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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates generally to electrothermal energy storage. It relates in
particular to a system and method for storing thermal energy according to the preamble of the
independent patent claims.

BACKGROUND OF THE INVENTION

[0002] Electro-thermal energy storage (ETES) systems, sometimes also referred to as
thermoelectric energy storage (TEES) systems, and methods for electro-thermal (sometimes
also named thermoelectric) energy storage play an ever increasing role for production and
distribution of energy, in particular electric energy. The basic principles of electro-thermal
energy storage are described e.g. in EP 1 577 548 A1 and EP 2 157 317 A2. The ETES
system described in EP 2157317 A2 converts excess electricity to heat in a charging mode,
stores the heat, and converts the heat back to electricity in a discharging mode when required.
Such an energy storage system is robust, compact, and suited to the storage of electrical
energy in large amounts. Thermal energy can be stored by one or more thermal storage
media in the form of sensible heat via a change in temperature or in the form of latent heat via
a change of phase or a combination of both. The storage medium for the sensible heat may be
a solid, liquid, or a gas. The storage medium for the latent heat may involve any of these
phases or a combination of them in series or in parallel.

[0003] In general, an electro-thermal energy storage system comprises at least one hot
thermal storage arrangement, comprising a first thermal storage medium, and at least one cold
thermal storage arrangement, comprising a second thermal storage medium. The charging
mode of the ETES system is generally realized by operating a heat pump between the cold
thermal storage arrangement and the hot thermal storage arrangement, whereas the
discharging mode is realized by operating a heat engine between the hot thermal storage
arrangement and the cold thermal storage arrangement. Heat pump and heat engine may be
individual thermodynamic machines with separate working fluid circuits, possibly containing
different working fluids, and without common parts. Preferably, however, a single
thermodynamic machine with a single working fluid circuit may be configured to alternatively
act as a heat pump or a heat engine by reverting a flow direction of the single working fluid, i.e.
by switching between a heat pump cycle and a heat engine cycle.

[0004] In the ETES concept, heat needs to be transferred from hot working fluid to the first
thermal storage medium during the heat pump cycle and back from the first thermal storage
medium to working fluid during the heat engine cycle. A heat pump requires work to move
thermal energy from a thermal energy source on a cold side, e.g. the second thermal storage
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medium of the cold thermal storage arrangement, to a (warmer) thermal energy sink on a hot
side, e.g. to the first thermal storage medium of the hot thermal storage arrangement. Since
the amount of energy deposited at the hot side is greater than the work required by an amount
equal to the energy taken from the cold side, a heat pump will "multiply” the heat as compared
to resistive heat generation. The ratio of heat output to work input is called coefficient of
performance, and it is a value larger than one. In this way, the use of a heat pump will increase
the round-trip efficiency of a ETES system.

[0005] EP 2 390 473 A1 relates to a thermoelectric energy storage system having an improved
round-trip efficiency. This may be achieved by an intercooler provided between two
compression stages for intercooling a working fluid. The intercooling may be carried out by
flashing a portion of the working fluid exiting the first compression stage in a flash intercooler
and/or by heating a secondary thermal storage with working fluid exiting the first compression
stage in an additional heat exchanger.

[0006] ETES systems are preferably installed in a so called site independent arrangement,
where the ETES would ideally be a closed system without any thermal interaction with its
environment. For such site independent ETES system installations, ice storage is preferably
foreseen as part of the cold thermal storage arrangement to form the cold end of the charging
and discharging cycles of the system; i.e. ice would be produced in charging mode, while ice
would be consumed when the ETES is in discharging mode. CO, may preferably be used as

working fluid; and is preferably evaporated to produce ice when the ETES system is in
charging mode, and condensed to melt ice in discharge mode.

[0007] However, principally, losses of charging and discharging operations of the ETES system
would gradually modify thermal energy sources and sinks (e.g. ice storage on the cold side,
and hot water storage on the hot side) leading to gradual warming up and - ultimately -
dysfunction of the ETES system. Therefore, in principle, the ETES system has to interact with
an environment in some way in order to compensate for the losses of the involved processes,
i.e. release the losses to the environment.

[0008] One of the ways suggested previously is to use an auxiliary heat pump, which would
generate additional cold by interaction with the environment. The cold would be used to cool
the second thermal storage medium of the cold thermal storage arrangement, in order to
compensate for the losses of the whole system. For example, an additional ammonia chiller
could be used to produce additional ice, in particular in the charging mode. Thus, the charging
and discharging cycles of the system would not need to be modified by this measure. The
auxiliary heat pump would supply cold to compensate for the losses in order to enable the
periodic charging and discharging operation to work repeatedly. However, when producing
additional cold to compensate for the losses, this cold needs to be stored, which leads to an
increase in size and cost of the cold storage, and thus to an increased cost and footprint of the
ETES system.

[0009] WO 2011103306 A1 describes a method of keeping energy balance in an electro-
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thermal energy storage system based on a Rankine cycle. The document discloses a "storage
refrigerant circuit that receives input electric power and converts the electric power to stored
thermal energy” with "a second condenser in fluid communication with the first condenser,
wherein the second condenser releases heat sufficient to balance the energy around the hot
sink". In other words, the method uses cooling on the hot side after the compressor to balance
the electro-thermal energy storage.

[0010] On a hot side of a ETES cycle, a temperature difference between the thermal storage
medium and the working fluid may be reduced using intermediate thermal storage tanks as
described in the applicant's earlier patent application EP 2275649. Such factors would also
enable the ETES system to have a higher round-trip efficiency.

DESCRIPTION OF THE INVENTION

[0011] It is an objective of the invention to provide a method for balancing of energy in electro-
thermal energy storage system that allows for an improved round-trip efficiency. This objective
is achieved by an electro-thermal energy storage system according to claim 1 and a method
according to claim 10. Preferred embodiments are evident from the dependent claims.

[0012] An electro-thermal energy storage system according to the invention comprises: a hot
thermal storage arrangement comprising a hot storage heat exchanger; a cold thermal storage
arrangement comprising a cold storage heat exchanger; a thermodynamic cycle unit
configured to transfer thermal energy from the cold storage arrangement to the hot storage
arrangement in a charging mode, and to convert thermal energy from the hot storage
arrangement into work and, preferably, subsequently into electric energy in a discharging
mode, wherein the thermodynamic cycle unit comprises a fluid circuit for circulating a working
fluid through the hot storage heat exchanger as well as through the cold storage heat
exchanger, wherein the fluid circuit further comprises a pump for maintaining a circulation of
working fluid in the discharging mode and a first turbine for expanding working fluid in the
discharging mode; and wherein the thermodynamic cycle unit comprises a second turbine for
expanding working fluid in the discharging mode, said second turbine being connected in
series with the first turbine so that working fluid may flow from the first to the second turbine in
the discharging mode, and an intercooling heat exchanger located in the fluid circuit between
the first and the second turbine, said intercooling heat exchanger configured to cool working
fluid in the discharging mode by exchanging heat with an environment of the electro-thermal
energy storage system.

[0013] Preferably, for exchanging heat with the environment of the electro-thermal energy
storage system, intercooling heat exchanger is configured to exchange heat with, in particular
to transfer heat to, ambient air. Alternatively, intercooling heat exchanger is configured to
exchange heat with, in particular to transfer heat to, ambient water, in particular river water,
lake or sea water, or ground water; preferably from a neighborhood of a location of the ETES
system
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[0014] To allow for optimum heat exchange with the environment, intercooling heat exchanger
preferably has one or more of the following properties:

= intercooling heat exchanger is a counter flow and/or cross flow heat exchanger;

+ intercooling heat exchanger is adapted for heat exchange between two fluids, each of
which either in liquid or gaseous form;

« intercooling heat exchanger is adapted for heat exchange between two fluids without
occurrence of any mixture and/or direct contact of the two fluids, in particular,
intercooling heat exchanger is not a direct contact heat exchanger;

« intercooling heat exchanger is adapted for heat exchange between two fluids without
occurrence of any phase transition, in particular, intercooling heat exchanger is not a
phase change heat exchanger.

[0015] A method in accordance with the invention for storing and retrieving energy in an
electro-thermal energy storage system comprises the steps of: in a charging mode,
transferring thermal energy from a cold thermal storage arrangement to a hot thermal storage
arrangement by means of a first thermodynamic cycle configured to convert work into thermal
energy; in a discharging mode, transferring thermal energy from the hot thermal storage
arrangement to the cold thermal storage arrangement by means of a second thermodynamic
cycle configured to convert thermal energy into work, wherein the second thermodynamic cycle
process comprises the steps of generating work by expanding a working fluid of the second
thermodynamic cycle (process) in a first turbine, and (2) generating work by further expanding
the working fluid in a second turbine, and cooling the working fluid between steps (1) and (2)
by exchanging heat with an environment.

[0016] In a preferred variant of the method in accordance with the invention, working fluid is
cooled between steps (1) and (2) through transfer of heat to ambient air and/or to ambient
water, in particular river water, lake or sea water, or ground water; preferably from a
neighborhood of a location of the ETES system.

[0017] To allow for optimum heat exchange with the environment, an intercooling heat
exchanger is preferably provided in a flow path for the working fluid between the first turbine
and the second turbine, said intercooling heat exchanger preferably having one or more of the
following properties:

¢ intercooling heat exchanger is a counter flow and/or cross flow heat exchanger;

= intercooling heat exchanger is adapted for heat exchange between two fluids, each of
which either in liquid or gaseous form;

» intercooling heat exchanger is adapted for heat exchange between two fluids without
occurrence of any mixture and/or direct contact of the two fluids, in particular,
intercooling heat exchanger is not a direct contact heat exchanger;

» intercooling heat exchanger is adapted for heat exchange between two fluids without
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occurrence of any phase transition, in particular, intercooling heat exchanger is not a
phase change heat exchanger.

[0018] Carbon dioxide (CO») is preferably used as working fluid. The working fluid may also
comprise ammonia (NH3) and/or an organic fluid (such as methane, propane or butane) and/or

a refrigerant fluid (such as R 134a (1,1,1,2-Tetrafluoroethane), R245 fa (1,1,1,3,3-
Pentafluoropropane)).

[0019] If technically possible but not explicitly mentioned, also combinations of embodiments of
the invention described in the above and in the following may be embodiments of the method
and the system. These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The subject matter of the invention will be explained in more detail in the following text
with reference to preferred exemplary embodiments, which are illustrated in the attached
drawings, in which:

Figure 1 shows a simplified schematic diagram of an electro-thermal energy storage system in
accordance with the present invention;

Figure 2 shows the electro-thermal energy storage from Fig. 1 in a charging mode;
Figure 3 shows the electro-thermal energy storage from Fig. 1 in a discharging mode;

Figure 4 shows a simplified schematic diagram of another preferred embodiment of an electro-
thermal energy storage system in accordance with the present invention;

Figure 5 shows T-s-diagrams of exemplary thermodynamic cycles; and

Figure 6 shows a simplified schematic diagram of another preferred embodiment of an electro-
thermal energy storage system in accordance with the present invention.

[0021] For consistency, the same reference numerals are used to denote similar elements
illustrated throughout the figures.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0022] Figure 1 shows a simplified schematic diagram of a preferred embodiment of an
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electro-thermal energy storage system in accordance with the present invention.

[0023] The system comprises a hot thermal storage arrangement 1, which in turn comprises a
hot storage heat exchanger 11, a first storage tank 121 for a first thermal storage medium, in
particular for storing first thermal storage medium at a low temperature 74, and a second

storage tank 122 for the first thermal storage medium, in particular for storing first thermal
storage medium at a high temperature 71, > T ). In particular, water may be used as first

thermal storage medium.

[0024] The system further comprises a cold thermal storage arrangement 2, which in turn
comprises a cold storage heat exchanger 21, and a third storage tank 223 for a second
thermal storage medium, preferably also water.

[0025] The electro-thermal energy storage system shown in Fig. 1 further comprises a
thermodynamic cycle unit which, when in operation, executes one of a plurality of
thermodynamic cycles. The thermodynamic cycle unit comprises a plurality of fluid conduits for
circulating a working fluid through the hot storage heat exchanger 11 and the cold storage heat
exchanger 21. A plurality of valves 30a, 30b, 30c, 30d, 30e and 30f allow to switch between
different working fluid paths, in particular for switching between a charging and a discharging
mode of the electro-thermal energy storage system.

[0026] Figure 2 shows the electro-thermal energy storage system from Fig. 1 in a charging
mode. A compressor unit comprises a low pressure compressor block 322' as a first
compressor and a high pressure compressor block 321" as a second compressor and is
configured to compress a working fluid, in particular CO2, under consumption of work W, 1 and
Win2, with Wiy, = Wiy 1 + Win 2, wherein the work may preferentially be provided by a motor
through conversion from electric energy. Due to the compression, which may preferably be at
least approximately isentropic, a pressure and temperature of the working fluid is increased
and pressurized working fluid is forced into hot storage heat exchanger 11. In the hot storage
heat exchanger 11, thermal energy is transferred from the working fluid to a first thermal
storage medium, in particular water, which flows from the first storage tank 121 of the hot
thermal storage arrangement 1 to the second storage tank 122 of the hot thermal storage
arrangement 1, e.g. under influence of a pump. After exiting the hot storage heat exchanger
11, the working fluid enters a work recovering expander 31' where its pressure is reduced
under recovery of work Wgqyto, which may preferably be used to drive a generator for

generating electric energy, or may be used to provide at least part of the work Wiy, in particular
Win 2, by means of mechanical coupling, e.g. to the low pressure compressor block 322'. After

the work recovering expander 31', the working fluid enters the cold storage heat exchanger 21,
where thermal energy is transferred from the second thermal storage medium to the working
fluid, preferably causing the second thermal storage medium to solidify. This way, cold may be
stored in latent form in cold thermal storage arrangement 2.

[0027] Preferably, an evaporative ice storage arrangement as described in European patent
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application EP11169311, is used as cold thermal storage arrangement 2. Alternatively, ice may
be stored on coils as e.g. in commercially available ice storage systems which are as such
known to a person skilled in the art.

[0028] Alternatively, cold may be stored in sensible form, in particular by providing a fourth
storage tank for storing second thermal storage medium at a high temperature Ty, > Ty,

where T, is a low temperature of second thermal storage medium in the third storage tank
223, and T1 > Ty, so that second thermal storage medium may flow through cold storage

heat exchanger 21 from the fourth storage tank to the third storage tank 223 in charging mode,
and vice versa in discharging mode, which will be described below.

[0029] Figure 3 shows the electro-thermal energy storage system from Fig. 1 in discharging
mode. A working fluid pump 31 pumps condensed working fluid into hot storage heat
exchanger 11. In the hot storage heat exchanger 11, thermal energy is transferred from the
first thermal storage medium - which in discharging mode flows from the second storage tank
122 of the hot thermal storage arrangement to the first storage tank 121 of the hot thermal
storage arrangement 1 -to the working fluid, so that the working fluid is vaporized. The
vaporized working fluid then enters a turbine unit. The turbine unit comprises a high pressure
turbine block 321 as a first turbine and a low pressure turbine block 322 as a second turbine
and is configured to expand the working fluid under recovery of work Wqt1 and Wyt 2, with

Wout = Wout1 + Wout2. Due to the expansion, which is preferably at least approximately

isentropic, a pressure and temperature of the working fluid is decreased. Subsequently, the
working fluid enters cold storage heat exchanger 21, where thermal energy is transferred from
the working fluid to the second thermal storage medium, thus causing the working fluid to
condense and preferably the second thermal storage medium to melt.

[0030] Each of the turbine blocks 321, 322 and compressor blocks 321', 322' may have a
single or multiple stages, and may be of either radial or axial type. The turbine blocks 321, 322
may be separate, individual turbines, but may also be parts of an integrated two-block turbine
with integrated air cooler. The same applies to compressor blocks 321', 322"

[0031] An air cooler 33 is provided in a working fluid path between low pressure turbine block
322 and high pressure turbine block 321. Working fluid passing through the air cooler 33 may
transfer thermal energy to an environment of the ETES system, in particular to ambient air
surrounding the ETES system. Removing heat from the working fluid in this manner allows to
balance the overall losses of the ETES system. To achieve optimum balancing, a control of the
air cooler 33, and/or the turbine blocks 321 and 322, and/or the compressor blocks, needs to
allow for variations in an ambient temperature, e.g. by adjusting the cooling performance of the
air cooler 33, e.g. through a rotation speed of its fans.

[0032] Valves 30e and 30f from Fig. 1 are not shown in Figs. 2 and 3 to improve readability.
However, the invention could also be realized with fixed working fluid paths as shown in Figs. 2
and 3. In particular, a single compressor could be used in this case rather than the two
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compressor blocks 321', 322'.

[0033] Figure 4 shows a simplified schematic diagram of another preferred embodiment of an
electro-thermal energy storage system in accordance with the present invention. Instead of the
compressor unit and the turbine unit of the embodiment shown in Figs. 1-3, the system
comprises a revertible thermodynamic machine unit comprising a first thermodynamic machine
block 321" and a second thermodynamic machine block 322", which function as second and
first compressor in charging mode, and as first and second turbine in discharging mode. Air
cooler 33' is again provided in a working fluid path between first thermodynamic machine block
321" and second thermodynamic machine block 322". Preferably, cooling performance of air
cooler 33' can be individually adjusted for charging mode and discharging mode, and air cooler
33' may be completely switched off for each mode.

[0034] Similarly, instead of working fluid pump 31 and work recovering expander 31', an
auxiliary revertible thermodynamic machine may be foreseen in any of the embodiments
described above or below, which is capable of providing a functionality of both working fluid
pump 31 and work recovering expander 31' by reverting a direction of rotation of the auxiliary
revertible thermodynamic machine.

[0035] Figure 5 shows T-s-diagrams of exemplary thermodynamic cycles that working fluid in
the above described embodiments may be subjected to.

[0036] Fig. 5a shows a T-s-diagram of a first thermodynamic cycle which the working fluid
undergoes in charging mode. At point ¢c40, the working fluid enters the cold storage heat
exchanger 21 of the cold storage arrangement 2, where it absorbs solidification energy from
the second thermal storage medium, leading to an increase in the working fluid's entropy s. At
point ¢10, working fluid enters the low pressure compressor block 322', at point c12 the high
pressure compressor block 321", where it is compressed to a maximum pressure of 14 MPa. At
point c20, working fluid enters the hot storage heat exchanger 11 of the hot storage
arrangement 1, where it transfers heat to the first thermal storage medium and is in return
cooled down to approximately 10°C. At point ¢30, working fluid enters the work recovering
expander 31', where it is at least approximately isentropically expanded and returned to point
c40.

[0037] Fig. 5b shows a T-s-diagram of a second thermodynamic cycle which the working fluid
undergoes in discharging mode. At point d20, the working fluid enters the cold storage heat
exchanger 21 of the cold storage arrangement 2, where it melts solidified second thermal
storage medium, leading to an decrease in the working fluid's entropy s. At point d30, working
fluid enters the working fluid pump 31, by which it is pumped into the hot storage heat
exchanger 11 of the hot storage arrangement 1, which it enters at point d30. In the hot storage
heat exchanger 11, working fluid is heated to approximately 120°C by heat exchange with the
second thermal storage medium, raising its pressure to the maximum value of 14 Mpa. At point
d10, working fluid enters the high pressure turbine 321, where it is expanded under recovery of
work Wo,t 1 as described above, and thus is cooled to around 45°C. At point d12, working fluid
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enters the air cooler 33, where it is cooled to around 35°C at an at least approximately
constant pressure of around 6 Mpa. At point d14, working fluid enters the low pressure turbine
322, where it is further expanded under recovery of work Wy > as also described above, and

returned to point d20.

[0038] Figure 6 shows a simplified schematic diagram of another preferred embodiment of an
electro-thermal energy storage system in accordance with the present invention. The
embodiment shown in Fig. 6 is similar to the one from Fig. 1, but comprises an additional hot
thermal storage arrangement 1'. An additional air cooler 33" is located between the hot thermal
storage arrangement 1 and the additional hot thermal storage arrangement 1'. Valves 30g
allow to selectively direct a part or all of the working fluid flowing between the hot thermal
storage arrangement 1 and the additional hot thermal storage arrangement 1' through the
additional air cooler 33", or to bypass the latter completely. The additional air cooler 33" may
be employed to remove thermal energy from the system in addition or alternatively to the air
cooler 33, in particular in charging mode. Preferably, a fluid connection - including a control
valve and possibly a pump - for thermal storage medium is provided between second storage
tank 122 of hot thermal storage arrangement 1 and a first storage tank 121" of the additional
hot thermal storage arrangement 1' to allow for balancing respective levels of thermal storage
medium (not shown in Fig. 6). One or more further additional hot thermal storage
arrangements may advantageously be provided adjacent to the additional hot thermal storage
arrangement 1', preferably in series with further additional air coolers, in particular to allow for
split streams and/or varying flow rates of working fluids between parts of a split stream heat
exchanger and/or individual heat exchangers, as e.g. described in EP 2 275 649 A1 or EP 2
182 179 A1.

[0039] It could be shown by means of computer simulations that by balancing irreversibilities
trough cooling of working fluid (in particular CO5) at certain locations in the fluid circuit, in

particular as described above, higher overall efficiency may be achieved than by generating
additional cold with an auxiliary heat pump due to lower parasitic losses of air coolers when
compared to compressor work required for the auxiliary heat pump.

[0040] Ideal locations for cooling were found to be between first and second turbines in
discharging mode, or between hot thermal storage arrangement 1 and the additional hot
thermal storage arrangement 1' in charging mode.

[0041] While an efficiency gain of the latter approach is limited, it may be of interest due to
substantially reduced system complexity and possible reduction of tank dimensions and heat
exchanger dimensions due to increased mean temperature differences in the heat
exchangers. In addition, a maximum temperature of thermal storage medium in the hot
thermal storage arrangements is reduced, allowing for an improved match between
temperature profiles of thermal storage medium and working fluid, in particular for water and
COo.

[0042] In addition to the various approaches for balancing energy in an ETES system
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according to the invention as described above, direct control of the thermal energy stored in
the hot thermal storage arrangement, in particular of temperatures T1 ,, and/or T of the first

thermal storage medium, may advantageously also be foreseen or provided, in particular
during a start-up phase of an operation of the ETES system or method. This, may be, e.g., be
achieved by supplying additional heat to the first thermal storage medium, in particular by an
electric heater provided in any of the storage tanks for the first thermal storage medium, or a
supplementary heat pump configured to heat first thermal storage medium in any of the
storage tanks. Alternatively, first thermal storage medium may be cooled by releasing some
thermal energy to the ambient, in particular in a supplementary heat exchanger.

[0043] While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to the disclosed embodiments. Other
variations to the disclosed embodiments can be understood and effected by those skilled in the
art and practicing the claimed invention, from a study of the drawings, the disclosure, and the
appended claims.

[0044] In the description above and in the patent claims below, the term "comprising” does not
exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a
plurality. Any reference signs in the patent claims should not be construed as limiting the
scope.
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ELEKTROTERMISK ENERGILAGRINGSSYSTEM OG FREMGANGSMADE TIL
LAGRING AF ELEKTROTERMISK ENERGI

Patentkrav

1) Elektrotermisk energilagringssystem, der omfatter
a) et varmt termisk lagringssystem (1), der omfatter en varmeveksler til varmelagring
(11),
b) et koldt termisk lagringssystem (2), der omfatter en varmeveksler til kuldelagring (21),
c) en termodynamisk cyklusenhed, der er konfigureret til at overfore termisk energi fra
kuldelagringssystemet (2) til varmelagringssystemet (1) i en opladningstilstand,
konvertere termisk energi fra varmelagringssystemet (1) til arbejde og, fortrinsvis,
derefter til elektrisk energi i en afladningstilstand,
hvor den termodynamiske cyklusenhed omfatter
et veeskekredslob til at cirkulere en arbejdsvaeske gennem varmeveksleren fil
varmelagring samt gennem varmeveksleren til kuldelagring,
en pumpe (31) til at vedligeholde en cirkulation af arbejdsveeske i
afladningstilstanden,
en fgrste turbine (321) til at ekspandere arbejdsvaesken i afladningstilstanden,
en anden turbine (322) til at ekspandere arbejdsvaesken i afladningstilstanden,
hvor den anden turbine er forbundet i serie med den forste turbine, sa
arbejdsveesken kan stremme fra den forste til den anden turbine i
afladningstilstanden,
og en varmeveksler med mellemkaler (33), der er placeret i vaeskekredslabet
mellem den forste turbine (321) og den anden turbine (322), kendetegnet ved, at
varmeveksleren med mellemkgaler (33) er konfigureret til at kale arbejdsveeske
ved at veksle varme med et miljg i det elektrotermiske energilagringssystem, og
ved at varmeveksleren med mellemkaler (33) er konfigureret til at kale
arbejdsveeske, der strommer fra den forste turbine (321) til den anden turbine (322)
i afladningstilstanden.

2) Elektrotermisk energilagringssystem ifglge krav 1, hvor varmeveksleren med
mellemkegler (33) er konfigureret til at kale arbejdsveeske ved overfgrsel af varme til
omgivende luft, der omgiver det elektrotermiske energilagringssystem.
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3) Elektrotermisk energilagringssystem ifglge krav 1, hvor varmeveksleren med
mellemkegler (33) er konfigureret til at kole arbejdsveeske ved overfgrsel af varme til

omgivende vand, iseer flodvand, sgvand, havvand eller grundvand.

4) Elektrotermisk energilagringssystem ifalge krav 1, 2 eller 3, hvor den anden turbine
(322) er konfigureret til at kere i modsat retning for at fungere som en forste
kompressor i opladningstilstanden, og/eller den fgrste turbine er konfigureret til at kare

i modsat retning for at fungere som en anden kompressor i opladningstilstanden.

5) Elektrotermisk energilagringssystem ifglge krav 1, 2 eller 3, hvor varmeveksleren med
mellemkaler (33) er konfigureret til at kale arbejdsveeske, der stremmer fra den forste

kompressor til den anden kompressor i opladningstilstanden.

6) Elektrotermisk energilagringssystem ifolge krav 1 eller 2, hvor varmeveksleren med
mellemkegler (33) er en luftkaler.

7) Elektrotermisk energilagringssystem ifglge et hvilket som helst af de foregaende krav,
hvor systemet omfatter CO2 som arbejdsvaeske.

8) Elektrotermisk energilagringssystem ifalge et hvilket som helst af de foregaende krav,
hvor det kolde termiske lagringssystem (2) omfatter vand som termisk lagringsmedie.

9) Elektrotermisk energilagringssystem ifalge et hvilket som helst af de foregaende krav,
hvor det kolde termisk lagringssystem (2) omfatter en blanding af vand og mindst en
yderligere komponent som termisk lagringsmedie.

10) Elektrotermisk energilagringssystem ifalge et hvilket som helst af de foregaende
krav, der omfatter en eller flere ventiler (30a, 30b, 30c, 30d, 30e, 30f), der gar det
muligt at abne, lukke og/eller drosle en eller flere veeskeforbindelser.

11) Fremgangsmade til lagring og hentning af energi i et elektrotermisk
energilagringssystem, idet fremgangsmaden omfatter falgende trin
a) i en opladningstilstand
i) overforsel af termisk energi fra et koldt termisk lagringssystem (2) til et varmt

termisk lagringssystem (1)
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i) ved hjeelp af en farste termodynamisk cyklus
i) konfigureret til at konvertere arbejde til termisk energi
b) i en afladningstilstand
i) overforsel af termisk energi fra det varme termisk lagringssystem (1) til det
kolde termiske lagringssystem (2)
i) ved hjeelp af en anden termodynamisk cyklus
iif) konfigureret til at konvertere termisk energi til arbejde,
c) hvor
i) den anden termodynamiske cyklus omfatter fglgende trin
(1)  generering af arbejde ved at ekspandere en arbejdsvaeske i den anden
termodynamiske cyklus i en farste turbine (321),
(2)  generering af arbejde ved yderligere at ekspandere arbejdsvaesken i den
anden turbine (322),
(8) kaling af arbejdsvaesken mellem trin (1) og (2) ved at veksle varme med

et miljg.

12) Fremgangsmade ifelge krav 11, hvor i trin c) i) (3) arbejdsveeske koles ved
overfgrsel af varme til omgivende Iuft, der omgiver det elektrotermiske
energilagringssystem, eller ved overfgrsel af varme til omgivende vand, isaer

flodvand, sgvand, havvand eller grundvand.

13) Fremgangsmade ifglge krav 11 eller 12, der yderligere omfatter falgende trin
i) iden fgrste termodynamiske cyklus
(1)  generering af termisk energi ved at komprimere en arbejdsvaeske i den
forste termodynamiske cyklus i en fgrste kompressor (322'),
(2) generering af termisk energi ved yderligere at komprimere
arbejdsveesken i den anden kompressor (321'),
(3) keling af arbejdsveesken mellem trin (1) og (2) ved at veksle varme med

et miljg.

14) Fremgangsmade ifglge krav 11, 12 eller 13, der yderligere omfatter falgende trin
a) omvending af en arbejdsveeskes stramretning i det elektrotermiske
energilagringssystem for at skifte mellem opladningstilstand og afladningstilstand.
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