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(57) Abstract: Device (1) for storing electric energy, comprising a heat reaction chamber
(3) comprising a metal carbonate or a metal hydride material, a gas storage (4) and an
electric heater (5) adapted to heat the reaction chamber (3), a Stirling engine (7) comprising
a heater head (8) and adapted to be powered by the heat reaction chamber (3), a generator
(9) connected to and adapted to be driven by the Stirling engine (7), where the device is
provided with a compressor (11) arranged downstream of the reaction chamber (3) and
upstream of the gas storage (4) adapted to increase the pressure of the gas flowing into the
gas storage (4) from the reaction chamber (3), and a pressure relief valve (10) arranged
downstream of the gas storage (4) and upstream of the heat reaction chamber (3) adapted
to control the pressure of the gas flowing into the reaction chamber (3) from the gas storage
(4). The advantage of the invention is that a reliable and cost-effective storage device for
renewable electric energy is provided.
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THERMOCHEMICAL ENERGY STORAGE DEVICE

TECHNICAL FIELD

The present invention relates to a device and system for storing renewable
electric energy. The thermochemical device comprises a metal carbonate
or a metal hydride and the energy is stored as a gas in a gas storage and
is converted to electric energy by the use of a Stirling engine driving a

generator.
BACKGROUND ART

Renewable energy is becoming more and more popular, and more and
more systems for generating electricity from wind or the sun are
developed and installed. Wind power plants generate electric energy
through a rotating generator. Some solar power systems use photovoltaic
cells to produce electricity directly, which may be converted to e.g. an
appropriate alternating current for a grid system. Other solar power
systems use mirrors to concentrate the radiation to a focus point in which
a heat driven generator is positioned. The heat driven generator may be a

Stirling engine, or in larger power plants, a steam turbine.

A disadvantage with renewable electric energy is that the produced
electric energy is instant and that it is very expensive to store the electric
energy in rechargeable battery cells. The cost for such a system is thus
very high, and the system is often combined with a fuel based generator in
order to produce electricity when the wind is not blowing or the sun is not

shining.

It is also known to store energy as heat in different heat storing devices
that may use e.g. melted material or phase-change material. The energy
may be stored at low temperature or high temperature. Low temperature

storage may e.g. include large water tanks that store hot water for heating
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purposes from summer to winter in isolated containers. High temperature
storage may e.g. comprise salt compounds, sulphur, aluminium or
graphite. With a high temperature storage, the heat may be used e.g.

power a Stirling engine such that both heat and electricity can be obtained.

These system may work in some cases, but there is still room for

improvements.
DISCLOSURE OF INVENTION

An object of the invention is therefore to provide a device for storing
renewable electric energy. A further object of the invention is to provide a
system for storing renewable electric energy. A further object of the

invention is to provide a method for storing renewable electric energy.

The solution to the problem according to the invention is described in the
characterizing part of claim 1. Claim 10 contains an advantageous system.
Claim 13 contains an advantageous method. The other claims contain
advantageous embodiments and further developments of the device, the

system and the method.

In a device for storing electric energy, comprising a heat reaction chamber
comprising a metal carbonate or a metal hydride material, a gas storage
and an electric heater adapted to heat the reaction chamber such that a
gas is released, a Stirling engine comprising a heater head and adapted to
be powered by the heat reaction chamber, a generator connected to and
adapted to be driven by the Stirling engine, the object of the invention is
achieved in that the device is provided with a compressor arranged
downstream of the reaction chamber and upstream of the gas storage
adapted to increase the pressure of gas flowing into the gas storage from
the reaction chamber, and a pressure relief valve arranged downstream of

the gas storage and upstream of the heat reaction chamber adapted to



WO 2022/015232 PCT/SE2021/050733

10

15

20

25

control the pressure of the gas flowing into the reaction chamber from the

gas storage.

By this first embodiment of the energy storing device according to the
invention, a thermochemical device that is adapted to store renewable
electric energy is provided. The renewable electric energy is converted to
heat with an electric heater, and the energy is stored as a gas in a gas
storage. When electricity is required, the stored gas of the thermochemical
storage device is released and creates heat that drives a Stirling engine
connected to a generator, such that electricity is produced. In this way,
electric energy produced by e.g. photovoltaic cells or wind can be stored in

a relatively efficient and cost-effective manner.

The thermochemical storage device comprises a metal carbonate or a
metal hydride. The advantage of using a thermochemical storage device
comprising a metal carbonate or a metal hydride is that the energy is
stored in a cold state, such that there is minimal energy loss during the
storing of energy. The thermochemical storage device comprises a hot
side and a cold side. The hot side is a reaction chamber in which heat is
converted to storable energy or where the storable energy is converted to

heat, and the cold side is a gas storage in which the energy is stored.

At the hot side, the temperature of the thermochemical storage device is
relatively high, at least 750 °C and up to 900 °C or more. With such a high
temperature, the efficiency of the thermochemical storage device is
increased. A further advantage of using a high temperature at the hot side
of the thermochemical storage device is that the efficiency of the Stirling
engine is also improved. This will thus increase the efficiency of a

complete energy storing system.

When the hot side of the thermochemical battery is heated with a heat

source, a chemical reaction occurs which produces a gas, either a carbon
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dioxide (COz) gas or a hydrogen (Hz) gas. The gas is transferred from the
hot side to the cold side, where the gas is stored. The energy in the form
of a gas may be stored with minimal energy loss for long time periods, up

to several years and more.

When the gas stored in the cold side of the thermochemical storage
device is transferred back to the hot side, the energy of the gas will be
released in the reaction chamber, and the hot side will be heated to a high
temperature between 750 to 900 °C. The heat is transferred to the Stirling

engine that drives a generator that produces electricity.

It is important that the temperature at the hot side of the thermochemical
storage device is held at a sufficiently high level during the energy
recovery. The hot side of the thermochemical storage device may be
insulated in order to minimize the energy loss. The heater head of the
Stirling engine is integrated with the reaction chamber of the

thermochemical storage device.

The electric heater may be a resistive electric heater that is integrated in
the reaction chamber of the thermochemical storage device. The electric

heater may also comprise an inductive transfer means.
BRIEF DESCRIPTION OF DRAWINGS

The invention will be described in greater detail in the following, with
reference to the embodiments that are shown in the attached drawings, in

which

Fig. 1 shows an example of a device for storing electric energy

according to the invention, and

Fig. 2 shows an example of a system for storing renewable electric

energy according to the invention.
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MODES FOR CARRYING OUT THE INVENTION

The embodiments of the invention with further developments described in
the following are to be regarded only as examples and are in no way to

limit the scope of the protection provided by the patent claims.

Fig. 1 shows an example of a device 1 for storing electric energy
according to the invention. The device 1 is adapted to convert heat to
storable energy and to convert the storable energy back to heat. The
device is provided with a reaction chamber 3 that can be heated with any
heat source, but in the described example, the reaction chamber is heated
with electricity through an electric heater element 5 integrated in the
reaction chamber. The reaction chamber comprises a thermochemical
material, e.g. a metal carbonate or a metal hydride, which will release a
gas when it is heated. The shown device is adapted to work with
temperatures between 750 to 900 °C, and preferably 850 to 900 °C. The
reaction chamber is further adapted to release heat when the gas is
reintroduced to the reaction chamber. The device further comprises a gas
storage 4 adapted to store the gas. The gas is contained in a closed gas
system. The closed gas system comprises the thermochemical material, a

pressure valve 10, a compressor 11 and the gas storage 4.

The compressor 11 is arranged downstream of the reaction chamber 3
and upstream of the gas storage 4 and will move the gas from the reaction
chamber to the gas storage when the reaction chamber is heated. The gas
will release from the metal carbonate material with a relatively low
pressure when the reaction chamber is heated. The pressure in the
reaction chamber may be between one to a few bars when the reaction
chamber is heated to around 900 °C, depending on the used material. In
order to obtain an economical system and to reduce the volume of the
storage tank, the gas should be stored under a higher pressure in the gas

storage. A pressure of between 20 to 80 bars or more is suitable,
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depending on the temperature and the gas. In one example when a metal
carbonate is used, the temperature of the gas storage is 20 °C and the
pressure is 65 bars. At this condition, the carbon dioxide liquefies and is

stored as a liquid, which reduces the volume of the storage tank further.

The pressure relief valve 10 is arranged downstream of the gas storage 4
and upstream of the heat reaction chamber, and will control the release
pressure of the gas flowing into the reaction chamber from the gas
storage. The valve is completely closed when gas is stored in the gas
storage. In order to provide an efficient regeneration of heat when
reintroducing the gas into the reaction chamber, a gas pressure of around
10 bars may be required, depending on the used gas. The pressure relief
valve will control the return pressure of the gas. An electronic control unit
is used to control the compressor and the pressure relief valve. The device
may also comprise various sensors for the monitoring and control of the

device.

In order to increase the efficiency of the device further, a thermocline filter
6 may be arranged between the reaction chamber and the gas storage.
The thermocline filter is preferably arranged between the reaction
chamber and the compressor and the pressure relief valve. The released
gas will pass through the thermocline filter before it is compressed, and
will be cooled by the thermocline filter. The thermocline filter may e.g.
comprise sand, which will absorb most of the heat from the gas passing
through the filter. When the gas is reintroduced back to the reaction
chamber, the gas can also flow through the thermocline filter, which will
now preheat the gas before it enters the reaction chamber, which will
further increase the efficiency of the device. It is also possible to use an
additional cooler for the gas flowing into the gas storage in order to cool
the gas to a low temperature. The gas storage 4 and the reaction chamber

3 are preferably insulated.
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The device further comprises a Stirling engine 7 having a heater head 8.
The heater head is adapted to collect heat to the hot side of the Stirling
engine, such that the Stirling engine can rotate. In the shown example, the
heated head is integrated with the reaction chamber. This will minimize the
heat losses and will allow the Stirling engine to work with a high
temperature between 750 to 900 °C. This will also provide a compact
solution. The Stirling engine is connected to a generator 9 that will

produce electricity when driven by the Stirling engine.

The device further comprises a heat exchanger 12 that collects the heat
from the cold side of the Stirling engine and that cools the cold side of the
Stirling engine. This will increase the efficiency of the Stirling engine and
the device. A total efficiency of the device is approximately 90%, where
the device will output approximately 40% electric energy and 50% heat
energy from the energy put into the device. The heat exchanger will supply
heat that can be used e.g. for heating purposes of buildings etc. The heat
exchanger may also be connected to the gas storage, where it may be
used to cool the gas storage when the Stirling engine is not producing
electricity and the coolant medium of the heat exchanger is at a low
temperature. The heat exchanger may also be used to preheat the gas
when it is released from the gas storage to the reaction chamber. By

preheating the gas, the efficiency of the device is increased.

The energy will be stored at a low temperature in the device in the form of
a gas. The device comprises a hot side and a cold side. The heat reaction
chamber 3 is the hot side where heat is converted to storable energy or
where the storable energy is converted to heat. The gas storage is the
cold side where the energy in the form of a gas is stored. The electric
energy that is to be stored will heat the heat reaction chamber, and the
energy will be stored at the cold side. The term cold side is used in relation

to the hot side, and means that the cold side is at a much lower
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temperature than the hot side. Depending on the pressure in the gas

storage, the temperature in the cold side may be between 20 to 40 °C.

The heat reaction chamber comprises a thermochemical material in the
form of a metal carbonate or a metal hydride. A metal carbonate
comprises carbon dioxide bonded to the metal, and a metal hydride
comprises hydrogen bonded to the metal. The thermochemical material
may comprise a metal or metal alloy comprising one or more different
metals. The metal alloy is porous and is preferably in the form of a
powder, either in powder form contained in a container or pressed to

powder bricks.

When a reaction chamber comprising a metal carbonate is heated with a
heat source, a chemical reaction occurs in which carbon dioxide (CO2) gas
is released from the metal carbonate. The gas is transferred from the hot
side to the cold side, where the gas is stored, either as a gas or as a
liquid. The gas may be stored with minimal energy loss for long time
periods, up to several years and more. Examples of suitable metals that
may be used in the reaction chamber are e.g. sodium, magnesium,
titanium, calcium, aluminium, iron, strontium or barium. in the described
example, a calcium carbonate, CaC0s is used. The calcium carbonate will
release carbon dioxide CO2 when heated, and calcium oxide Cal will

remain in the reaction chamber.

In an ideal device that is empty or fully discharged, the reaction chamber
will comprise e.g. a metal carbonate saturated with carbon dioxide. When
the device is fully loaded, the reaction chamber will comprise a metal
oxide with no bonded carbon dioxide, and the gas storage will contain the
carbon dioxide. In an actual device, this will of course not be the case, but
a load degree of 70-90% when compared to a theoretical value is possible
to obtain, depending e.g. on the selected metal carbonate and the used

temperatures.
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The Stirling engine 7 is adapted to drive a generator 9 for producing
electrical energy. The produced electrical energy is transferred to e.g. a
power grid. The Stirling engine is powered by heat that is recovered from
the device. In one example, the Stirling engine is adapted to run at a
temperature between 750 to 900 °C, which will provide a high efficiency
and high power output. The heat is transferred directly from the reaction
chamber to the heater head 8 of the Stirling engine, i.e. the heater head of
the Stirling engine is integrated with the reaction chamber. By integrating
the heater head directly with the reaction chamber, the efficiency of the

device is increased.

The Stirling engine can be used to generate electricity when e.g. a
renewable electric energy source is not delivering any or not enough
electric energy, e.g. when the wind is not blowing or when the sun is not
shining. Energy from the device is then released from the reaction
chamber and is forwarded to the Stirling engine such that the Stirling
engine will start to rotate and that the Stirling engine will drive the
generator 9 to produce electricity. The Stirling engine may be of any size,
but a nominal power output of between 1 kW to 100 kW or more is
suitable, depending on the requirements of the used system. For higher

power outputs, several devices may be arranged in parallel.

It is possible to let the generator produce an alternating current having a
frequency directly corresponding to the frequency of a grid, or the
generator is connected to a power converter that outputs a suitable
frequency. The output of the power converter is adapted to the

requirements, and may be either an alternating current or a direct current.

The advantage of using an electric heater to heat the reaction chamber is
that it is a simple and cost-effective solution to store the energy produced
by a renewable electric energy source. Normally, electricity produced by

renewable electric energy sources are considered to be of a high quality
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that has to be stored as electricity in rechargeable batteries in order to
preserve the high quality energy. To reduce the high quality electricity to
low quality heat is considered as a downgrade that is not commercially
sound. Instead, concentrated solar power has been used to focus the
solar radiation either directly to a Stirling engine to produce electricity or to

heat a heat storage.

However, since especially solar photovoltaic cells and wind power plants
are becoming both cheaper and more efficient, and by using an efficient
thermochemical storage device and an efficient Stirling engine, a cost-
efficient solution is provided by heating a thermochemical storage device
with electricity produced by a renewable electric energy source. By storing
the energy in the thermochemical storage device as a gas, the efficiency

of an energy system may be further increased.

It is of course also possible to heat the reaction chamber 3 with electricity
produced by other means, such as fuel driven power plants. This may be a
good solution in order to preserve electric energy that would otherwise be
wasted. The inventive electric energy storage device may e.g. be used as
a buffer to cover periods of low power consumption, where a conventional

power plant is running with a constant and steady power output.

The storage device may also comprise a second means to provide heat to
the Stirling engine. In case that the thermochemical storage device 1 is
empty and cannot supply any heat to the Stirling engine, another means to
heat the Stirling engine may be used. This means may comprise another
fuel, e.g. a combustible gas of some kind or a combustible liquid of some
kind. The combustible gas or liquid is stored in a separate container, and
is used to heat the Stirling engine when the thermochemical storage
device cannot heat the Stirling engine, e.g. during night or during
prolonged times without sun. The combustible gas or liquid is ignited at the

Stirling engine and will provide heat such that the Stirling engine will be
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able to drive the generator and thus to generate electricity even if the

thermochemical storage device is empty.

In a system 20 for storing renewable electric energy, shown in Fig. 2, a
renewable electric energy source 21 and an electric energy storage device
1 are comprised. The renewable electric energy source may be either a
photovoltaic power plant that produces electric energy when the sun is
shining or a wind power plant that produces electric energy when the wind
is blowing. The electric energy is transferred from the renewable electric
energy source to the electric heater of the device through an inlet power
cable 22.

The invention is not to be regarded as being limited to the embodiments
described above, a number of additional variants and modifications being
possible within the scope of the subsequent patent claims. The

thermochemical storage device may e.g. have any size and shape.
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Device (1) for storing electric energy, comprising a heat reaction
chamber (3) comprising a metal carbonate or a metal hydride
material, a gas storage (4) and an electric heater (5) adapted to
heat the reaction chamber (3) such that a gas is released, a Stirling
engine (7) comprising a heater head (8) and adapted to be powered
by the heat reaction chamber (3), a generator (9) connected to and
adapted to be driven by the Stirling engine (7),
characterized in that the device is provided with a
compressor (11) arranged downstream of the reaction chamber (3)
and upstream of the gas storage (4) adapted to increase the
pressure of the gas flowing into the gas storage (4) from the
reaction chamber (3), and a pressure relief valve (10) arranged
downstream of the gas storage (4) and upstream of the heat
reaction chamber (3) adapted to control the pressure of the gas

flowing into the reaction chamber (3) from the gas storage (4).

. Device according to claim 1, characterized in that the

reaction chamber (3) is adapted to hold the temperature between
750 to 900 degrees Celsius when the reaction chamber (3) is

heated by electricity.

Device according to claim 2, characterized in that the
reaction chamber (3) is adapted to hold the temperature between
780 to 900 degrees Celsius when the reaction chamber (3) is

heated by electricity.

Device accordingtoclam1to 3, characterized in thatthe

reaction chamber (3) is adapted to hold the temperature between
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750 to 900 degrees Celsius when gas is regenerated in the reaction
chamber (3).

5. Device according to clam 4, characterized in that the
reaction chamber (3) is adapted to hold the temperature between
850 to 900 degrees Celsius when gas is regenerated in the reaction
chamber (3).

6. System according to claim 1 to 5, characterized in that
the heat reaction chamber (3) is arranged directly with the heater
head (8) of the Stirling engine (7).

7. Device according to any of the preceding claims,
characterized in that the electric heater (5) is a resistive

heater.

8. Device according to any of the preceding claims,
characterized in that the electric heater (5) is integrated

inside the reaction chamber (3).

9. Device according to any of the preceding claims,
characterized in that the device comprises a thermocline
filter (6) arranged between the reaction chamber (3) and the gas

storage (4).

10.System for storing renewable electric energy (20), comprising a
electric energy storage device (1) according to any of claims 1 to 9,

and a renewable energy source (21).

11.System according to claim 10, characterized in that the

renewable electric energy source (21) is a photovoltaic power plant.

12.System according to claim 10, characterized in that the

renewable electric energy source (21) is a wind power plant.
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13. Method for storing electric energy, comprising the steps of:

- producing electric energy with a renewable electric energy

source,

- heating a reaction chamber of storage device comprising a
5 metal carbonate or a metal hydride with electricity
produced by the renewable electric energy source, such

that a gas is released,

- transferring the released gas from the reaction chamber to

a gas storage with a compressor,

10 - storing the released gas in the gas storage for a

predefined time interval,

- returning the stored gas from the gas storage to the

reaction chamber through a pressure relief valve,
- converting the stored gas to heat in the reaction chamber,

15 - driving a Stiring engine with heat from the reaction

chamber, where the Stirling engine drives a generator.

14.Method according to claim 13, characterized in that the

renewable electric energy source is a photovoltaic power plant.

15.Method according to claim 13, characterized in that the

20 renewable electric energy source is a wind power plant.
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