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(54) PLANT FOR GENERATING ENERGY

(57) A method of operating a plant (1), wherein hy-
drogen and oxygen react with one another in a combus-
tion chamber (3) to give steam and the steam is fed to a
turbomachine (6) in which the thermal energy from the
steam is converted to mechanical energy, wherein the
steam flowing out of the turbomachine (6) is fed to a
compressor (31) with multiple compressor stages,
wherein the pressure of the steam is increased in the

compressor stages in the compressor, wherein water is
fed into one compressor stage, wherein the steam com-
ing from the compressor (31) is fed to a recuperator (10)
arranged in such a way that the thermal energy of the
steam coming from the turbomachine (6) is transferred to
the steam coming from the compressor (31), wherein the
steam heated downstream of the recuperator (10) is fed
to the combustion chamber (3) and the turbomachine (6).
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Description

[0001] The invention relates to a plant for generating
energy, comprising a combustion chamber in which hy-
drogen and oxygen react with one another to give steam,
further comprising a turbomachine having an inflow re-
gion fluidically connected to the combustion chamber,
and also having a flow region designed such that the
thermal energy from the steam is converted to mechan-
ical energy, and an outflow region fluidically connected to
the flow region.

[0002] The invention further relates to a method of
operating a plant, wherein hydrogen and oxygen react
with one another in a combustion chamber to give steam
and the steam is fed to a turbomachine in which the
thermal energy from the steam is converted to mechan-
ical energy.

[0003] Theinvention pursues the aim of offering a plant
that converts hydrogen to electrical energy. For this
purpose, a turbomachine is used, which is energized
with the steam formed by the reaction of hydrogen with
oxygen in a combustion chamber, and converts the ther-
mal energy from the steam to mechanical energy.
[0004] Itis an object of the invention to provide a plant
and a method with which electrical energy can be gen-
erated efficiently from hydrogen.

[0005] This objectis achieved by a plant for generating
energy, comprising a combustion chamber in which hy-
drogen and oxygen react with one another to give steam,
further comprising a turbomachine having an inflow re-
gion fluidically connected to the combustion chamber,
and also having a flow region designed such that the
thermal energy from the steam is converted to mechan-
ical energy, and an outflow region fluidically connected to
the flow region, further comprising a compressor de-
signed to compress the steam coming from the turbo-
machine, wherein the compressor has a compression
inlet region fluidically connected to the outflow region,
wherein the compressor has multiple compressor stages
designed to compress the steam, wherein the compres-
sor stage is provided with an injection device designed to
inject water from a water conduit into or between the
compressor stages, wherein the compressor has a com-
pressor outflow region from which the steam compressed
in the compressor stages flows, further comprising a
recuperator designed such that the thermal energy in
the steam flowing out of the turbomachine is transferred
to the steam flowing out of the compressor, wherein the
recuperator has an inlet region fluidically connected to
the compressor outflow region, wherein the recuperator
has an outlet region fluidically connected to the combus-
tion chamber.

[0006] In addition, the object is also achieved by a
method of operating a plant, wherein hydrogen and oxy-
gen react with one another in a combustion chamber to
give steam and the steam is fed to a turbomachine in
which the thermal energy from the steam is converted to
mechanical energy, wherein the steam flowing out of the
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turbomachine is fed to a compressor with multiple com-
pressor stages, wherein the pressure of the steam is
increased in the compressor stages in the compressor,
wherein water is fed into one compressor stage or fed
between two compressor stages, wherein the steam
coming from the compressor is fed to a recuperator ar-
ranged in such away that the thermal energy of the steam
coming from the turbomachine is transferred to the steam
coming from the compressor, wherein the steam heated
downstream of the recuperator is fed to the combustion
chamber and the turbomachine.

[0007] The invention makes it possible to provide a
plant that requires only one cycle with a working medium.
[0008] The invention proceeds from the idea that the
steam as working medium is formed on ignition, which is
understood to mean the chemical reaction of the hydro-
gen with the oxygen. As a result, no great amounts of
water are required, which have to be heated and evapo-
rated.

[0009] Advantageous developments are specified in
the dependent claims.

[0010] The above-described properties, features and
advantages of this invention and the manner in which
they are achieved will become more clearly and distinctly
apparent in conjunction with the description of the work-
ing examples that follows, and these are elucidated in
detail in conjunction with the drawings.

[0011] Inthatcontext, identical components or compo-
nents having identical functions are labeled with identical
reference signs.

[0012] Working examples of the invention will be de-
scribed hereinafter with reference to the drawings. These
are not intended to illustrate the working examples to
scale; instead, the drawing, where conducive to clarifica-
tion, is constructed in a schematized and/or slightly dis-
torted form. With regard to additions to the teachings
which are directly apparent in the drawing, reference is
made to the relevant prior art.

[0013] The figure shows:

Figure 1  a schematic diagram of one embodiment of
a plant of the invention

[0014] Figure 1 shows a schematic diagram of one

embodiment of an inventive plant 1.

[0015] The plant 1 is designed for the generation of
electrical energy and will now be elucidated in detail
hereinafter.

[0016] Hydrogen is fed to a combustion chamber 3 via
a hydrogen conduit 2. The hydrogen may have been
produced here by electrolyzer with the aid of renewable
energies. Hydrogen produced in such a way is also
referred to as green hydrogen.

[0017] Oxygen is fed to the combustion chamber 3 via
an oxygen conduit 4. The combustion chamber 3 is
designed such that the hydrogen reacts chemically with
the oxygen in a stoichiometric manner. This chemical
reaction is sufficiently well known and will therefore not be
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described in detail at this point. The combustion of hydro-
gen gives rise to steam. In other words: when hydrogen is
combusted with pure oxygen in the stoichiometric state,
the offgas is pure steam.

[0018] Itis afeature of the plant 1 shown in figure 1 that
only one working medium, steam here, is required for the
cycle for generation of electrical energy. There is no need
for two cycles with two different working media.

[0019] In the combustion chamber 3, water vapor or
steamisformed, andis fed via afresh steam conduit5toa
turbomachine 6. What should be noted here is that the
steam generated by the stoichiometric combustion is
very hot and has to be cooled in the combustion chamber
3 with a suitable steam that comes from a cooling conduit
7, which is yet to be addressed in detail.

[0020] The turbomachine 6 is designed to convert the
thermal energy of the steam to rotational energy. For this
purpose, the turbomachine 6 has a rotatably mounted
turbomachine rotor (not shown) and a housing disposed
around the turbomachine rotor (not shown). The turbo-
machine 6 is similar to a known gas turbine. One differ-
ence here from a known gas turbine is that the working
medium is steam rather than nitrogen-rich offgas.
[0021] However, the temperatures of the steam flowing
into the turbomachine 6 are so high that components of
the turbomachine 6, for example blades or housing com-
ponents, have to be cooled with a cooling steam. The
cooling steam is taken here from the cooling conduit 7,
which will be described in detail hereinafter. The cooling
steam flowing through the cooling inlet conduit 8 flows
into the turbomachine 6 in order to cool individual com-
ponents therein.

[0022] After the steam flows through a flow region of
the turbomachine 6, the thermal energy of the steam is
converted to a rotational energy of the turbomachine
rotor of the turbomachine 6. The steam that has been
expanded and cooled downstream of the flow region 6
flows out of the turbomachine 6 via an outflow region 9.
[0023] This steam enters a recuperator 10 which is
designed such that the thermal energy or the heat from
the steam from the turbomachine 6 is transferred to a
steam that flows into the combustion chamber 3. Thus, an
outlet 11 of the recuperator 10 is fluidically connected to
the cooling conduit 7. The temperature of the steam
flowing out of the turbomachine 6 is about 600 to 650°C.
[0024] After the steam from the turbomachine 6 has
flowed through the recuperator 10, the steam is divided
between a steam turbine feed conduit 12 and a preheat-
ing steam conduit 13. The steam flowing within the steam
turbine feed conduit 12 is fluidically connected to a steam
inflow region 14 of a steam turbine 15. The steam turbine
15 has a rotatably mounted steam turbine rotor (not
shown) and a housing arranged around the steam turbine
rotor. The thermal energy from the steam is converted in
the steam turbine 15 to mechanical energy of the steam
turbine rotor and ultimately converted to electrical energy
by means of a generator 16. For this purpose, a shaft 17
ofthe steamturbine 15is coupled in a torque-transmitting
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manner to a shaft 18 of the generator 16. In addition, a
common shaft 19 of the turbomachine 6 is connected in a
torque-transmitting manner via a coupling unit 20 which
may also comprise a transmission.

[0025] The steam turbine 15 is designed as a low-
pressure steam turbine. In addition, the steam turbine
15 has a steam turbine outflow region 21, out of which the
expanded and cooled stream flows, and this steam flows
into a steam condenser 22, where the steam condenses
to give water. For this purpose, the steam condenser 22
has a cooling water conduit 23.

[0026] The water formed in the steam condenser 22 is
passed by means of a pump 24 to afirst preheater 25. The
water is heated up in the first preheater 25. For this
purpose, the first preheater is connected to a first bleed
conduit 26 from the steam turbine 15. This first preheater
25 is designed such that the thermal energy from the
steam is exploited for heating of the water. The bled-off
steam from the first bleed conduit 26 condenses here to
give water and arrives at a second preheater 27 that
works in a similar way to the first preheater 25. The
second preheater 27 is connected to a second bleed
conduit 28, where the thermal energy from the steam
is exploited for heating of the water. The bled-off steam
from the second bleed conduit 28 condenses here to give
water.

[0027] The heated water from the second preheater
flows to a first heat exchanger 29, where the steam
coming from the recuperator 10 is cooled. The steam
flowing downstream of the first heat exchanger 29
branches into a compressor conduit 30, where the steam
is fed to a compressor 31, and into a feed water conduit
32, whence the steam goes into a feed water vessel 33.
The mixed preheater or feed water vessel 33 is at a
pressure level corresponding to the output pressure of
the turbomachine 6. If required, this may be a degassing
tank in which air that has escaped into the water is driven
out. The air can also be removed in the steam condenser
10.

[0028] The water coming from the feed water vessel 33
arrives at a second heat exchanger 34. In the second
heat exchanger 34, the water coming from the feed water
vessel 33 is heated by the hot steam from the turboma-
chine 6 and fed to the compressor 31.

[0029] The compressor 31 has a rotatably mounted
compressor rotor (not shown) and a housing arranged
around the compressor rotor. The compressor 31 has
multiple compressor stages that may have compressor
blades. The compressor 31 may be designed as an axial
compressor or radial compressor. Water is injected be-
tween the stages. The compressor stage is provided with
an injection device designed to inject water from a water
conduit 40 into or between the compressor stages.
[0030] The water was pumped to a high pressure
capable of generating very fine droplets when it is in-
jected into the flow pathway of the compressor 31. The
pressurized water is heated in the second heat exchan-
ger 34. The more heat is absorbed by the water, the
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greater the flow that arises through the steam turbine and
is injected into the compressor 31 rather than taking the
pathway to the compressor inlet 35.

[0031] Steam enters at a temperature close to satura-
tion at the compressor inlet 35 along the flow pathway.
Water is injected in order to keep the temperature of the
steam close to saturation. The water nozzles 36 may be
integrated into the vanes (not shown) of the compressor
31. These vanes may be produced by additive manufac-
turing.

[0032] With the injection of water, which can also be
described as gradated water injection, the technique
approaches an isothermal compression of the steam,
which reduces the compression work required.

The effect of the multiple or gradated or multistage injec-
tion of the water is that the individual small water droplets
follow the gas flow. The injection points should be dis-
tributed so as to approximate to the saturation line along
the compression.

[0033] The compressor 31 has a shaft 38 connected in
a torque-transmitting manner to the shaft 19 of the tur-
bomachine 6. The steam flowing out of the compressor
31 goes into the recuperator 10 and thence into the outlet
11 of the recuperator 10.

[0034] Although the invention has beenillustrated and
described in detail on the basis of the preferred working
example, the invention is not restricted by the examples
disclosed, and other variants may be derived therefrom
by a person skilled in the art without departing from the
scope of protection of the invention.

Claims
1. Aplant (1) for generating energy,

comprising a combustion chamber (3) in which
hydrogen and oxygen react with one another to
give steam,

further comprising a turbomachine (6) having an
inflow region fluidically connected to the com-
bustion chamber (3), and also having a flow
region designed such that the thermal energy
from the steam is converted to mechanical en-
ergy, and an outflow region (9) fluidically con-
nected to the flow region,

further comprising a compressor (31) designed
to compress the steam coming from the turbo-
machine (6), wherein the compressor (31) has a
compression inlet (35) fluidically connected to
the outflow region (9), wherein the compressor
(31) has multiple compressor stages designed
to compress the steam, wherein the compressor
stages are each provided with an injection de-
vice designed to inject water from a water con-
duit (40) into the compressor, wherein the com-
pressor (31) has a compressor outflow region
from which the steam compressed in the com-
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pressor stages flows, further comprising a re-
cuperator (10) designed such that the thermal
energy in the steam flowing out of the turboma-
chine (6) is transferred to the thermal energy of
the steam flowing out of the compressor (31),
wherein the recuperator (10) has an inlet region
fluidically connected to the compressor outflow
region, wherein the recuperator (10) has an out-
let (11) fluidically connected to the combustion
chamber (3).

2. The plant (1) as claimed in claim 1,
wherein the injection device is designed to inject
water between the compressor stages.

3. The plant (1) as claimed in claim 1,
wherein the injection device is designed to inject
water into the compressor stages.

4. The plant (1) as claimed in claim 3,

wherein the injection device is integrated in the com-
pressor stages.

5. The plant (1) as claimed in any of the preceding
claims, wherein the injection device is designed such
that the steam is compressed essentially isother-
mally in the compressor (31).

6. The plant as claimed in any of the preceding claims,
wherein the outlet (11) of the recuperator (10) is
fluidically connected to a cooling inlet conduit (8)
of the turbomachine (6).

7. The plant (1) as claimed in claim 6,
wherein the cooling inlet conduit (8) of the turboma-
chine (6) is designed such that the turbomachine (6)
is coolable.

8. The plant (1) as claimed in any of the preceding
claims,

wherein the turbomachine (6) has a rotatably
mounted turbomachine rotor,

wherein the compressor (31) has a rotatably
mounted compressor rotor,

wherein the turbomachine rotor and the com-
pressor rotor are connected to one another in a
torque-transmitting manner.

9. The plant (1) as claimed in any of the preceding
claims, further comprising a steam turbine (15),
wherein the steam turbine (15) has a rotatably
mounted steam turbine rotor, wherein the steam
turbine (15) has a steam inflow region (14) fluidically
connected to the outflow region (9) of the turboma-
chine (6).

10. The plant (1) as claimed in claim 9,



1.

12.

13.

14.

15.

16.

7 EP 4 506 545 A1 8

further comprising a transmission that connects the
turbomachine rotor to the steam turbine rotor in a
torque-transmitting manner.

The plant (1) as claimed in claim 9 or 10,

wherein the steam turbine (15) has a steam
turbine outflow region (21),

wherein the plant (1) further comprises a steam
condenser (22) designed to condense the
steam flowing out of the steam turbine outflow
region (21) to give water.

The plant (1) as claimed in claim 11,
wherein the steam condenser (22) has a water outlet
region fluidically connected to the water conduit (40).

The plant (1) as claimed in any of claims 9 to 12,
further comprising a first preheater (25) which is
fluidically connected to the steam turbine (15) and
is designed such that the thermal energy of the
steam from the steam turbine (15) increases the
thermal energy of the water.

The plant (1) as claimed in any of claims 9 to 13,
further comprising a first heat exchanger (29) which
is connected to the outflow region (9) of the turbo-
machine (6) and is designed such that the thermal
energy of the water coming from the first preheater
(25) is increased further.

A method of operating a plant (1),

wherein hydrogen and oxygen react with one
another in a combustion chamber (3) to give
steam and the steam is fed to a turbomachine
(6) in which the thermal energy from the steamiis
converted to mechanical energy,

wherein the steam flowing out of the turboma-
chine (6) is fed to a compressor (31) with multiple
compressor stages, wherein the pressure of the
steam is increased in the compressor stages in
the compressor, wherein water is fed into one
compressor stage or fed between the compres-
sor stages, wherein the steam coming from the
compressor (31) is fed to a recuperator (10)
arranged in such a way that the thermal energy
of the steam coming from the turbomachine (6)
is transferred to the steam coming from the
compressor (31), wherein the steam heated
downstream of the recuperator (10) is fed to
the combustion chamber (3) and the turboma-
chine (6).

The method as claimed in claim 15,

wherein the water is fed into the compressor stages
in such away that the steamin the compressor (31)is
compressed essentially isothermally.
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17.

18.

19.

20.

The method as claimed in claim 15 or 16,
wherein the steam flowing out of the turbomachine
(6) is fed to a steam turbine (15).

The method as claimed in claim 17,
wherein the steam turbine (15) is connected to the
turbomachine (6) in a torque-transmitting manner.

The method as claimed in claim 17 or 18,

wherein the steam from the steam turbine (15) is
condensed in a condenser (22) to give water, and the
water is fed to the compressor stages.

The method as claimed in claim 19,

wherein the water flows through a first heat exchan-
ger (29) and is heated, wherein the first heat ex-
changer (29) is connected to the outflow region (9) of
the turbomachine (6) and is designed such that the
thermal energy of the water is increased.
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