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ENERGY STORAGE

Field of the invention

The present invention relates to an arrangement for storing thermal

energy, comprising at least two tunnels for holding a fluid.

Background of the invention
There is a need for efficient storage of thermal energy within the area
of modern energy technology.

Thermal energy may advantageously be stored in a fluid, such as e.g.
water, above ground in insulated tanks, in ground in insulated pits, or
underground in excavated caverns, using the surrounding ground as
insulation. The thermal energy of the fluid is preserved to a great extent
during an extended period of time. Today, these methods are used in different
parts of the world in order to satisfy the need for storing thermal energy
between different seasons, e.g. storing temporary surplus heat which is used
later on when there is a demand for it and, preferably, when its financial value
is higher. The main transition of energy is from the summer half, when there
is less need for heating, to the winter half, when the need for heating is much
higher. However, there is also much to gain by using the storage for short-
term variations and always actively storing surplus heat. These kinds of
storages may also be used for storage of a colder fluid, to be used for cooling,
as well as for fluid having an intermediate temperature, such as a fluid used in
low temperature systems.

As mentioned above, it is a common solution to store thermal energy in
a fluid located in a cavern, utilizing the surrounding ground as insulation. This
has the advantages of a large storage capacity per unit volume and the
possibility of withdrawing a large output from the storage. Hence, this kind of
storage is suitable both for short and long term storage. However, there are
also substantial disadvantages such as high investment costs.

A further solution is to use a storage comprising a large number of
vertically extending and evenly distributed channels. Hot water is circulated
through the channels, and the ground itself stores the thermal energy. This
has the advantages of low investment costs and the fact that it can be used in
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ground of differing quality. However, the slow speed for transporting heat
through the ground is a huge disadvantage, since high storage and
withdrawal speeds are impossible. Hence, this kind of storage is mostly
suitable for long term storage, i.e. storage between seasons. The thermal
losses to the surrounding ground and the atmosphere are in this case
considerable due to a relatively large surrounding area compared to the
enclosed storage volume. In this type of storage, pipes and pump
arrangements for circulation of liquid are installed for injection and retrieval of
energy. A considerable amount of additional electric energy is therefore
required for these operations, reducing the efficiency of the storage
substantially.

Swedish patent application 0950576-9 discloses one kind of efficient
storage of thermal energy. However, there is still a need for an even more
improved arrangement for storing thermal energy underground.

Summary of the invention

An object according to an aspect of present invention is to provide an
environmentally friendly arrangement for storing thermal energy underground,
in which arrangement overall thermal energy losses can be reduced. A further
object is to provide an improved arrangement for storing thermal energy.

According to a first aspect of the present invention, these objects are
achieved by an arrangement for storing thermal energy, comprising at least
two tunnels for holding a fluid, wherein the tunnels are connected to each
other by at least one channel, such that fluid communication is allowed
between the tunnels, and wherein each tunnel extends at least partially along
a respective circular arc.

By such an arrangement, one accomplishes an effective thermal
storage which can be operated in many different areas at once. Further, this
kind of combination storage combines the advantages of a cavern storage
with the advantages of a channel storage, i.e. the relatively cheap seasonal
storage capacity of a channel storage is combined with the possibilities of
retrieving large output and providing/retrieving heat quickly to/from a cavern
storage. Also, the use of two tunnels facilitates covering a larger volume of
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the ground with storage space, and it facilitates the use of a larger number of
channels.

The tunnels may comprise an inner tunnel and an outer tunnel,
wherein the outer tunnel is arranged around the tunnel. The use of an outer
and an inner tunnel facilitates excavating the storage.

In one embodiment, each tunnel is configured as a helix, the two
tunnels forming an inner and an outer helix wherein the outer helix is
arranged around the inner helix. The helix shape further facilitates excavating
the storage.

In one embodiment, the arrangement further comprises at least one
shaft. The use of a shaft significantly facilitates the extraction and return of
fluid into the storage.

The tunnels may be connected to each other and/or to the shaft by at
least one passage, such that fluid communication is allowed between the
tunnels and/or the shaft. A further advantage to using such passages is that
the construction of the very large storage is simplified.

In one embodiment, the tunnels are connected to the shaft by at least
one channel, such that fluid communication is allowed between the tunnels
and the shaft, magnifying the advantages of the combination storage.

The centre axis of the inner and/or the outer helixes and/or the at least
one shaft extends essentially in a vertical direction.

In one embodiment, the at least one passage is arranged at an angle
relative a horizontal plane allowing thermal natural convection.

In yet another embodiment, the channels are arranged at an angle
relative a horizontal plane allowing thermal natural convection.

The tunnels may be arranged at least partially at different vertical
levels, further facilitating thermal natural convection.

In one embodiment, the tunnel forming the inner helix has a greater
inclination than the tunnel forming the outer helix, such that each turn of each
helix extends essentially parallel to the other helix but at a different vertical
level.

The passages may be arranged such that they are not located directly
above each other in a vertical direction, such that it is possible to drill a
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channel from the top of the storage down to each individual passage, without
piercing another passage.

In one embodiment, the middle section of the arrangement has larger
dimensions than at least one end section of the arrangement, as seen in the
direction of its centre axis. When both end sections of the arrangement are
smaller than the middle section, the storage has an essentially spherical
shape. The use of such a generally spherical shape, comprising both tunnels
and the intermediate ground, minimizes the peripheral area of the storage
and hence the heat loss, while still achieving an as large volume within the
periphery of the storage as possible. When only one end section is smaller,
then the shape essentially corresponds to a cone or a pyramid, as seen in the
direction of the centre axis of arrangement.

The fluid may be chosen from a group comprising: water, a mixture of
water and a coolant, any liquid fuels, such as hydro carbons of fossil origin or
biological origin (bio fuel), salt solution, ammonia, or other refrigerants.

The arrangement may comprise at least one fluid communication
means arranged to extract an arbitrary portion of fluid from the tunnels and/or
the shaft at a suitable vertical level so as to allow processing of the fluid by
means of at least one heat exchanger, wherein the fluid communication
means further is arranged to return processed fluid to the tunnels and/or the
shaft at a suitable vertical level.

In one embodiment, the arrangement further comprises an energy
source coupled to the heat exchanger, which heat exchanger is arranged to
increase or decrease the thermal energy of the fluid.

Further, the energy source may be any of a group of energy sources
comprising an industrial facility or other sources of waste heat, a combined
heat and power plant (CHP), solar panels for heating or for combined
electrical generation and heating, a heat pump, a bio fuel boiler, an electrical

heater, or a fossil fuel boiler.
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Brief description of the drawings

This and other aspects of the present invention will now be described
in more detail, with reference to the appended drawings showing a currently
preferred embodiment of the invention.

Figure 1 shows a top view of a thermal storage according to the
present invention.

Figure 2 shows a side view of an embodiment of the thermal storage
according to figure 1.

Figure 3 shows a schematic cross sectional view of an embodiment of
the thermal storage according to figures 1 and 2.

Figure 4 shows yet another embodiment of a thermal storage

according to the present invention.

Detailed description

Figures 1 and 2 show an embodiment of an arrangement for storing
thermal energy underground which combines a cavern storage, for storing a
part of the energy in a fluid such as water, and a channel storage, for storing
a part of the energy in the ground. The energy which is stored comes
primarily from existing production facilities which are connected to a district
heating system, such as combined heat and power plants. Other possible
thermal energy generators are, e.g., solar collectors and industrial waste
heat.

This kind of energy storage can be used for storage of hot fluid, e.g. up
to 95 °C, and cold fluid, e.g. down to 4 °C, as well as fluid having an
intermediate temperature. Intermediate temperature means a temperature
which is significantly lower than the hottest fluid which can be stored, but
which is higher than the coldest fluid which can be stored, as well.
Intermediate temperature fluid is to be used, e.g., in low temperature
systems. Fluid having an intermediate temperature of for example 40-70 °C is
usually a fluid being returned back into the storage after heat exchange to a
district heating system.

When storing thermal energy in the ground, layering occurs in the

storage, if the storage space has a sufficiently large volume, due to the
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differences in density between volumes of fluid having different temperatures.
The warmer the fluid, the higher up in the storage it is located.

When charging the storage with hot fluid, cold fluid from a lower layer
of fluid is circulated up through the storage and past a heat exchanger where
it is heated. Thereafter it is supplied to the layer of fluid in the storage which
has the corresponding, higher temperature. The process is reversed during
discharge, i.e. hot fluid from an upper layer is circulated to the heat exchanger
where it releases its energy where after it is returned to the layer of storage
which has the corresponding, lower temperature.

When charging the storage with cold fluid, hot fluid from a higher layer
of fluid is circulated up through the storage and past a heat exchanger where
it is cooled off. Thereafter it is supplied to the layer of fluid in the storage
which has the corresponding, lower temperature. The process is reversed
during discharge, i.e. cold fluid from a lower layer is circulated to the heat
exchanger where it absorbs energy where after it is returned to the layer of
storage which has the corresponding, higher temperature.

A combination storage such as that of the present invention combines
the advantages of a cavern storage with the advantages of a channel storage.
The basic idea is to use the relatively cheap seasonal storage capacity of a
channel storage together with the possibilities of withdrawing large output and
providing/retrieving heat quickly to/from a cavern storage. The storage
capacity of the storage is further increased due to the increase in contact area
between fluid and ground.

As shown in figure 2, the storage comprises at least two tunnels 1a, 1b
and one shaft 3 for holding a fluid, and is essentially spherical in shape and
essentially centred around the centre axes of the tunnels 1a, 1b and the shaft
3. The generally spherical shape is chosen to minimise the circumferential
area, and hence the heat losses, of the storage, while still achieving an as
large volume within the storage as possible. Its construction is described in
more detail below.

The shaft 3 is preferably arranged at the centre of the sphere, such
that it extends essentially in a vertical direction along a vertically extending
centre axis of the sphere, and through the entire vertical height of the sphere.
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However, it can also be somewhat displaced in comparison to the vertical
centre axis of the sphere, and it may also be somewhat inclined compared to
the vertical direction.

Each tunnel 1a, 1b circumscribes the shaft 3, i.e. extend at least
partially along a respective circular arc. The tunnels 1a, 1b are essentially
circular as seen in a plane being perpendicular to the direction of the centre
axis of the shaft 3, i.e. have a ring shape. The tunnels 1a, 1b could also have
a more angular shape, being essentially elliptical or polygonal as seen in the
previously mentioned plane. However, the principal shape of the tunnels 1a,
1b is still that of an arc.

The tunnels 1a, 1b are arranged within each other such that they form
at least one inner tunnel 1a and at least one outer tunnel 1b, respectively, and
such that they each have a centre axis which preferably is coaxial with the
centre axis of the shaft 3, i.e., the at least one outer tunnel 1b is arranged
around, and outside, the at least one inner tunnel 1a. However, the tunnels
1a, 1b may be arranged such that their respective centre axis is not coaxial
with the centre axis of the shaft. The centre axes of the tunnels may extend
essentially in a vertical direction or be somewhat inclined compared to the
vertical direction.

The tunnels 1a, 1b are connected to each other and/or to the shaft by a
number of passages 4, such that fluid communication is allowed between the
tunnels 1a, 1b themselves and the shaft 3.

Hence, the entire storage space is made up of a number of individual
storage sections such as e.g. the shaft, the tunnels, and the passages. The
storage needs to have a certain volume in order to facilitate both layering of
fluid, i.e. vertical temperature stratification, and thermal natural convection
within the storage.

Each passage 4 extends either between the outer tunnel 1b and the
inner tunnel 1a, or between the inner tunnel 1a and the shaft 3. The storage
comprises a number of passages 4 distributed such that each tunnel has at
least one passage 4 between the outer tunnel 1b and the inner 1a tunnel and
at least one passage 4 between the inner tunnel 1a and the shaft 3. The
passages 4 may be arranged such that they are not located directly above



WO 2014/070094 PCT/SE2013/051279

10

15

20

25

30

each other in the vertical direction, i.e. making it possible to drill a hole from
the top of the storage down to each individual passage 4, without having to
pierce through another passage. Further, the passages 4 can be arranged at
an angle relative the horizontal plane, in order to allow thermal natural
convection. In one embodiment, the passages 4 which are connected to the
shaft 3 extend completely in the horizontal plane, while the passages 4 which
connect the tunnels 1a, 1b to each other are inclined. The passages 4 may
further be arranged such that they extend radially outwards towards the
periphery of the storage as seen from the shaft 3. However, the passages 4
may be angled such that they extend in the tangential direction of the arched
tunnel in question, or at any other suitable angle.

As shown more clearly in figure 3, the tunnels 1a, 1b are also
connected to each other and/or to the shaft 3 by a number of channels 2,
such that fluid communication is allowed between the tunnels 1a, 1b
themselves and between the tunnels 1a, 1b and the shaft 3. The channels 2
may be arranged as bore holes or pipes. The ground within the sphere, i.e.
the ground located essentially inside the outermost periphery of the storage,
is pierced by a large number of such channels 2, i.e. they are arranged in a
tight pattern in between the tunnels 1a, 1b and the shaft 3. Hence, the
channels 2 are preferably much smaller in dimensions and are arranged in
much higher numbers than the passages 4, since the plurality of smaller
channels 2 are intended to form a tight pattern as opposed to the fewer,
larger passages 4. The channels 2 are arranged with some inclination, i.e.
arranged at an angle, in relation to the horizontal plane, in order to allow
thermal natural convection by gradient flow. The inclination of the channels 2
may, e.g., be between 1:10 and vertically relative the horizontal plane, or less,
to prevent pockets of air to disturb the natural convection.

In one embodiment, the storage may comprise a number of inner
tunnels 1a and a number of outer tunnels 1b, each tunnel 1a, 1b being
configured as a closed loop which is essentially separated from the other
tunnels 1a, 1b. As a figurative example, each tunnel has the shape of a
donut. In this embodiment, the inner tunnels 1a are arranged at a distance
from each other in the vertical direction. There are preferably more than two
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such inner tunnels 1a, and they all have the same dimensions, i.e. radius. A
number of outer tunnels 1b are also arranged at a distance from each other in
the vertical direction. There are preferably fewer such outer tunnels 1b than
inner tunnels 1a, and the outer tunnels 1b all have the same radius, which is
larger than that of the inner tunnels 1a. The inner tunnels 1a are preferably
arranged along the entire vertical height of the shaft 3 between the very ends
of the shaft 3, while the outer tunnels 1b are arranged at a distance from the
very ends of the shaft 3 such that the outer tunnels 1b are restricted to
surrounding only a middle section of the shaft 3. This way, the middle section
of the storage has larger dimensions, i.e. a larger radius, than its end
sections, as seen in a plane perpendicular to the centre axes of the shaft 3,
such that the generally spherical shape of the storage is achieved. However,
it is sufficient if one of the upper or lower end sections of the storage, as seen
in the above mentioned plane, has smaller dimensions than the middle
section of the storage such that the storage has more the shape of a cone or
a pyramid than a sphere. Further, the inner tunnels 1a and the corresponding
outer tunnels 1b are preferably somewhat offset in relation to each other in
the vertical direction, i.e. arranged at different vertical levels.

In other words, the above described embodiment comprises an
arrangement for storing thermal energy comprising at least one inner tunnel
1a and at least one outer tunnel 1b for holding a fluid. The inner and outer
tunnels 1a, 1b are connected to each other by at least one channel 2, such
that fluid communication is allowed between the tunnels 1a, 1b, and
each tunnel 1a, 1b is essentially circular and forms a closed loop. Further, the
outer tunnel 1b is arranged around the inner tunnel 1a.

However, in a preferred embodiment each tunnel 1a, 1b is configured
as a helix, extending around the shaft 3 along the vertically extending centre
axis of the sphere. The helixes 1a, 1b are arranged within each other such
that they form an inner helix 1a and an outer helix 1b, respectively, and they
each have a centre axis which preferably is coaxial with the centre axis of the
shaft 3, i.e., the outer helix 1b is arranged around, and outside, the inner helix
1a. The inner helix 1a and the outer helix 1b together form the outer periphery
of the generally spherical shape.
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In a preferred embodiment, the inner helix 1a extends along the entire
vertical height of the shaft 3 between the very ends of the shaft 3, while the
outer helix 1b begins and ends a distance from the very ends of the shaft 3
such that the outer helix 1b is restricted to surrounding a middle section of the
shaft 3. This way, the middle section of the storage has larger dimensions, i.e.
a larger radius, than its end sections, as seen in a plane perpendicular to the
centre axes of the helixes 1a, 1b, such that the generally spherical shape of
the storage is achieved. However, it is sufficient if one of the upper or lower
end sections of the storage, as seen in the above mentioned plane, has
smaller dimensions than the middle section of the storage such that the
storage has more the shape of a cone or a pyramid than a sphere. Hence,
one or both helixes 1a, 1b may extend along the vertical height of the shaft 3
to one or both end(s) of the shaft 3, if so desired.

Further, the helixes 1a, 1b need not be located within each other nor
share a centre axis with each other or the shaft 3, i.e., other embodiments
than the above described are possible.

Each turn of the respective helix 1a, 1b is essentially circular as seen
in the plane being perpendicular to the direction of the centre axis of the helix
1a, 1b. However, the helix 1a, 1b could also have a more angular shape,
each turn of the helix being essentially elliptical or polygonal as seen in the
plane being perpendicular to the direction of the centre axis of the helix 1a,
1b.

In this embodiment, the passages 4 are distributed such that each
tunnel turn has at least one passage 4 between the outer tunnel 1b and the
inner 1a tunnel and at least one passage 4 between the inner tunnel 1a and
the shaft 3.

As mentioned above, the tunnels 1a, 1b are preferably arranged within
each other such as to form an inner helix 1a and an outer helix 1b. In a
preferred embodiment, the corresponding turns of each helix 1a, 1b are
somewhat offset in relation to each other in the vertical direction. In other
words, the helixes 1a, 1b are spun in the same direction and each turn of the
inner helix 1a is located at a different vertical level compared to a
corresponding turn of the outer helix 1b. In order to achieve this, the inner
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helix 1a preferably has a greater inclination than the outer helix 1b. The
inclination of the inner helix 1a is, e.g., 1:8 while the inclination of the outer
helix 1b is 1:16, i.e. the outer helix 1b has half the inclination of the inner helix
1a if the radius of the outer helix 1b is twice the radius of the inner helix 1a.

However, the helixes 1a, 1b could also have a different configuration
such as being spun in opposite directions, corresponding to the double helix
of the DNA structure. They might still have a common centre axis which is
coaxial with the centre axis of the shaft 3 even though it is not necessarily so.

The fluid used in the storage is preferably water, but could be, e.g., a
mixture of water and a coolant, any liquid fuels such as hydro carbons of
fossil origin or biological origin (bio fuel), a salt solution, ammonia, or other
refrigerants.

The process equipment connected to the storage is arranged in a
processing area, and comprises among other things heat exchangers and
pumps.

As mentioned above, the fluid in the upper parts of the storage has
higher temperatures than the fluid in the lower parts. There are also fluid
layers having intermediate temperatures in the transition zones there
between. In order to use the full potential of the storage, it is important to use
the different, available temperatures effectively. One condition is that the
storage is provided with inlets and outlets at different heights. Hence, there
are a number of fluid communication means 5, e.g. telescopic pipes, which
run from the processing area and down through the shaft 3, and which are
arranged to extract a portion of fluid from the shaft 3 at a suitable vertical level
s0 as to allow processing of the fluid by means of at least one heat
exchanger. The fluid communication means 5 are further arranged to return
processed fluid to the shaft 3 at a suitable vertical level.

The storage further comprises an energy source coupled to the heat
exchanger, which heat exchanger is arranged to increase or decrease the
thermal energy of the fluid, depending on the application. The storage can be
used both for heating, i.e. the fluid which is returned to the storage has a
lower temperature than when it was extracted, and for cooling, i.e. the fluid
which is returned to the storage has a higher temperature than when it was
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extracted. The energy source is, e.g., an industrial facility or other sources of
waste heat, a combined heat and power plant (CHP), solar panels for heating
or for combined electrical generation and heating, a heat pump, a bio fuel
boiler, an electrical heater, or a fossil fuel boiler.

As seen in figure 4, the storage may be provided with a second shaft 6
located outside the spherical storage, but extending essentially in parallel with
the first shaft 3. The second shaft 6 is connected to the bottom of the
spherical storage, such that cold fluid can be stored or withdrawn from the
storage without passing through the upper parts of the storage, hence being a
part of the storage while still avoiding unnecessary cooling of the storage.
Further, the shaft 6 may comprise a second energy storage such as that
shown in figure 3, being a cold storage for, e.g., ice, snow, water, or rock
energy storage. In this embodiment, if water is used, the order of the layers
having different temperatures is changed as compared to the previously
discussed embodiments. The heaviest water, at 4 °C, is located at the very
bottom of the storage, while ice, having a lower density than water, is located
at the very top of the storage, floating on top of the water. Water at
approximately O °C is located in between the ice and the 4 °C water.

The person skilled in the art realizes that the present invention by no
means is limited to the preferred embodiments described above. On the
contrary, many modifications and variations are possible within the scope of

the appended claims.
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CLAIMS

. Arrangement for storing thermal energy, comprising at least two

tunnels (1a, 1b) for holding a fluid,

wherein said tunnels (1a, 1b) are connected to each other by at least
one channel (2), such that fluid communication is allowed between
said tunnels (1a, 1b), and

wherein each tunnel (1a, 1b) extends at least partially along a

respective circular arc.

. Arrangement according to claim 1, wherein said tunnels (1a, 1b)

comprise an inner tunnel (1a) and an outer tunnel (1b), wherein the
outer tunnel (1b) is arranged around the tunnel (1a).

. Arrangement according to claim 1, wherein each tunnel (1a, 1b) is

configured as a helix, the two tunnels (1a, 1b) forming an inner helix
(1a) and an outer helix (1b), wherein the outer helix (1b) is arranged
around the inner helix (1a).

. Arrangement according to any of the previous claims, further

comprising at least one shaft (3).

. Arrangement according to any of the previous claims, wherein said

tunnels (1a, 1b) are connected to each other and/or to said shaft (3) by
at least one passage (4), such that fluid communication is allowed
between said tunnels (1a, 1b) and/or said shaft (3).

. Arrangement according to claim 4 or 5, wherein said tunnels (1a, 1b)

are connected to said shaft (3) by at least one channel (2), such that
fluid communication is allowed between said tunnels (1a, 1b) and said
shaft (3).

. Arrangement according to any of the previous claims, wherein at least

a centre axis of said inner tunnel (1a) and/or said outer tunnel (1b)
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and/or said at least one shaft (3) extend essentially in a vertical
direction.

8. Arrangement according to any of claims 5-7, wherein said at least one
passage (4) is arranged at an angle relative a horizontal plane allowing
thermal natural convection.

9. Arrangement according to any of the previous claims, wherein said
channels (2) are arranged at an angle relative a horizontal plane
allowing thermal natural convection.

10. Arrangement according to any of the previous claims, wherein said
tunnels (1a, 1b) are arranged at least partially at different vertical

levels.

11.Arrangement according to any claims 3-10, wherein the tunnel (1a)
forming said inner helix has a greater inclination than the tunnel (1b)
forming said outer helix.

12. Arrangement according to any of claims 5-11, wherein said passages
(4) are arranged such that they are not located directly above each
other in a vertical direction.

13. Arrangement according to any of the previous claims, wherein the
middle section of said arrangement has larger dimensions than at least
one end section of said arrangement, as seen in the direction of its

centre axis.

14. Arrangement according to any of the previous claims, wherein said
fluid is chosen from a group comprising: water, a mixture of water and
a coolant, any liquid fuels, such as hydro carbons of fossil origin or
biological origin (bio fuel), salt solution, ammonia, or other refrigerants.

15. Arrangement according to any of the previous claims, further
comprising at least one fluid communication means (5) arranged to
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extract an arbitrary portion of said fluid from the tunnels (1a, 1b) and/or

shaft (3) at a suitable vertical level so as to allow processing of said

fluid by means of at least one heat exchanger, wherein said fluid

communication means (5) further is arranged to return processed fluid
5 to the tunnels (1a, 1b) and/or shaft (3) at a suitable vertical level.

16. Arrangement according to claim 15, further comprising an energy
source coupled to said heat exchanger, which heat exchanger is
arranged to increase or decrease the thermal energy of the fluid.

10
17.Arrangement according to claim 16, wherein said energy source is any
of a group of energy sources comprising: an industrial facility or other
sources of waste heat, a combined heat and power plant (CHP), solar
panels for heating or for combined electrical generation and heating, a
15 heat pump, a bio fuel boiler, an electrical heater, or a fossil fuel boiler.

18. Arrangement according to any of the previous claims, further

comprising a second shaft (6).

20



