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Termal energy storage comprising an expansion space

Field of the invention

The present invention relates to an arrangement for storing thermal
energy, comprising a shaft and at least one tunnel, the shaft and the at least
one tunnel being in fluid communication with each other. The shaft and the at

least one tunnel are adapted for holding fluid for thermal storage.

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.qg.
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.

When storing thermal energy underground, one must consider that the
warmer the fluid becomes, the more it expands, and hence the more space
the fluid requires. Further, one must consider the possibility of leakage or
accidents where fluid enters into areas of the storage where it is not
supposed to be, and hence the easy, fast and safe removal of such fluid.
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Further, one must consider the influence which the storage might have on the
surrounding ground water level.
Swedish patent application 0950576-9 discloses one kind of efficient
storage of thermal energy. However, there is still a need for an even more
5 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,
10 in which arrangement overall thermal energy losses can be reduced. A further
object is to provide an improved arrangement for storing thermal energy
having sufficient expansion and safety space without incurring unnecessary
construction or operating costs, and an arrangement wherein any fluid located
within the expansion and safety space can be used in the thermal energy
15 storing cycle.

According to a first aspect of the present invention, these objects are
achieved by an arrangement for storing thermal energy, comprising a shaft
and at least one tunnel, the shaft and the at least one tunnel being in fluid
communication with each other, the tunnel comprising at least afirst, a

20 second, and a third tunnel section, the second tunnel section being arranged
between and connected to the first and third tunnel sections, the second
tunnel section being sealed off at an end connected to the third tunnel
section, and the third tunnel section further being connected to the shaft, the
shaft and first and third tunnel sections being adapted for holding fluid for

25 thermal storage, the second tunnel section being adapted for use as an
expansion space should a volume of the fluid expand beyond a volume of the
shaft and the first and third tunnel sections, the arrangement further
comprising a first transfer means for passing the expanded fluid volume from
the shaft and/or the third tunnel section temporarily into said first tunnel

30 section, and a second transfer means for passing the expanded fluid volume
from the first tunnel section to the second tunnel section.

Such an arrangement facilitates a thermal energy storage having a
number of built-in expansion spaces, which allows the storage to be flooded



WO 2014/070095 PCT/SE2013/051280

by excess fluid or to contain too little fluid, without the consequences being
too severe.

The first transfer means may comprise a pipe or a channel.

The second transfer means may comprise a pipe, a channel, a partial

5 wall, or a one-way valve. As far as possible, the arrangement uses gravity,
I.e. the easiest and cheapest solution possible, for passing the fluid of the
storage from one part to another.

In one embodiment, the arrangement further comprises a separate
machine room being arranged in proximity to the shaft, and third transfer

10 means connecting the machine room to the second tunnel section. The
transfer means facilitates easy and safe removal of fluid from the machine
room to the tunnel.

The third transfer means may comprise a pipe or a channel. As far as
possible, the arrangement uses gravity, i.e. the easiest and cheapest solution

15 possible, for passing the fluid of the storage from one part to another.

In a further embodiment, an amount of fluid is passed from the second
tunnel section to the first tunnel section, by a pump means, should the fluid
volume in the first tunnel section fall below a predetermined limit value. This is
yet another simple solution used for maintaining the pressure within the

20 arrangement.

According to a second aspect of the present invention, these objects
are achieved by the use of such an arrangement for storing thermal energy.

Generally, all terms used in the claims are to be interpreted according
to their ordinary meaning in the technical field, unless explicitly defined

25 otherwise herein. All references to "a/an/the [element, device, component,
means, etc]" are to be interpreted openly as referring to at least one instance
of said element, device, component, means, etc., unless explicitly stated
otherwise. Further, by the term “comprising” it is meant “comprising but not
limited to” throughout the application.

30
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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 an embodiment of an arrangement
according to the present invention.

Figure 2 shows a cross-sectional side view of an embodiment of an

arrangement according to the present invention.

Detailed description

Figures 1 and 2 show one embodiment of an arrangement for storing
thermal energy underground. The heat 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 heat generators are,
e.g., solar collectors and industrial waste heat.

The arrangement comprises a shaft 1 and at least one tunnel 2. The
shaft 1 and the tunnel 2 are in fluid communication with each other. The shaft
1 extends essentially vertically, while the at least one tunnel 2, e.g., is
arranged such that it surrounds the shaft 1 in the form of a helix spiral from
the top to the bottom of the shaft 1.

The tunnel 2 comprises at least three sections, i.e. a first tunnel section
2a, a second tunnel section 2b, and a third tunnel section 2c. The tunnel
sections 2a-2c are arranged consecutively along the extent of the tunnel, i.e.
first the first section 2a, thereafter the second section 2b, and finally the third
section 2c¢ as seen in the vertical direction from its top to its bottom. The third
section 2¢ may actually comprise a number of subsections, however, for the
sake of simplicity, the description below always refers to the third section 2¢
as a single section.

One end of the first tunnel section 2a constitutes the very entrance into
the tunnel, which often is located at ground surface level.

The first tunnel section 2a is further connected to the third tunnel
section 2¢ and/or the shaft 1, preferably at the bottom part, through the use of

first transfer means 5. When the fluid volume of the first tunnel section 2a falls
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below a predetermined limit value, and hence also the pressure in the
storage, the first transfer means 5 may be used to pass fluid from the third
tunnel section 2c and/or the shaft 1 to the first tunnel section 2a in order to
reach a volume above a predetermined. If necessary, fluid may be passed
from the first tunnel section 2a to the third tunnel section 2c and/or the shaft 1
in the corresponding way also using the first transfer means 5. l.e., the
balancing of the pressure in tunnel section 2a is done using the first transfer
means 5 for increasing or decreasing the amount of fluid within tunnel section
2a.

The second tunnel section 2b is arranged between the first 2a and third
2c tunnel sections such that it is connected to the first tunnel section 2a at
one end 6 and the third tunnel section 2¢ at the opposite end 4. The end 6
which is connected to the first tunnel section 2a is open for fluid
communication, even though not completely, through the use of second
transfer means 6, which are described in more detail below. The end 4 which
is connected to the third tunnel section 2c¢ is sealed off impermeably such that
no fluid can pass from the third tunnel section 2c¢ to the second tunnel section
2b. The opposite end of the third tunnel section 2c is, in turn, connected to the
shaft 1, preferably a bottom portion of the shaft 1.

The shaft 1 and the third tunnel section 2c are adapted for holding fluid
for thermal storage, i.e. they hold fluid during normal use of the storage. The
amount of fluid is usually such that the shaft 1 and the third tunnel section 2¢c
are completely filled with fluid. The first tunnel section 2a mainly holds a
certain level of fluid for the purpose of maintaining the pressure in the storage
at a level within a predefined interval, i.e. the first tunnel section 2a usually
holds fluid for thermal storage and is therefore a part of the storage
arrangement. It may however also function as a temporary short term buffer
area in response to small amounts of excess fluid from or a shortage of fluid
in the shaft 1 and/or the third tunnel section 2c, i.e. a change of the fluid level
occurs within the first tunnel section 2a in response to expansion or

contraction of the fluid in shaft 1 and the third tunnel section 2c¢. .



WO 2014/070095 PCT/SE2013/051280

10

15

20

25

30

The second tunnel section 2b, however, is to be used merely as an
expansion space. If the volume of the fluid located in the shaft 1 and the third
tunnel section 2¢ expands, e.g. due to heat, the excess volume of fluid is
passed from the shaft 1 or the third tunnel section 2c into the first tunnel
section 2a by first transfer means 5 such as a pipe or a channel.

Should the volume of the first tunnel section 2a also be insufficient for
holding the excess volume of fluid, then the fluid is passed from the first
tunnel section 2a into the second tunnel section 2b via second transfer means
6 such as a pipe, a channel, a partial wall, or a one-way valve arranged
between the first 2a and second 2b tunnel sections. Independently of its exact
design, the second transfer means 6 is arranged such that it passes fluid from
the first tunnel section 2a into the second tunnel section 2b only when a
certain volume is exceeded within the first tunnel section 23, i.e. it essentially
functions as a spillway. E.g., if the connection 6 between the first tunnel
section 2a and the second tunnel section 2b comprises a partial wall, this
partial wall extends within the tunnel 2 such that the height of the partial wall
is adapted to always keep a certain volume of fluid within the first tunnel
section 2a. Any excess fluid, above this volume, will flow over the top of the
partial wall 6 into the second tunnel section 2b.

The arrangement further comprises a separate machine room 3 being
arranged in proximity to the shaft 1, i.e. the machine room 3 and the shaft 1
are not connected to each other, e.g. by means of a tunnel, but are
nevertheless arranged quite close to one another. The arrangement also
comprises a third transfer means 7 which connects the machine room 3 to the
second tunnel section 2b. The machine room 3 comprises the process
equipment for the arrangement, e.g. heat exchangers, pumps, and telescopic
extraction pipes used to extract and return fluid from and to the shaft of the
storage. Should a volume of fluid enter the machine room 3, e.g. from the
shaft 1 or from tunnel 2a, as the result of a leakage or an accident, the third
transfer means 7 is used to remove the fluid from the machine room and pass
it to the second tunnel section 2b. The third transfer means 7 is preferably a
pipe or a channel. Since the machine room 3 preferably is located above the
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tunnel 2b, as seen in the vertical direction, it is suitable to let gravity perform
the removal.

When the fluid volume of the first tunnel section 2a falls below a
predetermined limit value, and hence also the pressure in the storage, pump
means 8 may be used to pass fluid from the second tunnel section 2b to the
first tunnel section 2a in order to reach a volume above a predetermined. l.e.,
the balancing of the pressure in tunnel section 2a is done using the pump
means 8 for increasing or decreasing the amount of fluid within tunnel section
2a.

Should the volume of fluid in the second tunnel section 2b become too
large, and if it would be impossible to transfer it to the first tunnel section 2a,
then the excess fluid is to be pumped outside the arrangement, e.g. to a
surface water runoff. This is however to be avoided as far as possible, since
water has an economical value and is a limited natural resource.

The fluid pressure level in tunnel section 2a and thus also the pressure
level in the storage should, when the fluid consists of water, be balanced to
the level of the surrounding ground water pressure. However, when the fluid
is not water, the fluid pressure level in tunnel section 2a should be balanced
to a level slightly below the level of the surrounding ground water pressure, in
order to eliminate leakage of fluid from the storage to the surrounding ground
water, and hence the influence on the surrounding ground water. This method
is for example to be used when storing hydrocarbon with fossil origin or
biological origin (bio-fuel), salt solutions, brine, ammonia, or some other
cooling medium in unlined caverns.

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. For example, the arrangement of machine room,
transfer means, tunnel sections, and shaft relative each other may vary in the
vertical direction, such that the use of pumps, channels, pipes, or valves is

adapted to the specific storage configuration.



CLAIMS
1. Arrangement for storing thermal energy, comprising a shaft and at

least one tunnel, said shaft and said at least one tunnel being in fluid
communication with each other, said tunnel comprising at least a first,
a second, and a third tunnel section, said second tunnel section being
arranged between and connected to said first and third tunnel sections,
said second tunnel section being sealed off at an end connected to
said third tunnel section, and said third tunnel section further being
connected to said shaft,
said shalft and first and third tunnel sections being adapted for holding
fluid for thermal storage,
said second tunnel section being adapted for use as an expansion
space should a volume of said fluid expand beyond a volume of said
shaft and said first and third tunnel sections,
said arrangement further comprising a first transfer means for passing
said expanded fluid volume from said shaft and/or said third tunnel
section into said first tunnel section,
and a second transfer means for passing said expanded fluid volume
from said first tunnel section to said second tunnel section.

2. Arrangement according to claim 1, wherein said first transfer means

comprises a pipe or a channel.

3. Arrangement according to any of the previous claims, wherein said
second transfer means comprises a pipe, a channel, a partial wall, or a

one-way valve.

4. Arrangement according to any of the previous claims, further
comprising a separate machine room being arranged in proximity to
said shalft, and third transfer means connecting said machine room to

said second tunnel section.

5. Arrangement according to claim 4, wherein said third transfer means
comprises a pipe or a channel.



6. Arrangement according to any of the previous claims, wherein an
amount of fluid is passed from said second tunnel section to said first
tunnel section by a pump means, should the fluid volume in said first
tunnel section fall below a predetermined limit value.

7. Use of an arrangement according to any of the previous claims, for
balancing the fluid level in the storage to a level slightly below the
surrounding ground water level in order to eliminate leakage of fluid
from the storage to the surrounding ground water.

8. Use of an arrangement according to any of claims 4-6, for connecting
said machine room to said second tunnel section for drainage and/or
safety reasons.



