electrical heating elements are distributed in the heat siorage. These electrical
heating slements 5 form local cenire points, and pipes 3 are arranged outside each

electrical heating element 5.

As Hllustrated in Fig. 1, the circuit 2 may comprise a subcircuit 20 having a set 21 of pipes
of the plurality of pipes. The number of pipes 3 of each set 21 of pipes can be in the
interval 2-20, often 5-15 In this example embodiment, three pipes 3a, 3b, 3¢ are fluidly
connected in series and arranged at different distances from the electrical heating
element 5. The working fluid can be circulated in direction from the pipe 3a farthest from
the electrical heating element 5 to the pipe 3c closest {o the electrical heating element 5
when heat is to be transferred from the heat storage 1o the working fluid, and further to an

energy carrier for providing energy supply.

The arrangement 1 preferably comprises a heat exchanger 22 for transferring heat
bhetween the working fluid of the circuit 2 and the energy carrier. The subcircuit 20 is fluidly
connected to the heat exchanger 22 for energy supply from the heat storage. Further, the
arrangement 1 suitably comprises additional equipment, such as a pump 50, for
circulating the working fluid in the circuit 2. In the example embodiment Hlustrated in Fig.
1, the circuit 2 comprises two of said subcircuit, which subcircuils 20, 20’ are connected in
paralie] to the heat exchanger 22. For example, the number of subcircuits can be in the
interval 2-30, suitably 5-20. The heat exchanger 22 in turn can be arranged to iransfer
heat from the working fluid to the energy carrier for energy supply, such as production of

district heating, process heating and/or heat or steam for electricity generation.
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The arrangement 1 can comprise a set 23 of pipes 3 of the plurality of pipes arranged
along an imaginary circle 24 where each pipe 3 is arranged at substantially the same
distance from a centre point, when looking at the ground from above. By arranging the
electrical heating element 5 inside the imaginary circle 24, preferably in the centre point,
the temperature in the heat storage can be substantially the same for the pipes 3 along

the imaginary circle 24.

The arrangement 1 may comprise a pluralily of said set of pipes, which sets 23, 23 of
pipes 3 are arranged along different imaginary circles 24, 24’. The imaginary circles 24,
24 are arranged concentrically having the cenftre point in common. in the example
embodiment illustrated in Fig. 1, there are three such imaginary circles 24, 24, 24" with
three sets 23, 23, 237 of pipes 3. In this way the heat storage can be divided into different
temperature zones. A first inner zone 25 inside the first imaginary circle 24, an
intermediate zone 28 between the first imaginary circle 24 and the second imaginary
circle 24°, and an outer zone 27 between the second imaginary circle 24’ and the third
imaginary circle 247, where the temperature is highest in first zone closest to the electrical
heating element 5 and lowest in the outer zone at the greatest distance from the elecirical

heating element 5.

Fig. 5A, 5B and 5C show some exampie embodiments of the arrangement with different

circuit configurations.

In Fig. 5A, three subcircuits 20 each having three pipes 3 fiuidly connected to each other
in series, are fluidly connected in parallel to each other in the circuit 2. The pipes 3 within
one and the same subcircuit are situated in different temperature zones of the heat
storage. For example, the working fluid flows in a supply pipe 28 to the subcircuits 20 and
further in each subcircuit to a return pipe 29. The subcircuits 20 can be connected to a
heat exchanger via the supply pipe 28 and the return pipe 29.

Fig. 5B shows three subcircuits 20 each having three pipes 3 fluidly connected o each
other in series where each subcircuit has a supply pipe 28 and a return pipe 29. For
example, these subcircuils 20 can be connected in paraliel to a heat exchanger or to

separate heat exchangers.
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An alternative variant is shown in Fig. 5C. in a subcircuit 20, three pipes 3 are fluldly
connected in parallel to each other. The working fluid flows in a supply line 28 and further
via each pipe 3 to a return pipe 29. In this example embodiment, the pipes 3 of the
subcircuit 20 are arranged in the same temperature zone. As previously described, the

supply pipe 28 and the return pipe 29 can be connected to heat exchanger.

Fig. 8 is a schematic flow chart of an example embodiment of a method. As it regards the
arrangement 1 and the components thereof, sse also previously mentioned figures herein.
The method for storing thermal energy comprises the step 100 of heating a volume of the
ground forming a heat siorage, by an electrical heating element 5. As previously
described herein, the elecirical heating element 5 is arranged in a channel 4 in the

ground 7 to heat the ground for sioring thermal energy in the heat storags.

The method further comprises the step 200 of transferring heat from the heat storage to
an energy carrier for energy supply 300, by a circuit 2 containing a working fluid. As
previcusly described herein, the circuit 2 has a plurality of pipes 3 which pipes are
distributed throughout said volume of the ground, where each pipe 3 is arranged in a

channel 4 in the ground 7 for heat exchange between the working fluid and the ground.

According to one example embodiment, before transferring heat from the heat storage to
the energy carrier, in addition to the heating by the elecirical heating element 5, the
method comprises the step 400 of fransfarring heat from an external energy source to the
working fluid of the circuit 2, for storing thermal energy in the heat storage, where the
temperature of the working fluid being increased tc above 120°C, suitably above 150°C,
and preferably above 200°C by the external heat source. For example, heat can be
transferred from an energy carrier to the working fluid by means of a heat exchanger.
Such a heat exchanger used for transferring heat from the external heat source fo the
heat storage can be the same as the heat exchanger 22 used for transferring heat from
the heat storage for energy supply, where the working fluid flow direction in the circuit has

been reversad.

It is to be undersiood that the present invention is not limited to the embodiments
described above and illustrated in the drawings; rather, the skilled person will recognize
that many changes and modifications may be made within the scope of the appended

claims.
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An arrangement (1) for storing thermal energy, the arrangement comprising a
circuit {2) containing a working fluid, the circuit having a plurality of pipes (3)
which pipes are distributed throughout a volume of the ground forming a heat
storage, each pipe (3) being arranged in a channel (4) in the ground for heat
exchange between the working fluid and the ground, characterized in that
the arrangement (1) comprises an electrical heating element (b), the electrical
hesating element being arranged in a channe!l (4) in the ground to heat the
ground for storing thermal energy in the heat storage, and the working fluid is

a liquid having a boiling point above 120°C at atrospheric pressure.

An arrangement according to claim 1, characterized in that the circuit (2)
comprises a subcircuit (20) having a set {21) of pipes 3z, 3b, 3¢ of the
plurality of pipes, which pipes are fluidly connected in series and arranged at

different distances from the electrical heating element (5).

An arrangement according to claim 2, characterized in that the arrangement
comprises a heat exchanger (22) and the subcircuit (20) is fluidly connected

{0 the heat exchanger for energy supply from the heat storage.

An arrangement according to claim 3, characterized in that the circuit
comprises a plurality of said subcircuit, which subdcircuits (20, 207) are

connected in paraliel to the heat exchanger (22).

An arrangement according to any preceding claim, characterized in that a
set (23) of pipes (3) of the plurality of pipes is arranged along an imaginary
circle (24) where each pipe is arranged at substantially the same distance

from a centre point, when looking at the ground from above.

An arrangement according to claim 5, characterized in that the elecirical
heating selement {5} is arranged inside the imaginary circle (24), preferably in

the centre point.
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An arrangement according to claim & or 6, characterized in that the
arrangement comprises a plurality of said set of pipes, which sets (23, 23,
237) of pipes (3) are arranged along different imaginary circles (24, 24, 247},
the imaginary circles being arranged concentrically having the centre point in

CoOMmmaon.

An arrangement according o any preceding claim, characterized in that the
arrangement comprises a plurality of said electrical heating element (5),
which electrical heating elements are distributed throughout the volume of the

ground forming the heat storage.

An arrangement according to any preceding claim, characterized in that the
working fluid has a working temperature range from a lowest allowable
temperature o a highest allowable temperature for which working
temperature range the working fluid is a liquid at atmospheric pressure.

An arrangement according to any preceding claim, characterized in that the
working fluid is 2 liquid having a beiling point above 150°C, and preferably

above 200°C, at atmospheric pressure.

An arrangement according to any preceding claim, characterized in that the
working fiuid is an oil or a compound or element in a liquid state, such as a

molhen salt.

A method for storing thermal energy, comprising the steps of heating (100) a
volume of the ground forming a heat storage, by an electrical heating element
(5}, the electrical heating element being arranged in a channel (4") in the
ground to heat the ground for storing thermal energy in the heat storage, and
transferring (200) heat from the heat storage 1o an energy carrier for energy
supply (300), by a circuit (2) containing a working fluid, using the working fluid
being a liguid having a boiling point above 120°C at atmospheric pressure,
the circuit having a plurality of pipes (3} which pipss are distributed
throughout said volume of the ground, each pipe being arranged in a channel
(4) in the ground for heat exchange between the working fiuild and the
ground.
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14.

15.

A method according to claim 12, characterized by using the working fluid
having a working temperature range from a iowest allowable temperature to a
highest allowabie temperature for which working temperature range the

working fiuid is a liquid at atmospheric pressure.

A method according to claim 12 or 13, characterized by using the working
fluid being a liquid having a boiling point above 150°C, and preferably above

200°C, at atmospheric pressure.

A method according to claim 13 and 14, characterized by transferring (400)
heat from an external energy source to the working fluid of the circuit, for
storing thermal energy in the heat storage, the temperature of the working
fluid being increased 1o above 120°C, suitably above 150°C, and preferably
above 200°C by the external energy source.
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