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(57) Abstract: A thermal energy storage
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where a first working fluid is circulated, the
charging circuit (100) including: - a first flu-
id transporting machine (110) for generating
a flow of the first working fluid in charging
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circuit (100), - a heating device (120) elec-
trically powered for transfer- ring heat to the
first working fluid, - a heat accumulator
(130) for storing the thermal energy of the
first working fluid, the heat accumulator
(130) including a hot end (131) for receiving
the first working fluid at a first temperature
(T1) and a cold end (132) for letting the first
working fluid exit the heat accumulator (130)
at a second temperature (T2) lower than the
first temperature (T1); the heat accumulator

(130) comprises a plurality of heat storage
200

units (135a, 135b, 135¢) connected in series
between the hot end (131) and the cold end
(132), which may be separated by valves
(137a, 137b).
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DESCRIPTION

Thermal energy storage plant

Field of invention

The present invention relates to a plant for storing thermal

energy and to a method for operating such plant.

Art Background

The integration of renewable energy into the main power sup-
ply network challenges the grid, since it was designed for
central power production. Electricity generated by renewable
energy sources has an unlimited precedence for power supply
to the electricity network. Energy production from renewable
energy sources is difficult to forecast and depends on weath-
er conditions such as wind speed or solar radiation. To han-
dle this fluctuating production, renewable energy sources
need to be curtailed, fossil fueled power plants providing
base load need to become more flexible or the excess energy
has to be sold cheaply abroad. In addition, the location of
production of renewable energy such as onshore and offshore
wind does not coincide with the region of high power consump-
tion.

Therefore, energy storages play an important role in the im-
provement of the stability of power supply networks.

Sensible thermal storages are state of the art for storing
fluctuating energy from renewable sources. Electrical excess
energy from the main supply grid is transformed into thermal
energy and is stored in some storage material. In times with
no or low occurrence of wind, the stored thermal energy is
used for generating steam to produce electrical energy over a
steam turbo generator and the produced electricity is fed in
the main supply grid.

A possible solution to this problem is provided by a thermal

energy storage plant, which is a combination of a charge cy-
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cle and a discharge cycle, that are both connected to a heat
storage unit. The charge cycle comprises, in a closed loop, a
fluid transporting machine, e.g. a fan, a heating device,
which may be a resistant or inductive heater, or a heat pump
fed by the electrical power generated by a renewable energy
source or from the electricity grid, and the heat storage
unit. The discharge cycle comprises, in a closed loop, the
same heat storage unit of the charge cycle, a blower and a
water steam cycle. The water steam cycle includes a thermal
machine such as a steam turbine and a heat recovery steam
generator (HRSG), a boiler, a heat exchanger or an evapora-
tor, for transferring the thermal energy to water to generate
steam which is fed to the thermal machine to produce electri-
cal power from an electrical generator connected to the ther-
mal machine.

The heat storage unit is typically filled with solid or bulk
materials, for example stones, bricks, ceramics and other
solid materials, which have the ability to be heated up and
to keep their temperature over a long period of time in order
to store the thermal energy which has been transferred to
them. Alternatively a phase change material can be used in
the heat storage unit.

These materials are heated using a working fluid, e.g. air,
circulating in the charge cycle, which has a temperature
higher than the storage material. In the discharge cycle the
stored energy is recovered through a flow of the same or dif-
ferent fluid, which has a lower temperature than the storage
material. Therefore, the heat storage unit has a respective
hot and a cold end.

In the charge cycle, the heat storage unit is connected by a
pipe or ducting system to the heating device and to the fluid
transporting machine. The fluid transporting machine moves
the working fluid through the heating device to the hot end
of the thermal storage. A temperature front travels through
the heat storage unit from the hot end to the cold end. The
temperature front is a zone of strong temperature gradient in
the heat storage unit, which separates the hot and the cold

zone in the heat storage unit. The charging of the heat stor-
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age unit stops, when the temperature at the cold end begins
to rise above a chosen temperature threshold.

In the discharge cycle the mass flow of the working fluid will
be guided through the heat storage unit in the opposite di-
rection compared to the charge cycle. In the discharge cycle
the working fluid enters the heat storage unit at the cold
end, reaches the assigned temperature inside the heat storage
unit and leaves at the hot end before the working fluid en-
ters the steam generator.

The temperature front travels in reverse direction compared
to the charging cycle through the heat storage unit. When the
temperature at the hot end begins to decrease the discharging
process 1s stopped.

In the thermal energy storage plants described above, natural
convection plays an important role when the heat storage unit
is installed horizontally. This is caused by different densi-
ties of the working fluid having different temperatures at
the hot and cold ends of the heat storage unit. This effect
causes a non-homogenous temperature distribution over the
length of the storage.

The air at the cold end of the storage has a higher density
than the air at the hot end. When the storage plant is in
idle mode, between charging and discharging operations, this
causes, by natural convection, an air circulation inside the
heat storage unit which makes the temperature front tilt: hot
air from the upper part of the hot end of the heat storage
unit moves towards the upper part of the cold end while cold
air from the lower part of the cold end of the heat storage
unit moves towards the lower part of the hot end. The longer
the storage remains in idle mode, the higher is the air cir-
culation caused by natural convection. This leads to a re-
duced mixed temperature in the storage, which causes an
exergy loss and strongly reduces the usable energy in the wa-
ter steam cycle and consequently the round trip overall effi-
ciency of the storage plant.

A possible solution may be to use vertical heat storage
units, where natural convection plays no considerable role.

The temperature front in vertical heat storages is in fact
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perpendicular to the direction of gravity. Therefore, the
temperature front moves vertically through the storage and
the temperature front remains unaffected by natural convec-
tion during charging, idle or discharging. However, the as-
sembly and installation of vertical heat storage units deter-
mines a number of inconveniences, e.g. it causes high cost
because of its foundation requirements, inlet and outlet con-
nections are more complex and heights available for the in-

stallation may be limited.

Therefore, it may be a need for improving a thermal energy
storage plant in such a manner that the above mentioned in-
conveniences can be suppressed or reduced in an optimized

way.

Summary of the Invention

This need may be met by the subject matter according to the
independent claims. Advantageous embodiments of the present

invention are described by the dependent claims.

According to a first aspect of the invention there is provid-
ed a thermal energy storage plant comprising a charging cir-
cuit where a first working fluid is circulated, the charging
circuit including:

- a first fluid transporting machine for generating a flow of
the first working fluid in the charging circuit,

- a heating device electrically powered for transferring heat
to the first working fluid,

- a heat accumulator for storing the thermal energy of the
first working fluid, the heat accumulator including a hot end
for receiving the first working fluid at a first temperature
and a cold end for letting the first working fluid exit the
heat accumulator at a second temperature lower than the first
temperature,

wherein the heat accumulator comprises a plurality of heat
storage units connected in series between the hot end and the
cold end.
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The first fluid transporting machine guides the transport
fluid through every heat storage unit, from the first heat
storage unit, close to the hot end, to the last heat storage
unit, close to the cold end. The first fluid transporting ma-
chine, the heating device and heat accumulator may be ar-
ranged in a closed loop, so that the first working fluid, af-
ter exiting the last heat storage unit, passes through the
heating device and enters the first heat storage unit again.
Advantageously, this provides that the heat storage units
which are upstream the last heat storage unit can be com-
pletely charged to the desired first temperature. This causes
a homogenous temperature distribution inside the heat storage
units, when they are fully charged, which prevents natural
convection phenomena. After the charging of the upstream heat
storage units is completed by the first working fluid flowing
from the hot end to the cold end, only the last heat storage
unit contains the temperature gradient between the first to
the second temperature, thus the effect of natural convection

is limited to this last heat storage unit.

According to a possible embodiment of the present invention,
the heat accumulator further includes at least one valve in-
terposed between two heat storage units of said plurality of
heat storage units.

Thanks to the valves interposed between the heat storage
units, during idling operations, i.e. between charging and
discharging phases, the heat storage units can be disconnect-
ed from each other to prevent a mass flow between them initi-
ated by natural convection. In particular mass flow generates
in that heat storage unit, which contains the temperature
gradient. Therefore, according to an advantageous embodiment
of the present invention, a valve 1is provided for isolating
the last heat storage unit from the heat storage unit immedi-

ately upstream.

According to another possible embodiment of the present in-
vention, the thermal energy storage plant further comprises a

discharging circuit including:
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- the heat accumulator included also in the charging circuit,
- a second fluid transporting machine for generating a flow
of the second working fluid in the discharging circuit, the
flow being oriented from the cold end to the hot end of the
heat accumulator,

- a thermal cycle for transforming the thermal energy from
the second working fluid into mechanical power.

Particularly, the thermal cycle may be a water-steam cycle
including a thermal machine and a steam generator for trans-
ferring thermal energy from the second working fluid to a
mass of water in order to generate steam to be fed to the
thermal machine.

The use of the heat accumulator according to the present in-
vention provides an efficient way of reducing the losses when
using the thermal energy stored in the heat accumulator for
generating electrical energy power in the thermal machine,
which may consist, for example, in a steam turbo generator.
In particular, this allows to more efficiently managing the

electrical power generated from a renewable energy source.

According to another possible embodiment of the present in-
vention, the first and the second working fluid of, respec-
tively, the charging and discharging circuits, are the same.
Advantageously, this allows a common flow path inside the

heat accumulator to be used during charging and discharging.

According to another possible embodiment of the present in-
vention, the heat accumulator is oriented in such a way that
the first working fluid is circulated from the hot end to the
cold end along a horizontal direction. The horizontal mount-
ing of the heat accumulator causes the temperature gradient
described above to form. With such an installation, the use
of the heat accumulator according to the present invention
provides an efficient way of reducing the losses caused by

natural convection.
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According to a further aspect of the invention there is pro-
vided a method for operating the thermal energy storage plant
described above. The method comprising the steps of:

- heating the first working fluid,

- generating a flow of the first working fluid in the charg-
ing circuit, for charging the heat storage units in series
from the hot end to the cold end,

- stopping the heating and the flow of the first working flu-
id after at least one heat storage unit has been fully
charged. In this case one heat storage units contains the
temperature gradient. The heat storage unit that contains the
gradient may be the last, i.e. the one which is closest to
the cold end. Alternatively, intermediate charging states may
be possible, e.g. when wind conditions do not allow for full
charging of the storage. In that case, it is not the last
heat storage unit, which contains the temperature gradient
but, for example one of the intermediate.

The criterion for stopping the charging process is either
that the temperature gradient has moved into the last storage
unit or that the outside conditions (e.g. wind or electricity

prices) are no longer beneficial for charging the storage.

According to a possible embodiment of the present invention,
the method further comprises the step of isolating the
charged heat storage units from the other heat storage units,
by means of the valves provided between the heat storage

units.

According to a possible embodiment of the present invention,
the method further comprises the step of isolating the heat

storage units from the other heat storage units, by means of
the valves provided between the heat storage units. This al-
lows, for example, in the embodiment of the attached figures,
the first two heat storage units, which have a constant tem-
perature profile, to be let in communication with one anoth-

er, but isolated from the last heat storage unit.
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According to another possible embodiment of the present in-
vention, the method comprises the steps of:

- generating a flow of the second working fluid in the dis-
charging circuit, from the cold end to the hot end, for
transferring heat from the heat storage units to the second
working fluid,

- stopping the heating and the flow of the second working
fluid after the temperature at an inlet of a first heat stor-
age unit which is closest to the hot end has started to de-
cline, i.e. has reached a temperature lower than the first

temperature.

The method according to the present invention permits to
reach the same advantages described above with reference to

the plant apparatus according to the present invention

It has to be noted that embodiments of the invention have
been described with reference to different subject matters.
In particular, some embodiments have been described with ref-
erence to apparatus type claims whereas other embodiments
have been described with reference to method type claims.
However, a person skilled in the art will gather from the
above and the following description that, unless otherwise
notified, in addition to any combination of features belong-
ing to one type of subject matter also any combination be-
tween features relating to different subject matters, in par-
ticular between features of the apparatus type claims and
features of the method type claims is considered as to be

disclosed with this document.

The aspects defined above and further aspects of the present
invention are apparent from the examples of embodiment to be
described hereinafter and are explained with reference to the
examples of embodiment. The invention will be described in

more detail hereinafter with reference to examples of embodi-

ment but to which the invention is not limited.
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Brief Description of the Drawing

Fig. 1 shows a schematic diagram of a thermal energy
storage plant, according to an exemplary em-
bodiment of the present invention,

Fig. 2 shows a partial schematic view of the diagram
of figure 1, showing with more details some
components of the thermal energy storage
plant, according to the present invention,

Figs. 3 to 5 show three different versions of Fig. 2, in
three respective different operative condi-
tions,

Fig. © shows a schematic section view of a component

of the thermal energy storage plant of Fig. 1.

Detailed Description

The illustration in the drawing is schematically. It is noted
that in different figures, similar or identical elements or
features are provided with the same reference signs. In order
to avoid unnecessary repetitions elements or features which
have already been elucidated with respect to a previously de-
scribed embodiment are not elucidated again at a later posi-

tion of the description.

Figures 1 and 2 schematically show a thermal energy storage
plant 10 comprising a charging circuit 100 and a discharging
circuit 200, where, respectively, a first working fluid and a
second working fluid are circulated.

The first and the second working fluid may be in particular
the same, for example being both constituted by hot air.
According to other possible embodiments, the first and second
working fluids may be different gaseous or liquid or steam
media.

The charging circuit 100 includes, in a closed loop:

- a first fluid transporting machine 110 for generating a

flow of the first working fluid in the charging circuit 100,
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10

- a heating device 120 electrically powered for transferring
heat to the first working fluid,

- a heat accumulator 130 for storing the thermal energy of
the first working fluid, the heat accumulator 130 including a
hot end 131 for receiving the first working fluid at a first
high temperature Tl and a cold end 132 for letting the first
working fluid exit the heat accumulator 130 at a second low
temperature T2 lower than the first high temperature T1.

In the attached figures, the first fluid transporting machine
110 is immediately downstream the cold end 132 of the heat
accumulator 130. According to another possible embodiment of
the present invention (not shown), the first fluid transport-
ing machine 110 is immediately upstream the hot end 131 of
the heat accumulator 130.

When the first working fluid is air, the first fluid trans-
porting machine 110 may be constituted by a fan or blower.
The heating device 120 may be a resistant or inductive heater
or a heat pump fed by the electrical power generated by a re-
newable energy source, for example the wind speed generating
power by means of a wind turbine or solar radiation generat-
ing power by means of photovoltaic cells, or from the elec-
tricity grid.

The heating device 120 permits the first hot temperature T1
and the second low temperature T2 to be established between
the hot end 131 and cold end 132 of the heat accumulator 130.
According to possible embodiments of the present invention,
typical values are Tl = 600 °C and T2 = 120 °C. In other pos-
sible embodiments, values of T2 may be close to ambient tem-
perature or 300 °C.

In general, other values are possible, the wvalue of hot tem-
perature Tl depends on the operating temperature of a thermal
cycle 220 comprised in the discharging circuit 200 for trans-
forming the thermal energy from the second working fluid into
mechanical power, as detailed in the following. The low tem-
perature T2 is typically kept higher than ambient temperature
in order to reduce the heat load regquired in the heating de-
vice 120 for raising the first working fluid temperature up

to the high temperature T1.
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According to possible embodiments of the present invention,
the heat accumulator 130 is oriented in such a way that the
first working fluid is circulated from the hot end 131 to the
cold end 132 along a horizontal direction. In such type of
installations, the temperature front which forms between the
hot end 131 and the cold 132 of the heat accumulator 130
travels horizontally, from the hot end 131 to the cold end
132. The temperature front so oriented typically tends to
tilt, in particular during idle periods, for the effect of
natural convection.

The discharging circuit 200 includes, in closed loop:

- the heat accumulator 130,

- a heat exchanger 227 included in a thermal cycle 220 for
transforming the thermal energy from the second working fluid
into mechanical power,

- a second fluid transporting machine 210 for generating a
flow of the second working fluid in the discharging circuit
200, oriented from the cold end 132 to the hot end 131 of the
heat accumulator 130. The working fluid of the discharging
circuit 200 flows therefore in opposite direction with re-
spect to the flow of the working fluid in the charging cir-
cuit 100.

According to a possible embodiment of the present invention,
the thermal cycle 220 is a cycle including a thermal machine
225 and wherein the heat exchanger 227 is a steam generator
for transferring thermal energy from the second working fluid
to a mass of water in order to generate steam to be fed to
the thermal machine 225. The thermal machine 225 may be a
steam turbine having an output shaft connected to an electri-
cal generator 226 to produce electricity to be fed in a elec-
tricity grid. According to another possible embodiment, the
thermal cycle 220 may include, instead of the steam generator
227, a boiler or an evaporator or other type of heat exchang-
er for transferring heat from the second working fluid to the
thermal cycle 220.

The thermal cycle 220 further includes a condenser 228, con-
nected to the outlet of the steam turbine 225 and a pump 229,

between the condenser 228 and steam generator 227. Other
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types of thermal cycles may be used instead of the described
thermal cycle 220, provided that, in general, they are able
to transform the thermal energy from the discharging circuit
200 into mechanical power for powering the electrical genera-
tor 226.

With reference to figure 2 to 5, the heat accumulator 130
comprises a plurality of heat storage units (three heat stor-
age units 135a, 135b, 135c in the non-limiting embodiment of
the attached figures) connected in series between the hot end
131 and the cold end 132. With reference to figure 6, each
heat storage unit 135a, 135b, 135c comprises respectively a
housing 150a, 150b, 150c extending from an inlet 138a, 138b,
138c to an outlet 13%a, 139, 139c. Each housing 150a, 150b,
150c contains a plurality of heat storing elements 160 having
high thermal capacity, for example solid or bulk materials
like stones, bricks, ceramics and other solid materials,
which have the ability to be heated up and to keep their tem-
perature over a long period of time in order to store the
thermal energy which has been transferred to them. Each heat
storage unit 135a, 135b, 135c is configured for working with
the same working fluid to be used for the charging circuit
100 and for the discharging circuit. When the charging cir-
cuit 100 is operated, the working fluid, for example air,
flows from the inlet 138a, 138b, 138c to the outlet 139a,
13%9b, 139c, transferring heat to storing elements 160. When
the discharging circuit 200 is operated, the same working
fluid flows from the outlet 139%a, 139, 139c to the inlet
138a, 138b, 138c, receiving heat from the storing elements
160.

According to other possible embodiments of the present inven-
tion, other types of heat storage unit may be used, in par-
ticular being configured for the use with two working fluids,
one for the charging circuit 100, the other for the discharg-
ing circuit 200. This may be achieved, for example, providing
the each heat storage unit 135a, 135b, 135c with a first in-
let and a first outlet for the first working fluid and with a
second inlet and a second outlet for the second working flu-
id.
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The heat accumulator 130 further includes one or more valves
(two valves 137a, 137b, in the non-limiting embodiment of the
attached figures) interposed between respective couples of
consecutive heat storage units 135a, 135b, 135c. In the em-
bodiment of the attached figures, a first valve 137a is
placed on a pipe connecting the outlet 139%9a, 13%, 139c of
the first (i.e. closest to the hot end 131) heat storage unit
135a with the inlet 138a, 138b, 138c of the intermediate heat
storage unit 135b while a second valve 137b is placed on a
pipe connecting the outlet 139%a, 139, 139c of the intermedi-
ate heat storage unit 135b with the inlet 138a, 138b, 138c of
the last (i.e. closest to the cold end 132) heat storage unit
135c.

According to the present invention, a method for operating
the thermal energy storage plant 10, during charging of the
heat accumulator 130, comprises the steps of:

- heating the first working fluid by means of the heating de-
vice 120 of the charging cycle 100,

- using the first fluid transporting machine 110 for generat-
ing a flow of the first working fluid in the charging circuit
100, for charging the heat storage units 135a, 135b, 135c of
the heat accumulator 130, in series from the hot end 131 to
the cold end 132. During charging, a temperature front moves
from the first heat storage unit 135a to the last heat stor-
age unitl35c (an intermediate operative condition with the
temperature front in the intermediate heat storage unit 135b
is shown in figure 3),

- stopping the heating and the flow of the first working flu-
id after the last heat storage unit 135c has been charged,
i.e. when the temperature front reaches the outlet 139c of
the last heat storage unit 135c (figure 4) and the tempera-
ture T2 at the cold end 132 rises,

- isolating the heat storage units 135a, 135b 135c from each
other by means of the valves 137a, 137b.

After the charging of the heat accumulator 130 has been com-
pleted, in the first and intermediate heat storage units
135a, 135b the temperature profile is constant from the re-

spective inlet 138a, 138b to the respective outlet 139a,
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139b. This will prevent the occurrence of natural convection
in the first and intermediate heat storage units 135a, 13b5b.
This condition can be maintained easily by closing the wvalves
137a, 137b between the heat storage units 135a, 135b, 135c,
in particular the second valve 137b between the intermediate
and last heat storage units 135b, 135c. In such a way, natu-
ral convection which may occur in the last heat storage
unitl35c will not influence the other heat storage units
135a, 135b.

The same result can be obtained, according to other embodi-
ments of the present invention, using a different number of
heat storage units, for example two or more than three heat
storage units. The same result cannot be obtained with only
one heat storage unit, because in this case it will not be
possible to isolate the portion of the heat accumulator 130
having a constant temperature profile from the portion of the
heat accumulator 130 containing the temperature front.
According to a possible alternative embodiment, only the se-
cond valve 137b is closed for isolating only the last heat
storage unit 135c¢c, i.e. the heat storage unit which includes
the temperature front after the charging has been completed.
With reference to the embodiment of the attached figures,
this leaves the first and intermediate heat storage units
135a, 135b, which have a constant temperature profile, in
communication with one another, but isolated from the last
heat storage unit 13b5c.

According to possible alternative embodiments, intermediate
charging states may be possible, e.g. when wind conditions do
not allow for full charging of the storage. In that case, it
is not the last heat storage unit 135c, which contains the
temperature gradient but, for example, the intermediate heat
storage unit 135b.

According to the present invention, a method for operating
the thermal energy storage plant 10, during discharging of
the heat accumulator 130, comprises the steps of:

- opening the valves 137a, 137b,

- generating a flow of the second working fluid in the dis-

charging circuit 200, from the cold end 132 to the hot end
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131, for transferring heat from the storing elements 160 of
the heat storage units 135a, 135b, 135c to the second working
fluid,

- stopping the second fluid transporting machine 210 and the
flow of the second working fluid after an inlet 138a of the
first heat storage unit 135a has reached a temperature lower
than the first temperature Tl (figure 5).

In the heat exchanger 227, the heat received from the storing
elements 160 is then transferred from the second working flu-

id to the thermal cycle 220.
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CLAIMS
1. A thermal energy storage plant (10) comprising a charg-

ing circuit (100) where a first working fluid is circulated,
the charging circuit (100) including:

- a first fluid transporting machine (110) for generating a
flow of the first working fluid in the charging circuit
(100),

- a heating device (120) for transferring heat to the first
working fluid,

- a heat accumulator (130) for storing the thermal energy of
the first working fluid, the heat accumulator (130) including
a hot end (131) for receiving the first working fluid at a
first temperature (T1l) and a cold end (132) for letting the
first working fluid exit the heat accumulator (130) at a se-
cond temperature (T2) lower than the first temperature (T1),
wherein the heat accumulator (130) comprises a plurality of
heat storage units (135a, 135b, 135c) connected in series be-
tween the hot end (131) and the cold end (132).

2. The thermal energy storage plant (10) according to claim
1, wherein the heat accumulator (130) further includes at
least one valve (137a, 137b) interposed between two heat
storage units (135a, 135b, 135c) of said plurality of heat
storage units (135a, 135b, 135c).

3. The thermal energy storage plant (10) according to claim
1 or 2, further comprising a discharging circuit (200), the
discharging circuit (200) including:

- the heat accumulator (130),

- a second fluid transporting machine (210) for generating a
flow of the second working fluid in the discharging circuit
(200), the flow being oriented from the cold end (132) to the
hot end (131) of the heat accumulator (130),

- a heat exchanger (227) included in a thermal cycle (220)
for transferring the thermal energy from the second working
fluid to the working fluid of the thermal cycle 220.



10

15

20

25

30

35

WO 2016/150461 17 PCT/EP2015/055918

4. The thermal energy storage plant (10) according to claim
1 or 2, wherein at least one of the heat storage units (13ba,
135b, 135c) comprises a housing (150a, 150b, 150c¢) for a plu-
rality of heat storing elements (160) having high thermal ca-
pacity.

5. The thermal energy storage plant (10) according to claim
4, wherein the thermal cycle (220) is a water-steam cycle in-
cluding a thermal machine (225) and the heat exchanger (227)
is a steam generator for transferring thermal energy from the
second working fluid to a mass of water in order to generate
steam to be fed to the thermal machine (225).

6. The thermal energy storage plant (10) according to claim
4 or 5, wherein the first and the second working fluid are

the same fluid.

7. The thermal energy storage plant (10) according to claim
1, wherein the heating device (120) is powered from a renewa-

ble energy source.

3. The thermal energy storage plant (10) according to any
of the preceding claims, wherein the heat accumulator (130)
is oriented in such a way that first working fluid is circu-
lated from the hot end (131) to the cold end (132) along a

horizontal direction.

9. A method for operating the thermal energy storage plant
(10) according to any of the preceding claim, the method com-
prising the steps of:

- heating the first working fluid in the heating device 120,
- generating a flow of the first working fluid in the charg-
ing circuit (100) with the first fluid transporting machine
110, for charging the heat storage units (135a, 135b, 135c)
in series from the hot end (131) to the cold end (132),

- stopping the heating and the flow of the first working flu-
id after at least one heat storage unit (135c) has been

charged.
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10. The method according to claim 9, further comprising the
step of isolating the charged heat storage unit (135c) from
the other heat storage units (135a, 135b) by means of at
least one wvalve (137a, 137b).

11. The method according to claim 10, wherein all heat stor-
age units (135a, 135b, 135c) are isolated from each other, by
means of at least one valve (137a, 137b)provided between the
heat storage units (135a, 135b, 135c).

12. A method for operating the thermal energy storage plant
(10) according to any of the preceding claims 10 or 11, the
method comprising the steps of:

- opening the valves (137a, 137b)

- generating a flow of the second working fluid in the dis-
charging circuit (200), from the cold end (132) to the hot
end (131), for transferring heat from the heat storage units
(135a, 135b, 135c) to the second working fluid,

- stopping the heating and the flow of the second working
fluid after an inlet (138a) of a heat storage unit (135a)
which is closest to the hot end (131) has reached a tempera-

ture lower than the first temperature (T1l).
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