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The invention relates to a heat storage device (1), a heat storage system (15) having at least one heat storage device (1) and a
method for operating a heat storage device (1).
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Abstract

The invention relates to a heat storage device (1), a heat storage system (15) comprising
at least one heat storage device (1), and a method for operating a heat storage de-

vice (1).

(Fig. 1)
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Heat storage device, heat storage system, and method for operating a heat storage
device

The invention relates to a heat storage device. Furthermore, the invention relates to a
5  heat storage system. Moreover, the invention relates to a method for operating a heat

storage device.

Heat storage devices have been known for a long time according to the state of the art.
Heat storage devices are storage devices for thermal energy (energy storage devices).
Heat storage devices can be built in different sizes, which encompass small decentral
10  systems and large central storage devices. They are available both as short-term and as
seasonal storage devices and can absorb and release low-temperature heat for heating
rooms or high-temperature heat for industrial applications depending on their architec-
ture. Hence, the most important aim of heat storage devices aside from storing thermal

energy is to make it possible for generated heat to be used at a later point in time.

15 A heat storage device and a method for storing heat are known from DE 10 2017 217
963 A1. Devices and methods of this kind arc used in particular in at least partially
electrically driven motor vehicles (electric vehicles) in order to cover as much of the
amount of heat required during operation with stored head and to thereby minimize the

electrical energy consumption of components not relevant to propulsion.

20  The heat storage devices from the state of the art have a heat storage capacity that leaves
room for improvement. In other words, the efficiency of the known heat storage devices

can still be increased.

Hence, the object of the present invention is to overcome the disadvantages known from

the state of the art.

25  This object is attained by a heat storage device having the features of claim 1, by a heat
storage system comprising at least one heat storage device and having the features of
claim 11, and by a method for operating a heat storage device having the features of

claim 13.

The heat storage device according to the invention comprises a storage container for

30  storing heat, the storage container having at least two openings, at lcast one heating
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element and at Ieast one heat storage means being disposed in the storage container. In
other words, a heating element in addition to a heat storage means is located within the

storage container of the heat storage device.

The heat storage device has a support matrix for supporting the heating element. The
presence of the support matrix allows the at least one heating element to be supported in
a simple manner. Furthermore, multiple heating elements can be positioned at a defined

distance from each other.

Preferably, the support matrix is disposed between the at least one heating element and
the at least one heat storing means. Preferably, the heat storing means comprises the
support matrix. In other words, the support matrix can be part of the heat storing means.
Particularly preferably, the support matrix has an offset for accommodating the at least
one heating element. This allows heating elements to be supported in a simple manner.
The term support matrix can refer to a support or a mount. The support or the mount can

be configured to accommodate the at least one heating element.

Further preferably, the support matrix has a plurality of components, in particular bars,
which run horizontally and/or vertically in a plane formed by the support matrix.
Further preferably, the support matrix has a frame accommodating or surrounding or
enclosing said components. The support matrix can also be configured as a grid

structure.

Particularly preferably, at lcast one cable or wire for supplying the heating clements

with electricity is routed through the support matrix, in particular the components.

The term heat storage device refers to a storage device for thermal energy. Preferably,
the heating element is a component of a heating device, the heating element being
configured to be operated by means of a power supply of the heating device. Preferably,
the heat storage container has insulation. The heat storage container can be interpreted

as a storage container.

The heat storage device can be used to efficiently store excess electrical energy from
highly fluctuating regenerative sources (such as wind or photovoltaics) or connected
electrical grids in the form of heat at a high temperature level. This ensures a stabiliza-

tion of the electrical grid. The heat stored within the storage container can be used—for
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example, for being converted into electricity as needed through a steam process, ORC,

etc.—or be transferred to a process (industrial heat supply) at a later date.

Preferably, the following applies to an introduction of heat into the storage container:
- the heat storage device is configured to transport a gas into the storage container via at
5  least one first opening,

- the heating element is configured to heat the transported gas,

- the storing means, which are disposed downstream of the heating element, are config-

ured to store the heat of the heated gas, and

- the heat storage device is configured to transport the gas that has transferred the heat to
10  the storing means and has consequently cooled back out of the storage contained via at

least one second opening.

The gas transported into the storage container via the at least one first opening during

the introduction of heat preferably has a temperature of < 120°.

Thus, the heat storage device is configured to heat a gas, preferably air, or a gas flow,

15  preferably an air flow, using electrical energy with the highest efficiency possible
directly within the thermal storage container. Particularly preferably, the gas is heated to
approximately 1000 °C. The hot gas produced thereby subsequently flows through the

heat storing means in order to transfer its heat to them.

In other words, the heat storage device allows a gas flow to be transported from the first
20  opening through the storage container in the direction toward the second opening. The

gas is heated by the heating element in the process and is guided to the storing means.

There, the heat is transferred from the gas to the heat storing means and is stored by the

latter.

Preferably, the heat storing means are stacked molded bricks. Preferably, the first

25  opening and the second opening are connected to a circuit.

Particularly preferably, other openings besides the first opening and the second opening
can be provided, said other openings allowing a gas flow to enter the interior of the

storage container or to leave the storage container.

Preferably, the following applies to a withdrawal of heat from the storage container:

Date Recgue/Date Received 2022-01-28



10

15

20

25

30

CA 03149122 2022-01-28

4

- the heat storage device is configured to transport a gas into the storage container via
the at least one second opening,

- the storing means are configured to transfer the stored heat to the gas and heat the
latter, and

- the heat storage device is configured to transport the heated gas that has passed the

storing means out of the storage container via the at least one first opening.

The gas transported through the at least one second opening during the withdrawal of

heat from the storage container preferably has a temperature of < 120°.

In a heat introduction direction, the heat storage device can comprise a first gas distribu-
tion chamber, which is disposed upstream of the heating element. Furthermore, the heat
storage device can comprise a second gas distribution chamber, which is disposed
downstream of the storing means, in a heat introduction direction. The presence of the
gas distribution chambers allows a homogenous distribution of the entering gas across

the cross section of the storage device to be achieved.

As mentioned above, other openings besides the first opening and the second opening
can be provided, said other openings allowing a gas flow to enter the interior of the

storage container or to leave the storage container.

Preferably, spaces between at least two adjacent heating elements are hermetically
sealed. Thus, horizontal spaces between the heating elements through which no gas is
supposed to flow can be sealed. The spaces are preferably airtight, resistant to heat
and/or electrically insulating. Chamotte or a fiber insulant can be used as material, for

example.

Further preferably, a flow homogenizer can be disposed on either side of the heating
element. The term flow homogenizer can refer to a flow equalizer. Alternatively, a flow
homogenizer can be disposed on cither side of multiple layers of heating elements and
between the same. The presence of the flow homogenizer allows an additional homoge-
nization of the gas flow to be achicved. The flow homogenizer can be composed of a
ceramic material or a metallic material or a combination of different materials in the
form of bulk material, foam, a grid or a perforated plate, for example. The flow homog-

enizer on top of the heating elements can differ from the flow homogenizer at the
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bottom or between the heating elements in terms of material and structure. The flow
homogenizer on top of the heating elements can be configured to be walked on for

maintenance purposes.

Particularly preferably, at least two layers of heating elements are stacked on top of
cach other. The presence of multiple layers of heating elements allows the installed
thermal capacity to be adapted to greatly varying gas volume flows by switching

individual heating element layers on and off.

Particularly preferably, the at least one heating element through which the gas can flow
comprises an electrically conductive metallic or ceramic honeycomb structure. Prefera-
bly, the honeycomb structure is a honeycomb body. The honeycomb structure can have
any overall cross section, such as a circle, a rectangle, a square, a hexagon, a polygon or
a spiral. The individual channels of the honeycomb structure can also have any cross
section, such as a square, a hexagon, a circle or a wavy shape comparable in particular
to corrugated cardboard. The honeycomb structure is configured to allow the gas or the
gas flow to flow through it. When the heating element is activated, the honeycomb
structure heats up in such a manner that the gas flowing through the honeycomb

structure 1s heated as well.

The presence of the honeycomb structure results in a very large surface for transferring
heat between the heating element and the gas flow and in an enlarged overall cross
section on which the flow can act. The resulting low air speeds during the passage
through the heating elements in combination with a preferably straight channel shape of
the honeycombs lead to a minimized air resistance. The flow passes through the
honeycomb structure or the channels of the honeycomb structure in the longitudinal
direction. Furthermore, the amount of electrical energy consumed by, for example, a fan

in storage mode is reduced.

Further preferably, the heating elements are disposed in the shape of a line or extend in
a meandering or helical shape. The heating elements are disposed at the surface of the
storage device or extend at the surface of the storage device. For example, a linear
arrangement is particularly suitable for structurally identical, rectangular, oblong
heating clements in storage containers having a square or rectangular flow cross section.

Heating elements connected in series and disposed in a meandering shape are particular-
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ly suitable for distributing the heating clements evenly across a storage cross section of
any shape, such as a circular or polygonal shape. A helical arrangement results in the
option of disposing multiple heating element groups each composed of heating elements
connected in series as spiral arms clectrically connected in parallel around a central

5  electrical connection point with the result that the number of holes required for electri-

cal connections on the storage container is reduced to a minimum.

Particularly preferably, the heating elements are connected in series and/or in parallel.
This allows the corresponding heating element to be energized, i.c., activated, depend-
ing on the application. The heating elements can be connected to available AC/DC

10  voltage sources in the intermediate or low voltage range at 10 to 20 kV AC or 1000 to
1500 V DC in the case of larger installations, for example. The heating elements can be
electrically connected in series and/or in parallel to form heating element groups

depending on the shape and the electrical resistance.

Heating element groups of heating elements which can be switched on and off inde-

15  pendently of each other can be formed.

Additionally, the output of the individual heating elements can be specifically changed
by switching them on/off or changing the connection of the heating elements by means
of a switching system outside of the storage container in order to minimize temperature

differences in the heating gas at the storage surface.

20  Moreover, the thermal inertia of the overall system can be minimized since the heating
elements rest on the storing means without any additional housing and heat insulation

and therefore are part of the thermally exploitable overall storage mass themselves.

The heat storage system according to the invention comprises at least one heat storage
device as described above, the heat storage device being connected to or interconnected

25  with a heat consumer. A connection can be established via a pipe system.

Preferably, the storage system can comprise a pipeline system comprising at least one
throttle member and/or at least one fan. The term throttle member can refer to a flap or a
valve. The term fan can refer to a device that accelerates the gas or the gas flow upon

activation.
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The method according to the invention for operating a heat storage device comprises the
following sequential steps for introducing heat into the storage container:

- transporting gas into the storage container through the first opening,

- heating the transported gas by means of the heating element,

- storing the heat of the heated gas by means of the storing means, and

- transporting the gas that has transferred the heat to the storing means out of the storage

container through the second opening.

Charging means introducing heat into the storage container. When the heat storage
device is being charged, gas flows first through the at least one heating element and then
through the storing means vertically from the top to the bottom. The heating means is
activated, i.e., supplied with electricity, at the time. Preferably, a gas is heated from a

temperature of < 120° to approximately 800 °C to 1000 °C during the heat introduction.

Particularly preferably, the method for operating the heat storage device comprises the
following sequential steps for withdrawing heat from the storage container:

- transporting gas into the storage container through the second opening,

- transferring the heat from the storing means to the transported gas, and

- transporting the gas that has transferred the heat to the storing means out of the storage

container through the second opening.

Discharging means withdrawing heat from the storage container. During the discharging
of the heat storage device, gas flows through the storing means and the heating means
vertically from the bottom to the top. The heating means is deactivated, i.e., no current
is flowing, at the time. Alternatively, the heating means can also be activated in order to
continue heating the exiting gas. Preferably, a gas is heated from a temperature of

<120° to approximately 800 °C to 1000 °C during the heat withdrawal.

Hereinafter, the invention is discussed in more detail with reference to the accompany-

ing drawings.

Figure 1 is a schematic section through an embodiment of the device according to

the invention;

Figure 2 shows a detail A of Figure 1;

Date Recgue/Date Received 2022-01-28



10

15

20

25

CA 03149122 2022-01-28

Figure 3 is a schematic top view of a heating device according to Figure 1;
Figure 4 shows an alternative embodiment of the heating device of Figure 1;
Figure 5 shows another alternative embodiment of the heating device of Figure 1;

Figure 6 shows a detail A of Figure 4;

Figure 7 is a schematic view of an embodiment of a heat storage system according

to the invention in charging mode;
Figure 8 shows the embodiment according to Figure 7 in discharging mode; and
Figure 9 is a schematic view of another embodiment of the heat storage system.

In Figure 1, a heat storage device 1 comprising a storage container 2 for storing heat is
shown, storage container 2 having at least two openings 3, 13. A plurality of heating
elements 7 and heat storing means 11 are disposed in storage container 2. Heat storing
means 11 are stacked molded bricks which serve to store heat or absorb heat in the first

mstance.

A first gas distribution chamber 4 is disposed downstream of a first opening 3 in a
transport direction of the gas. Gas distribution chamber 4 serves to homogenize the
inflowing gas. Gas distribution chamber 4 is followed by a first flow homogenizer 5.
First flow homogenizer 5 additionally serves to homogenize the gas. Heating elements 7
are disposed downstream of first flow homogenizer 5. Heating elements 7 are part of a

heating device 6.

A support matrix 9 is provided for supporting heating elements 7, as shown in detail in
Figure 2. For supplying heating element 7 with electricity, heating device 6 additionally
has an electrical power supply 8 including lines. A second flow homogenizer 10 is
connected downstream of support matrix 9 and heating clements 7. Both first flow

homogenizer 5 and second flow homogenizer 10 are optional.

Second flow homogenizer 10 is followed by heat storing means 11. As mentioned
above, heat storing means 11 are molded bricks, which are stacked at an offset. A

support 12 is provided between a second gas distribution chamber 14 and molded
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bricks 11. A second opening 13 is disposed downstream of second gas distribution

chamber 14.

Spaces between two adjacent heating elements 7 are hermetically sealed. Heat-resistant
and electrically insulating materials can be used as materials for the hermetic seal.

Heating elements 7 can be connected in series or in parallel.

As shown in Figures 1 and 2, heating elements 7 are disposed at the surface of the
storage device. Heating elements 7 can be disposed in different shapes. Figure 3 shows
a circuitry in which four rows of heating elements 7 are connected in parallel. Accord-
ing to Figure 4, heating elements 7 are connected in series one behind the other, heating
elements 7 extending in a meandering shape. According to Figure 5, heating elements 7
are connected in series one behind the other, heating elements 7 extending in a helical

shape.

Figure 6 is a top view of a heating element 7 of Figure 4 with electrical connections 25,
26. Heating clement 7 has a rectangular cross section with a honeycomb structure or a
honeycomb body 30 with hexagonal channels. The gas or the gas flow flows through
honeycomb structure 30 of heating element 7 perpendicularly with respect to the
drawing plane, i.c., into or out of the drawing plane. In other words, the gas flows
through the honeycomb structure or the channels of the honeycomb structure in the
longitudinal direction. The presence of the honeycomb structure 30 results in an
enlarged overall cross section on which the flow can act, a large surface for transferring
heat, and a straight channel shape with low flow resistance. Alternatively, other shapes
are conceivable for the honeycomb body 30, such as a circle, an oval, a rectangle or a
polygon. Other shapes are also conceivable for the honeycomb channels, such as a
square, a circle, a hexagon or a wavy shape comparable in particular to corrugated

cardboard.

Figure 7 shows a heat storage system 15 comprising a heat storage device 1 according
to Figure 1. Heat storage system 15 has a heat consumer 16 in addition to heat storage

device 1. Heat consumer 16 is connected to heat storage device 1 via a pipeline system.

Furthermore, Figure 7 shows a circuit 17. First circuit 17 serves to charge heat storage

device 1. Charging means introducing heat into storage container 2. Arrows P1 illustrate
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the flow direction of the gas in circuit 17. Circuit 17, which comprises pipelines, has to
throttle members 23, 21. Throttle members 23, 21 can be used to influence the flow

speed of the gas flow.

Heat storage device 1 (see Figure 1) is configured to transport a gas into storage

5  container 2 via first opening 3. Heating clement 7 is configured to heat the transported
gas. Storing means 11, which are disposed downstream of heating element 7, are
configured to store the heat of the heated gas. Furthermore, heat storage device 1 is
configured to transport the gas that has transferred the heat to storing means 11 and has

consequently cooled back out of storage container 2 via second opening 13.

10 Contrary to Figure 7, Figure 8 shows a discharging of the heat storage device. In
Figure 8, a second circuit 18 is shown. Second circuit 18, which comprises pipelines,
serves to discharge heat storage device 1. Discharging means withdrawing heat from
storage container 2. Arrows P2 illustrate the flow direction of the gas in circuit 18.
Circuit 18 has two throttle members 22, 20. Throttle members 22, 20 can be used to

15 influence the flow speed of the gas flow.

Heat storage device 1 (see Figure 1) is configured to transport a gas into storage
container 2 via second opening 13. Storing means 11 are configured to transfer the
stored heat to the gas and heat it. Furthermore, heat storage device 1 is configured to
transport the heated gas that has passed storing means 11 back out of storage container 2

20 in the direction of consumer 16 via the at least one first opening 3.
Moreover, heat storage system 15 has a pipeline 19, which comprises a fan 24.

Figure 9 shows another heat storage system 15. Unlike in the case of heat storage
system 15 according to Figures 7 and 8, other heat storage devices 1 in addition to the
one heat storage device 1 are present in heat storage system 15, only one of these

25  multiple other heat storage devices 1 being shown for reasons of clarity.

The presence of heat storage device 1 or of heat storage system 15 as described above
allows excess electrical energy from highly fluctuating regenerative sources or connect-
ed power grids, for example, to be efficiently stored in the form of heat at a high

temperature level so as to thereby stabilize the power grid.
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Reference signs

heat storage device

storage container

first opening

first gas distribution chamber
first flow homogenizer
heating device

heating element

power supply

support matrix

second flow homogenizer
heat storing means

support

second opening

second gas distribution chamber
heat storage system

heat consumer

circuit

circuit

pipeline

throttle member

throttle member

throttle member

throttle member

fan

connection

connection

honeycomb structure (honeycomb body)
arrow (flow direction)

arrow (flow direction)
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Claims

1. A heat storage device (1) comprising a storage container (2) for storing heat, the
storage container (2) having at least two openings (3, 13), at least one heating
element (7) and heat storing means (11) being disposed in the storage
container (2), and the heat storage device (1) having a support matrix (9) for
supporting the heating clement (7), wherein the heat storage device (1)
comprises a first gas distribution chamber (4) disposed upstream of the heating
element (7) and a second gas distribution chamber (14) disposed downstream of
the storing means (11) in a heat introduction direction, wherein a flow
homogenizer (5, 10) is disposed on either side of the heating element (7) or on
either side of multiple layers of heating clements (7) and/or between these

layers.

2. The heat storage device (1) according to claim 1, wherein, for introducing heat

mto the storage container (2),

- the heat storage device is configured to transport a gas into the storage
container (2) via at least one first opening (3),

- the heating element (7) is configured to heat the transported gas,

- the storing means (11), which are disposed downstream of the heating
element (7), are configured to store the heat of the heated gas, and

- the heat storage device is configured to transport the gas that has transferred
the heat to the storing means (11) out of the storage container (2) via at least

one second opening (13).

3. The heat storage device (1) according to claim 2, wherein, for withdrawing heat
from the storage container (2),
- the heat storage device (1) is configured to transport a gas into the storage
container (2) via the at least one second opening (13),
- the storing means (11) are configured to transfer the stored heat to the gas

and heat the gas, and
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- the heat storage device (1) is configured to transport the heated gas that has
passed the storing means (11) out of the storage container (2) via the at least

one first opening (3).

4. The heat storage device (1) according to any one of the preceding claims,
wherein spaces between at least two adjacent heating elements (7) are

hermetically scaled.

5. The heat storage device (1) according to any one of the preceding claims,
wherein at least two layers of heating elements (7) are stacked on top of each

other.

6. The heat storage device (1) according to any one of the preceding claims,
wherein the at least one heating element (7) comprises an electrically conductive
metallic or ceramic honeycomb structure (30) through which the gas is able to

flow.

7. The heat storage device (1) according to any one of the preceding claims,
wherein the heating elements (7) are disposed in a line or extend in a

meandering or helical shape.

8. The heat storage device (1) according to any one of the preceding claims,

wherein the heating elements (7) are connected in series and/or in parallel.

9. A heat storage system (15) comprising at least one heat storage device (1)
according to any one of the preceding claims, wherein the heat storage

device (1) is connected to a heat consumer (16).
10. The heat storage system (15) according to any one of the preceding claims, the

heat storage system (15) having a pipeline system comprising at least one

throttle member (20, 21, 22, 23) and/or at least one fan (24).
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11. A method for operating a heat storage device (1) according to any one of the
preceding claims, the method comprising the following sequential steps for
introducing heat into the storage container (2):

- transporting gas into the storage container (2) through the first opening (3),
- heating the transported gas by means of the heating element (7),

- storing the heat of the heated gas by means of the storing means (11), and
- transporting the gas that has transferred the heat to the storing means (11)

out of the storage container (2) through the second opening (13).

12. The method for operating a heat storage device (1) according to claim 13, the
method comprising the following sequential steps for withdrawing heat from the
storage container (2):

- transporting gas into the storage container (2) through the second

opening (13),
- transferring the heat from the storing means (11) to the transported gas, and
- transporting the gas that has transferred the heat to the storing means (11)

out of the storage container (2) through the second opening (13).
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