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(57) Abréegée/Abstract:

An energy storage power plant for harvesting electric energy, and suitable for converting electric energy into thermal energy Is
provided. The thermal energy can be temporarily stored in at least two thermal stores until demanded and retrieved to increase the
energy content of water in a water circuit upon demand. The power plant has the at least two thermal stores, each has at least one
converting device that allows electric energy to be directly or indirectly converted into thermal energy, the thermal stores being
thermally chargeable by temporarily storing thermal energy, wherein one thermal store Is for storing sensible heat and one thermal
store Is for storing latent heat; and at least one energy generating unit operated using the water in the water circuit, the energy
content of the water having been Increased by the temporary storage of thermal energy, In order to generate electric energy when
operated.
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ABSTRACT

An enerqgy storage power plant for harvesting electric

energy, and suiltable for converting electric energy 1into
thermal energy 1s provided. The thermal energy can be

temporarily stored 1n at least two thermal stores until

.

demanded and retrieved to increase the energy content of water

t

[ gt

in a water circuit upon demand. The power plant has the a
least two thermal stores, each has at least one converting
device that allows electric energy to be directly or indirectly
converted i1nto thermal enerqgy, the thermal stores being
thermally chargeable by temporarily storing thermal energy,
wherein one thermal store i1s for storing sensible heat and one
thermal store 1s for storing latent heat; and at least one
energy generating unit operated using the water 1in the water

F

circuit, the energy content of the water having been increased

by the temporary storage of thermal energy, in order to

generate electric energy when operated.
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Description

ENERGY STORAGE POWER PLANT AND -METHOD FOR OPERATING SUCH A

POWER PLANT
Field of Invention

The present invention relates to an energy power plant for
utilizing thermal energy to generate electric power, which is
also suitable for converting electrical energy into thermal
energy. The present invention furthermore relates to a method
for operating such an energy storage power.plant.

.Background of Invention

Energy storage power plants serve primarily to meet the demand
for peak 1loads of electrical energy at periods of high

consumption. Moreover, energy storage power plants are
essential for providing balancing power to regulate power
grids.

In this . case, electfical ‘energy 1s stored in periods of low
consumption of electrical energy and output, after a certain
delay, when the demand for power is high. For technical
reasons, conventional -power plants are usually not capable of
reacting sufficiently quickly to fluctuations in consumption in
. the electricity power grid, or of supply:ing large amounts of
power for a short period. In order to be able to accommodate
such fluctuations 1n consumption, energy storage power plants

are employed which are also capable of delivering large amounts
of electrical power for a relatively short period of time.

Energy storage power plants known from the prior art are
differentiated primarily by the manner in which the electrical

energy 1s temporarily stored. The best known type of enerqgy
storage power plants are water storage power plants and pumped
storage power plants which, at periods of low consumption, pump
water into a reservoir where its level relative to the earth’s

surface gives the water contained therein increased potential

‘h’
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energy. Other types of energy storage power plants do not store

the electriczl energy occurring as potential energy
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but instead as chemical or physical energy, for example in the

form of heat or compressed air.

Many of these types of energy storage power plants are subject
to geological or structural constraints so that where they are
provided is often dependent on location. In addition, these
technologies sometimes also entail high implementation costs
which often undermine profitability. A further disadvantage of
the energy storage power plants known from the prior art can be
seen 1n the fact that the power output is often too low or

cannot be output for sufficiently long periods of time.

Summary of Invention
it is therefore necessary to propose an energy storage power

plant which is capable of overcoming the disadvantages known

from the prior art.

It is in particular necessary to propose an energy storage

‘power plant which 1s subject to relatively few constraints with

respect to the local area in which it is sited. Such an energy
storage power plant should furthermore also be capable of
supplying sufficient quantities of electrical power during
periods of peak loads which can even last several hours. This
should moreover Dbe possible at relatively low cost. It is
furthermore desirable to propose an energy storage power plant

which 1s sultable for treating water advantageously and cost-
effectively 1n a steam process by means of thermal energy and

thus utilizing it to generate power in an electricity
generating process. |

These objects of the present 1nvention are achieved by an
eénergy storage power plant and by a method for operating

such an energy power plant as claimed.

VT d—
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An object of the invention is in particular achieved by an

energy storage power plant for generating electrical power
which i1s suitable for converting electrical energy into thermal

energy, wherein the thermal energy can be stored temporarily in
at least two thermal storage tanks until it is needed and be
retrieved when needed in order to increase the energy content
of water in a water circuit, comprising: |

- the at least two thermal storage tanks, each with at 1least
one converting device which enables electrical energy to be
converted directly or iﬁdi,rectly into thermal energy, wherein
the at least two thermal Stofage tanks can be thermally charged
by temporarily storing this thermal energy, and wherein a
thermal storage tank 1s provided for storing sensible hea£ and
a thermal storage tank is provided for storing latent heat, and

~-at least one power generation unit which can be operated with
the water in the water circuit, the energy content of which was

increased by the temporarily stored thermal energy, in order o
generate electrical power during operation.

— Ay Aa

Moreover, an object of the invention is achieved by a method

for operating such an energy storage power plant, wherein it
has the following steps:

- operating the converting device in order to convert

electrical energy directly or indirectly into thermal

energy, at least one of the at least two thermal storage

tanks being thermally charged by temporarily storing this
thermal enexrgy;

- operating the at least one power generation unit with the
aid of the water in the water circuit, the energy content
of which was increased by the temporarily stored thermal
energy from the at least one thermal storage tank, in
order to generate electrical powef during operation;

wherein a thermal storage tank is in particular charged and/or
discharged in a temperature-controlled fashion.
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The invention makes use of the fact that electrical energy

which can be purchased relatively cheaply at times of excess

production of electrical energy can be converted 1nto thermal

.

energy which is temporarily stored in a suitable fashion 1in the

energy storage power plant, and can be supplied again for

electricity generation when needed. Electrical energy can
hereby be converted into thermal energy using known means and
methods. The thermal energy thus generated can be temporarily

stored in a controlled fashion 1n the energy storage power

plant until there is a further demand for energy. The thermal

energy can then be transmitted efficiently to the water 1n the
water circuit with a low loss of thermal power. A low loss of
thermal power 1is achieved, on the one hand, by virtue of the
integration of the thermal storage tank into the power plant
and the consequently relatively short supply paths and, on the

other haend, by the well-controlled transmission o©f heat to

water in a water cilircuilt.

Providing two different thermal storage tanks additionally

P
p—

enables water to be processed efficiently 1n a steam process.

Providing a thermal storage tank for storing sensible heat and

a thermal storage tank for storing latent heat is particularly

suitable for particularly efficient stepwlise processing of the

water as different guantities of thermal energy can be

transmitted to the water at different temperature levels. The

thermal storage tank for storing latent heat 1s hereby designed

to output thermal energy at an essentlally constant temperature

level. This 1s, for example, particularly suitable for

evaporating a thermal fluid. The thermal storage tank for

storing sensible heat 1s, on the other hand, particularly

suitable for outputting thermal energy 1n a predetermined

temperature range between an upper and a lower temperature

threshold value. This 1is, for example, particularly suitable

for superheating a thermal fluid.
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Energy storage tanks for holding and outputting latent energy

on the basis of ligquefied salts or PCM (phase change materials)

should hereby be preferably mentioned. Such materials enable
thermal energy to be stored at relatively high temperature
levels (2 100°C). Such materials are particularly suitable for
providing a thermal storage tank which 1s used to superheat
already generated steam in the water circuit, as they can also

be used at temperatures above 400°C without decomposition.

Thermal storage tanks for temporarily storing sensible heat can
also be provided on the basis of cost-effective materials such

as, for example, concrete, rock, or sand. Similarly, thermal

oils are also suitable for use in thermal storage tanks for

storing sensible heat. Thermal oils are particularly suitable

for temperature levels below 300°C.

Transmitting the thermal energy to the water 1in the water

circuit typically serves to preheat the water or to cause 1t to

evaporate under predetermined conditions. It 1s llkewilse

conceivable that the temporarily stored thermal energy serves

to process the steam, in particular to superheat 1it.

Accordingly, the thermal energy from the storage tank can be

used to suitably condition the water in the water circuit under

different process reguirements. It is particularly advantageous

if the water is evaporated by means of heat which 1s removed

from the thermal storage tank which i1s provided for temporarily

Tt is likewise advantageous that heat from

storing latent heat.
the thermal storage tank for storing sensible heat 1s used to

superheat already generated steam.

The method for operating an energy storage power plant 1s

advantageously carried out in a temperature-controlled fashion.
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By controlling the temperature, on the one hand, the charging
state in the thermal storage tank can be suitably modified and,
on the other hand, 1t 1s possible to achleve an advantageous
degree of control over the discharging state during
temperature-controlled removal of the thermal energy. Moreover,
the thermal energy still available in the thermal storage tank
can be estimated with the aid of the prevailing temperature
conditions therein, as a result of which the maximum possible

gquantities of thermal energy removed can be calculated easily.

According to a first embodiment of the

energy storage power plant according to the invention, it is
provided that at least one, and preferably two, thermal storage
tanks has/have a modular structure, wherein the respective
modules can be charged as necessary with thermal energy
independently of each other and/or be discharged as necessary
independently of each other 1n order to transmit thermal energy
to the water in the water circuit. By wvirtue of the modular
structure of a thermal storage tank, the amount of energy to be
stored can be controlled or regulated wvariably so that a
greater degree of control over the process of discharging
thermal energy to the water 1n the water «circuit can be
achieved. Moreover, 1t 1s also possible to charge modules of
the thermal storage tank with differently sized quantities of
thermal energy but without there beilng a need to remain below
any predetermined minimum temperatures. Similarly, the charging
process can take place in such a way that the temperature level
of a module of the thermal storage tank reaches a predetermined
target temperature. Furthermore, the modular structure also
makes it possible for differently sized quantities of thermal
energy to be able to be output or held at essentially a

constant temperature level.

It 1s, for example, also advantageous to adjust technically
predetermined target temperatures during the preheating of the
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water 1n the water <circuit or during the evaporation or

superheating of the steam from the water in the water circuit
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in order thus to effect efficient use of all thermal sources.

It needs to be taken into consideration, in particular 1in the

case of reconversion into electricity by means of a steam

turbine, that different reconversion outputs require differing

Flows of quantities of steam, which 1s why 21n these cases

e

1

different thermal outputs also need to be called up from the

thermal storage tank. In this connection, the modular structure

of the thermal storage tank enables the operataion of a steam

cycle which 1is stable with respect to 1its fluld dynamic

behavior, as a result of which the steam conditions required

for the reconversion into electricity can be readily

controlled.

According to a further embodiment of the energy storage power
plant according to the invention, 1t 1s provided that at least
one, and preferably both thermal storage tanks

transmits/transmit -its/their thermal energy to the water in the

water circuit indirectly wvia one or more heat exchangers.

Although the heat exchanger does, on the one hand, cause a

slight reduction in the efficiency of the heat transmission, 1t

does represent an improvement 1n process technology terms
because the heat can be transmitted wvia 1t from the thermal
storage tank to the water in the water circult 1n a controlled
manner. In addition, 1t 1s possible to supply the heat
exchanger via individual modules of the thermal storage tank 1in

a targeted fashion. Accordingly, the temperature level of the

heat exchanger or the change over time 1n the temperature level

of the heat exchanger can 1n particular be adjusted 1n a

sultable manner by individual modules outputting their heat to

the heat exchanger at different times or at a different
temperature level. A heat exchanger with multiple modules which
can transmit different gquantities of thermal energy to the heat

exchanger at different times 1s preferred. The heat exchanger

can hereby 1n the simplest case take the form of a heat storage

device for temporary thermal storage of the thermal energy

transmitted from the individual modules.
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According to a development of the above described

embodiment, it is provided that the heat exchanger can likewise
also be supplied with thermal energy from another heat source.
Such a heat source is in particular an external heat source,
the thermal energy of which comes from a combustion process,-
particularly preferably from a power plant process. The waste
heat of a gas turbine can particularly preferably hereby be
transmitted to the heat exchanger. The heat exchanger can, for
example, also be comprised of a steam power plant or a coupled

gas and steam power plant.

According to a further embodiment of the energy storage power
plant according to the invention, it is also provided that the
at least one thermal storage tank directly outputs its thermal
energy to the water in the water circuit, wherein the water
circuit extends at least partially within the thermal storage
tank. When thermal energy is output directly to the water in
the water circuit, it must be expected that the efficiency of
the thermal transmission 1s relatively high. In addition,' a
thermal coupling of the water circuit to the thermal storage
tank can sometimes be achieved by relatively simple structural

measures.

According to a further embodiment of the present invention, it
is provided that the converting device 1s an electrical
resistance heating device. The resistance heating device allows
electrical energy to be converted 1into thermal energy with
relatively high efficiency. Suitable electrical resistors thus
make it possible to convert almost all the electrical energy
into thermal heat which can be temporarily stored in the
thermal storage tank. The arrangement of the electrical
resistance heating device relative to the thermal storage tank
is preferably carried out in such a way that there is only a
‘relatively low thermal transmission resistance when the thermal
energy 1s transmitted to the thermal storage tank. If the
thermal storage tank has, for example, a modular
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structure, it is also possible to control individual modules
differently in order thus to transmit a different respective
thermal output into the individual modules. It is moreover also
preferred that each of the individual modules of the thermal
storage tank is provided with at least one converting device

for converting electrical energy into thermal energy.

According to a further aspect of the present

invention, the at least two thermal 1's‘t:orage tahks provided in
the energy storage power plant.are designed in such a way that
thermal energy is output at two different temperature levels,
wherein thermal energy is in particular transmitted to the
water in the water circuit at two different points in the water
circuit. A high degree of control and thermal efficiency of the
transmission of thermal energy to the water in the water
circuit 1s thus ensured. When at least one of the two thermal
storage tanks 1s provided for evaporating the water in the
water circuit, a stéble,steam cycle can additionally thus also
be generated which 1s necessary for use in a steam process.
Moreover, different quantities of thermal energy <can be
transmitted to the water circuit at different points in the
water circuit, as a result of which a higher thermal overall

efficiency can alsoc result.

According to another embodiment, the thermal

storage tank for storing sensible heat has a higher temperature
level and serves to provide thermal energy for superheating
already generated steam from the water in the water circuit.
The thermal storage tank for storing the latent heat can, by
comparison, have a lower temperature level and can be used to
provide thermal energy in an evaporator which transforms water

in the water circuit into its steam phase.
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According to a further aspect of the described embodiments of
the energy storage power plant, it can be provided that one of
the at least two thermal storage tanks has a temperature level
of less than 400 °C and one of the at least two thermal storage
tanks has a temperature level of more than 400 ©°C. These
temperature levels are in particular suitable for transmitting
thermal energy to water in a water circuit in conjunction with
a steam process. At a temperature level of less than 400 °C,
the water situated in the water circuit can thus, for example,
be evaporated by a sufficient transmission of thermal energy,
wherein the steam 1s subsequently superheated at a temperature
level of more than 400 °C by further transmission of thermal
energy from the second thermal storage tank. The temperature
levels according to the embodiment are thus particularly
suitable for use 1n an enerqgy storage power plant which

achieves the generation of electrical power by means of a steam

turbine.

According to a further exemplary embodiment, the

energy storage power plant can be designed in such a way that
the power generation unit has at least one steam turbine,
preferably at least two steam turbines supplied by the water
circuit, wherein the water circuit 1s arranged downstream with
respect to the first steam turbine in order to receive further
heat with at least one thermal storage tank for thermal
conversion. In this way, the stéam issuing from a high-pressure
steam turbine can, for example, Dbe superheated again in order
then to feed 1t to a medium-pressure steam turbine. The

repeated superheating ensures improved efficiency in the

generation of electrical power.

According to further embodiments, it is likewise possible to
condition the water 1n the water circuit during its travel
between the individual steam turbines in a targeted way by the

transmission of thermal energy from one of the thermal storage

- —-—'-.-.'-
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tanks. It 1s thus, for example, cocncezvaedble that the steam

i1ssuing from
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a medium-pressure steam turbine 1s conditioned again in a
further thermal conditioning by transmitting thermal heat from
the thermal storage tank before 1t 1s fed into a low-pressure

steam turbine. In this embodiment too, the overall efficiency

of the power generation unit can be increased.

According to another embodiment of the energy

storage power ﬁlant, at least one of the thermal storage tanks,
in particular the storage tank provided to store- latent heat,
is. designed to evaporate water in the water circuit. The
ex}aporation can, for example, take place in a pipe fluidly

connected to an evaporation vessel.

According to a further embodiment, at least one of the thermal
storage tanks, in particular the storage tank provided to store
sensible heat, 1s designed to superheat water that is at least
partially in the form of steam in the water circuit.

Tt is furthermore also possible that the thermal storage tank
that 1is provided to store sensible heat is designed to be
charged or discharged at an essentially constant temperature
level. During the discharging, this can preferably be achieved
by providing two reservoirs in the thermal storage tank with a
liquid heat storage medium, wherein the heat storage medium in
each reservoir is at different temperature levels. By mixing
the thermal energy from both reservoirs in a targeted way, an

essentially uniform temperature level can subsequently be

ensured during the discharging of the thermal storage tank (two
tank solution). |

According to an embodiment of the method

according to the invention, it is pi:ovided that at least one

thermal storage tank 1s charged by means of excess electricity
from the public electricity grid. Accordingly, excess
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electricity can be removed at times when the price of

12 -

—
p—

electricity 1s relatively favorable. This electrical energy 1s

converted i1nto thermal energy and temporarily stored 1n the

thermal storage tank until there 1s a need to meet an 1i1ncreased

requirement 1in the electricity grid on the basilis o0of i1ncreased

*

demand. This can be met at dif

p

ferent times with the aid of

thermal enerqgy, removed from the thermal storage tank, which 1s

converted 1nto electrical energy by means of the power

generation unlit. Because the electrical energy generated at

thlis point 1n time can be purchased at a higher price,

advantageous profitability results for the operator of the

energy storage power plant.

According to another embodiment of the method according to the

invention for operating an energy storage power plant, 1t 1s

ﬁ

pr—

provided that the modules of at least one of the thermal

storage tanks are charged at di:

at different times 1n order to

water 1n the water circuit. As

F

one hand the efficiency of the

water i1n the water circuilt can

ﬁ

J—
p—

ferent times or are discharged

transmit thermal energy to the
already described above, on the
thermal heat transmission to the

thus be i1ncreased and the

control of the whole method for reconversion i1nto electricity

improved.

pr—

According to a further embodiment of the present invention,

there 1s provided an energy storage power plant for generating

electrical power which 1s sultable for converting electrical

energy 1nto thermal enerqgy, wherein the thermal energy can be

stored temporarily 1in at least

two thermal storage tanks until

1t 1s needed and be retrieved when needed 1n order to 1ncrease

F

the energy content of water in

a water cilrcuit, comprising: at
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least two thermal storage tanks, each with at least one
converting device which enables electrical energy to be
converted directly or indirectly i1nto thermal energy, whereiln
the at least two thermal storage tanks can be thermally charged

by temporarilily storing the thermal energy, and wherein a

thermal storage tank 1s for storing sensible heat and a thermal

i

storage tank 1s for storing latent heat, and wherein one of the

two thermal storage tanks has a modular structure and 1s

thermally connected to a heat exchanger, via which heat

exchanger heat can be transmitted 1ndirectly from the modules

F
—

of the thermal storage tank to the water 1n the water circuilt,

F y—

whereln each of the i1ndividual modules 1s provided with one of

the at least one converting device for converting electrical

energy 1nto thermal enerqgy, and wherein the i1ndividual modules

can be charged when needed with thermal energy independently of

each other, and at least one power generation unit which can be

-

operated wilith water in a water circult, the energy content of

which was 1ncreased by the temporarily stored thermal energy,

1n order to generate electrical power during operation.

ﬁ

Brief Description of the Drawings

bl

Other embodiments can be derived from the subclainms.

V)

The followling drawilings explain the 1nvention with the aid of

concrete exemplary embodiments. The form that the invention

takes 1n the drawings does not represent any limitation with

iy -

respect to the general nature of the claimed invention. In the

drawings,



CA 02867201 2014-10-17

54106-1684

- -

....13...

Figure 1 shows a first embodiment of the energy storage power
plant according to the invention in a schematic representation,
Figure 2 shows a second embodiment of the energy storage power

plant according to the invention in a schematlc representation.

Detailed Description of Invention

Figure 1 shows a first embodiment of the energy

storage power plant 1 accdrding to the invention for generating
electricity. Inside a power plant unit 3, the energy storage
power plant 1 has a power generation unit 20 which 1s provided
for generating electrical energy; The power generation unit 20
comprises a low-pressure turbine (LP turbine) 21 which 1is
axially coupled to a medium-pressure turbine (MP turbine 22)
which in turn is axially coupled to a high-pressure turbine (HP
turbine) 23. All three turblnes have a common shaft 25 by means
of which they are operatively connected to a generator 24 in
order to generate electricity. The power generation unit 20 1is
supplied with superheated steam from the water circuit 2. In
order to generate the superheated steam, water 1in the water
circuit 2 is initially evaporated by transferring thermal
energy from one of the two thermal storage tanks 10 and the

steam generated in this way is superheated in a subsequent

step.

In order to evaporate the water i1n the water circuit 2, it can
be allowed to flow into a water reservoir 41 from which in turn
part of the water 1is removed and at least partially evaporated
by transferring thermal energy from the thermal storage tank 10
which i1s used as an evaporafor.lB. The steam generated in this
way, or the steam/water mixture generated i1s fed back into the
water reservoir 41 from which the steam generated i1s removed in
a subsequent step for superheating. By transferring thermal
energy from a further thermal storage tank 10 which is used as

a superheater 14, this steam 1s superheated by the input of
additional energy and then fed to the power
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generation unit 20. As shown, valves for controlling the steam

mass flow can hereby be provided.

If part of the energy of the superheated steam 1in the water

P

circuit 2 1s output to the high-pressure turbine 23 of the

power generation unit 20, 1t 1s fed to the superhezter 14
(thermal storage tank 10) with the aid of a reheater pipe 46 in
order to transier further thermal energy from saild superheater
14. This reheated steam 1s then fed to the medium-pressure

turbine 22 and downstream to the low-pressure turbine 21. The

kinetic energy stored in the steam 1s converted by the three

turbines 21, 22 and 23 into rotation of the shaft 25, by means

g

of which the generator 24 1s 1n turn operated in order to

generate electricity.

Downstream from the low-pressure turbine 21, the remaining
steam 1s fed to a condenser 44 in which the water is cooled to
such a low temperature level that 1t passes into its liguid
phase. The liquid water generated in the condenser 44 is then

fed to a preheater 43 for heating again, said preheater 43

being partially supplied with steam from the low-pressure

turbine 21. The water leaving the preheater 43, provided with

an increased enerqgy content, 1s then fed again to the

evaporator 13 by the condensate pump 42.

According to the embodiment shown in Figure 1, the thermal
storage tank 10, which 1s designed as an evaporator 13, is at a
lower temperature than the thermal storage tank 10 which is
designed as a superheater 14. Accordingly, it is advisable to

design the evaporator 13 as a thermal storage tank for storing

latent heat, whereas the superheater 14, which needs to have
conslderably higher temperatures, 1s designed as a thermal

storage tank for storing sensible heat.
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In order to charge both thermal storage tanks 10, when

necessary electrical energy 1is removed from an electrical
supply circuit 16, i.e. from the public electricity grid, and

then converted into thermal energy by means of one or more

suitable converting devices 15. In the present case, the two

thermal storage tanks 10 are each provided with a converting
device 15 which 1s designed as a resistance heating device.
Accordingly, it is possible when necessary to remove electrical

energy from the electric supply circuit 16 and to store 1t

temporarily as thermal energy in one of the two thermal storage

tanks 10. Depending on the amount of energy required and
depending on the necessary temperature level, the converting
devices 15 can be adjusted individually in order to correspond

to the process-related requirements. This adjustment can be

performed in numerous embodiments of the 1nvention.

Figure 2 shows a further embodiment of the energy storage power

plant according to the invention in a schematic representation.

With respect to the power generation unit 20, the embodiment

P
p—

shown 1in Figure 2 does not differ significantly from the

embodiment shown 1n Figure 1.

An essential difference between the two embodiments 1is,
however, that the embodiment shown 1n Figure 2 has thermal

storage tanks 10 with a modular structure which are each

thermally connected to a heat exchanger 12. In all, three

thermal storage tanks 10 are ©provided which are each

constructed from three modules 11. The individual modules 11
each have a converting device 15 which enables electrical
energy from an electrical supply circuit 16 to be converted
into thermal energy. The thermal energy generated 1in this way
1s temporarily stored 1in the respective assoclated module 11 of
the thermal energy storage power plant 10. Depending on demand,
thermal power can be removed Ifrom these modules 11 of the

thermal storage tank 10 and transferred to the heat exchanger

12. According to an embodiment, the respective transfer
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can also be controlled cr regulated i1n a suitable fashion.

As 1n the embodiment according to Figure 1, the embodiment
according to Figure 2 also has a thermal storage tank 10 which
1s designed as an evaporator 13, and a thermal storage tank 10
which 1is designed as a superheater 14. In addition, the

embodiment shown also has a further thermal storage tank 10

which 1s designed as an economlzer 17 and serves to preheat the

water 1n the water circuit 2 before 1t 1s transferred into the

water reservoir 41 and then into the associated heat exchanger
12 1in order to transmit thermal energy. According to an

embodiment, the thermal storage tank 10 which 1s designed as an

economizer 17 has a lower temperature level than the thermal

storage tank 10 which 1s designed as an evaporator 13. By

P

virtue of the thermal storage tank 10, which 1s additional in

comparison with the embodiment 1n Figure 1 and 1is designed as

an economizer 17, improved control of the thermal transfer, and

also improved control of the fluid dynamic flow conditions in

the water circuit 2, can be achieved.

Furthermore, the embodiment according to Figure 2 differs from
that shown 1n Figure 1 in that the thermal storage tank 10 can

be additionally also supplied with thermal energy by an

external heat source 30. The heat source 30 hereby preferably

makes available thermal energy from a combustion process,

particularly preferably waste heat from a combustion process.

Depending on demand, thilis heat can be transferred into the heat

exchanger 12 1n order thus to 1increase the amount of thermal
energy which 1s transmitted to the water in the water circuit

2. As shown, the thermal energy can be transmitted in series in

from the heat source 30 to the individual heat exchangers 12
one after the other through a connecting pipe. However,
alternatively transmission in parallel from the heat source 30

or an individual solution are also conceivable. It is known to

a person skilled in the art
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that such an external heat source 30 could also in prainciple be

provided in the embodiment according to Figure 1.
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CLAIMS:
1. An energy storage power plant for generating

electrical power which 1s suitable for converting electrical
energy 1nto thermal energy, wherein the thermal energy can be
stored temporarily 1n at least two thermal storage tanks until

1t 1s needed and be retrieved when needed in order to i1ncrease

the energy content of water in a water circuit, comprising:

at least two thermal storage tanks, each with at

least one converting device which enables electrical energy to

pe converted directly or i1ndirectly into thermal energqgy,

whereln the at least two thermal storage tanks can be

thermally charged by temporarily storing the thermal energy,

and

wherein a thermal storage tank is for storing

sensible heat and a thermal storage tank is for storing latent

heat, and

pl—

wherelin one of the two thermal storage tanks has a

modular structure and 1s thermally connected to a heat

exchanger, via which heat exchanger heat can be transmitted

indirectly from the modules of the thermal storage tank to the

water 1n the water circult,

pr—

wherein each of the individual modules is provided

P

with one of the at least one converting device for converting

electrical energy into thermal enerqgy, and wherein the

individual modules can be charged when needed with thermal

—

energy independently of each other, and
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at least one power generation unit which can be

——
P—

operated with water 1n a water circult, the enerqgy content of

which was 1ncreased by the temporarily stored thermal enerqgy,

1n order to generate electrical power during operation.

2. The energy storage power plant as claimed 1n claim 1,

wherein

at least one thermal storage tanks has a modular

structure, wherein the respective modules can be charged as

fr—

necessary with thermal enerqgy i1ndependently of each other

g—

and/or be discharged as necessary independently of each other

1n order to transmit thermal energy to the water 1n the water

clrcuilt.

3. The energy storage power plant as claimed 1n claim 1,
whereln the convertling device 1s an electric resistance heating

device.

4. The energy storage power plant as claimed in claim 1,

p—

wherein one of the at least two thermal storage tanks has a

P

temperature level of less than 400°C and one of the at least

#

two thermal storage tanks has a temperature level of more

than 400°C.

. The energy storage power plant as claimed 1n claim 1,
wherein the power generation unit has at least one steam

turbine supplied by the water circuilit, wherein the water

clrcult 1s arranged downstream with respect to the at least one

first steam turbine 1n order to receilve further heat with at

least one thermal storage tank for thermal conversion.
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o . The energy storage power plant as claimed in claim 1,

gr—

wherein at least one of the thermal storage tanks 1s designed

to evaporate water 1n the water circuit.

7. The enerqgy storage power plant as claimed 1n claim 1,

wherein at least one of the thermal storage tanks 1s designed

to superheat water that i1s at least partially in the form of

g
-

steam in the water circuit.

8 . The energy storage power plant as claimed i1n claim 1,

wherein the thermal storage tank that 1s provided to store

sensible heat is designed to be charged or discharged at an

essentially constant temperature level.

9. A method

for operating an enerqgy storage power plant

as claimed in claim 1, comprising:

operating the at least one converting device 1n order

to convert electrical enerqgy directly or indirectly into

thermal energy, at least one of the at least two thermal

storage tanks being thermally charged by temporarily storing

this thermal energy, wherein moreover one of the thermal

storage tanks has a modular structure and 1s thermally

connected to a heat exchanger, and wherein each of the

individual modules of the thermal storage tanks 1s provided

with at least one converting device for converting electrical

energy into thermal enerqgy, and wherein the i1ndividual modules

—

are charged with thermal energy independently of each other;

transmitting heat via the heat exchanger from the

gr—

modules of the thermal storage tank indirectly to the water 1n

the water circuilt;
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operating the at least one power generation unit with

the aid of the water in the water circuit, the energy content

i

of which was 1ncreased by the temporarily stored thermal enerqgy

from the at least one thermal storage tank, 1in order to

generate electrical power during operation;

whereln a thermal storage tank is 1in particular

charged and/or discharged in a

temperature-controlled fashion.

10. The method as claimed in claim 9, wherein at least

one thermal storage tank 1s charged by means of excess

electricity from the public electricity grid.

11. A method for operating an energy storage power plant

as claimed 1in claim 2,

ﬁ

wherein the modules of at least one of the thermal

storage tanks are charged at different times or are discharged

pr—

at different times 1n order to

water 1n the water circuit.

transmit thermal energy to the

12. The energy storage power plant as claimed in claim 1,

whereiln

two thermal storage tanks have a modular structure,

wherein the respectilive modules

can be charged as necessary with

ﬁ

thermal energy independently of each other and/or be discharged

ﬁ

as necessary 1ndependently of each other in order to transmit

thermal energy to the water in

the water circuilt.

13. The energy storage power plant as claimed 1n claim 1,

wherein the power generation unit has at least two steam
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turbines supplied by the water circuit, wherein the water

circuilt 1s arranged downstream with respect to the first steam

turbine 1n order to receive further heat with at least one

thermal storage tank for thermal conversion.

5 14. The energy storage power plant as claimed 1n claim 1,
wherein the storage tank provided to store latent heat 1s

designed to evaporate water 1n the water cilrcuit.

15. The enerqgy storage power plant as claimed 1n claim 1,

wherein the storage tank provided to store sensible heat 1is

10 designed to superheat water that 1s at least partially in the

form of steam 1n the water circult.
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