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Description

Electrolysis unit and method for operating the same

The invention relates to an electrolysis unit having at least
one electrolysis cell and a method for operating the electro-

lysis cell.

An electrolyzer 1is an apparatus by means of which electric
current brings about a transformation of material (electro-
lysis). Corresponding to the variety of different electrolyses,
there 1is also a large number of electrolyzers, for example an

electrolyzer for hydrogen electrolysis.

Present-day considerations are directed to producing materials
of value using surplus energy from renewable energy sources in
times when there is a great amount of sun and a great amount of
wind, i.e. when there is above-average generation of solar
power or wind power. A material of value can be, in particular,
hydrogen which is produced by means of hydrogen electrolyzers.

EE gas, for example, can be produced by means of the hydrogen.

A (hydrogen electrolysis) electrolyzer firstly produces hydro-
gen by means of electric energy, in particular from wind energy
or solar energy. The hydrogen is then used together with carbon
dioxide in a Sabatier process to produce methane. The methane
can then, for example, be fed into an existing natural gas
network and thus allow storage and transport of energy to the
consumer and can thus relieve the load on an electricity grid.
As an alternative, the hydrogen produced by the electrolyzer
can also be used further directly, for example, for a fuel
cell.

In an electrolyzer for hydrogen electrolysis, water 1s broken
down into hydrogen and oxygen. In the case of a PEM electroly-

zer, distilled water is typically fed in as starting material
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on the anode side and dissociated into hydrogen and oxygen at a
proton-permeable membrane ("proton exchange membrane"; PEM).
The water 1is at the same time oxidized to oxygen at the anode.
The protons pass through the proton-permeable membrane. On the

cathode side, hydrogen is produced.

The water should be conveyed at a constant rate into the anode
space and/or cathode space in order to ensure uniform distri-
bution of the water in these spaces and thus also effective
electrolytic dissociation of the water. Transport is typically
effected by means of pumps. As an alternative or in addition,
the distribution of the water in the spaces can also occur by
means of natural convection. In the principle of natural con-
vection, the electrolyzer and the gas separators are arranged
at different heights. The gas separators are located above the
electrolyzer. The liquid water is introduced into the electro-
lyzer at the bottom and subsequently dissociated into the
product gases in the electrolyzer. The ascending product gas
rises as a result of the density differences into the gas
separators where unreacted water is separated from the product
gas. The water now flows back into the electrolyzer because of
its higher density. This natural convection can be assisted if

required by pumps.

An electrolysis unit typically comprises at least four electro-
lysis modules. An electrolysis module typically comprises 50
electrolysis «cells. At present, one gas separator for the
product gas hydrogen and one gas separator for the product gas
oxygen are required for two electrolysis modules. Thus, the
construction of the electrolysis unit with natural convection
quickly becomes disadvantageously elaborate and complex in
terms of construction. Furthermore, operation 1s disadvanta-
geously associated with increased complexity of safety monitor-

ing and maintenance.
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DE 102 58 525 Al discloses a pressure electrolyzer for
electrochemical conversion of water to hydrogen and oxygen. A
number of electrolysis cells are arranged 1in the form of a
stack in a pressure vessel. An oxygen separator and a hydrogen
separator are arranged symmetrically outside the pressure
vessel, as a result of which identical conduit pathways are

created for the corresponding feed conduits.

It is therefore an object of the 1invention to provide an
electrolysis unit and a method for operating an electrolysis
unit, in particular with natural convection, which offer

simplified and nevertheless safe operation of the electrolysis.

The object is achieved by an electrolysis unit according to
Claim 1 and a method for operating the electrolysis unit

according to Claim 13.

The electrolysis unit of the invention for the electrochemical
dissociation of water into hydrogen and oxygen comprises at
least two electrolysis modules. It further comprises exactly
one first gas separation device for a first product gas compri-
sing oxygen. It also comprises exactly one second gas separat-
ion device for a second product gas comprising hydrogen. The
first gas separation device 1s connected to each of the at
least two electrolysis modules by means of a first conduit in
each case and the second gas separation device 1s connected to
each of the electrolysis modules by means of a second conduit
in each case. Here, the at least two first conduits have the
same first length and the at least two second conduits have the
same second length. Furthermore, the first gas separation
device and the second gas separation device are arranged inside
one another. Here, the first or the second gas separation
device 1is configured as an outer shell and a bottom and the
other second or first gas separation device is configured as a

tube which projects into the shell.
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The method of the invention for operating an electrolysis unit
comprises the following steps. Firstly, an electrolysis unit
having at least two electrolysis modules 1is provided, with
water being dissociated into hydrogen and oxygen 1in the
electrolysis module. Furthermore, a first gas separation device
for a first product gas comprising oxygen is provided. A second
gas separation device for a second product gas comprising
hydrogen 1is also provided. Here, the first gas separation
device 1s connected to each of the at least two electrolysis
modules by means of a first conduit in each case. The second
gas separation device is connected to each of the at least two
electrolysis modules by means of a second conduilt in each case.
Here, the at least two first conduits have the same first
length and the at 1least two second conduits have the same
second length. Furthermore, the first gas separation device and
the second gas separation device are arranged inside one
another, wherein the first or the second gas separation device
is configured as an outer shell and a bottom and the other
second or first gas separation device projecting as tube into
the shell.

As a result of the first length of the first conduits between
the first gas separation device and the electrolysis modules
being the same and the second length of the second conduits
between the second gas separation device and electrolysis
modules also being the same the structure of the electrolysis
unit is simplified. The identical nature of the parts likewise

allows simple repairs or simple replacement of the conduits.

Furthermore, when three or more electrolysis modules are used,
only one gas separation device 1is required per product gas,
thus a total of two gas separation devices, which constitutes
an advantage. This considerably simplifies the structure of the

electrolysis unit.
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Furthermore, the fill levels in the gas separation devices are
constant during the entire period of operation since there are
only these two gas separation devices and these are constantly
connected to the electrolysis modules by the conduits having
the same length. The maintenance of the constant fill levels
increases the safety of the electrolysis since empty running of
the gas separators and an associated mixing of the product

gases hydrogen and oxygen is prevented.

The first gas separation device and the second gas separation
device are arranged inside one another. Here, the first or
second gas separation device 1s configured as an outer shell
and a Dbottom and the other second or first gas separation
device is configured as a tube which projects into the shell.
In other words, this means that one of the two gas separation
devices 1s configured as a vessel having the outer shell and
the bottom. The other of the two gas separation devices 1is
configured as a tube which projects into this wvessel. In other
words, this means that the interior tube forms one of the gas
separation devices and the outer vessel forms an intermediate
space with the interior tube, which intermediate space forms
the other of the gas separation devices. There is thus an outer
gas separation device whose circumference is greater than the
circumference of the other gas separation device, with the gas
separation devices being arranged inside one another. It is
possible for either hydrogen or oxygen to be separated off in

the inner gas separation device.

For safe operation of this embodiment, the level of the water
in the gas separation devices has to project into the interior
tube. Only in this way 1is 1t ensured that the two gas spaces,
which comprise hydrogen or oxygen, are kept separate from one
another. In other words, the water serves as syphon-like lock

in order to separate the two sides from one another.
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It is thus advantageously possible to arrange the two gas
separation devices inside one another, which saves space.
Furthermore, the two gas separation devices are arranged
between the electrolysis modules in such a way that the first
length of the first conduit and the second length of the second
conduit are the same. This ensures that the fill height in the
integrated gas separation devices remains virtually constant
since the pressure drop in the conduits is approximately equal.
The materials parameters and the flows of materials formed also
remain virtually constant. Efficient and safe operation of the

plant is thus possible.

In an advantageous embodiment and further development of the
invention, an electrolysis module comprises at least two
electrolysis cells, 1in particular 50 electrolysis cells, and
each electrolysis cell has an anode space having an anode and a
cathode space having a cathode. Here, the anode space 1is
separated from the cathode space by means of a proton exchange
membrane. The anode space 1is suitable for accommodating water
and oxidizing it at the anode to give a first product compris-
ing oxygen. The cathode space is suitable for accommodating
water and reducing at the cathode to give a second product
comprising hydrogen. The dissociation of the water advanta-
geously occurs directly from deionized water by means of a

proton exchange membrane.

In a further advantageous embodiment and further development of
the invention, the cathode space is connected to the second gas
separation device and the anode space is connected to the first
gas separation device. The spaces in which the product gases
are formed are thus advantageously connected directly to the
gas separation devices. This advantageously simplifies the

structure since no additional conduits are necessary.

In a further advantageous embodiment and further development of

the invention, the tube which surrounds the interior gas
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separation device has a closing face in the direction of the
bottom, wherein the closing face is configured as a grid, as a
perforated plate or as a mesh. This embodiment of the closing
face advantageously makes 1t possible to influence the flow
between the first gas separation device and the second gas
separation device. Furthermore, the use of the closing face

advantageously stabilizes a cross section of the tube.

In a further advantageous embodiment and further development of
the invention, a cross section of the shell and/or a cross
section of the tube is round or a polygon. The number of
corners particularly advantageously corresponds to the number
of electrolysis modules. An odd number of electrolysis modules
can also be particularly advantageously connected to the gas
separation devices. In other words, the number of electrolysis
modules which are connected to a gas separation device can be

chosen freely.

In a further advantageous embodiment and further development of
the invention, the first gas separation device is connected to
a first pressure maintenance device and the second gas separat-
ion device 1s <connected to a second pressure maintenance

device.

The pressure maintenance facility can advantageously Dbe
arranged on the hydrogen and/or oxygen side of the position to
be secured and does not have to be accommodated in an adjoining
conduit. The pressure maintenance device ensures, 1in particu-
lar, that the oxygen formed and the hydrogen formed can be
taken off at a constant rate from the gas separators, so that
the level of the water which separates the two gas spaces from
one another 1s reliably maintained. The pressure maintenance
devices thus advantageously ensure direct checking of the
safety of the plant, as a result of which measures can already
be undertaken at an early point 1in time when the pressure

changes so as to be able to operate the plant safety.
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In particular, the gas space in the gas separation devices can
be arranged with 1its lower boundary above the inlet of the
conduits from the gas separation devices into the electrolysis
module, in particular the water inlet, in order to ensure that
only water is fed into the modules and no oxygen or hydrogen
flows back through conduits into the electrolysis modules. In
other words, this means that the gas spaces comprising hydrogen
or oxygen should be reliably separated from one another in

order to avoid mixing of the two gases.

In a further advantageous embodiment and further development of
the invention, at least one pump is arranged between the first
gas separation device and/or the second gas separation device
and the electrolysis modules. This pump can serve to assist or
increase natural convection. In particular, 1t 1s advanta-
geously used when the pressure in the electrolysis modules 1is

in the range from 1 bar to 5 bar.

It is conceivable for only exactly one pump to be arranged
between the gas separation devices and the electrolysis modules
when the gas separation devices are connected to one another by
means of a ring conduit and exactly one pump is arranged 1in the

ring conduit.

As an alternative, it is conceivable for a pump to be used both
for the oxygen side and for the hydrogen side of each module,
i.e. two pumps are present per module. These pumps assist
natural convection. It is likewise conceivable for only exactly
one pump to be present for the hydrogen side and the oxygen

side, i.e. one pump is present per module.

In a further advantageous embodiment and further development of
the invention, the electrolysis unit comprises at least three
electrolysis modules, with the electrolysis modules being

arranged in a circle and the first and second gas separation
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devices being arranged centrally in the middle between the

modules.

The conduits which connect the gas separation device to the
electrolysis modules thus advantageously have the same length.
This identical nature of the parts simplifies the structure of
the plant. The complexity is thus advantageously reduced, as a

result of which the costs of the plant become lower.

Furthermore, the identical nature of the conduit lengths
results in all modules having the same pressure conditions on
the respective gas side, 1i.e. the oxygen side or the hydrogen
side. The electrolysis modules thus behave in the same way,
which firstly leads to constant safety and secondly allows good
regulatability of the electrolysis modules among one another.
The same pressure conditions on the water side, too, advanta-
geously result in uniform supply with water and thus an at
least very similar temperature of the individual modules when

the modules have a like construction.

In a further advantageous embodiment and further development of
the invention, the first or second gas separation device 1is
connected to exactly one heat exchanger for cooling the water

which has been separated off.

The circulation pump for the process water and the recooling of
the process water for the individual electrolysis modules can
advantageously be separated from one another. Only a central
heat exchanger 1is then required. Furthermore, it is no longer
necessary to make the heat exchanger larger than necessary in
order to obtain a small differential pressure. The type of heat
exchanger, in other words the type of cooling, can be chosen
freely. In particular, systems using air or water as heat
transfer medium can be employed. However, 1t is also possible

to use a water/glycol mixture as heat transfer medium in the
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heat exchanger. The selection of the type of cooling is carried

out as a function of site conditions.

Owing to the thermal mass of the water in the gas separation
devices which are arranged centrally between the electrolysis
modules, temperature regulation for the process temperature can
advantageously be simplified. The number of valves in the cool-
ing circuit can be reduced, which advantageously decreases the
costs. Advantageously, only one process control unit for regu-

lating the temperature per heat exchanger is sufficient.

In a further advantageous embodiment and further development of
the invention, the electrolysis unit comprises exactly one
water treatment device which 1is connected to the first or
second gas separation device. In other words, this means that
the water treatment device can also operate centrally. In
particular, the process water can be conveyed through the heat
exchanger and the water treatment device using the same pump.
This advantageously simplifies the structure of the electro-
lysis unit, as a result of which costs are reduced and mainte-
nance requirements for the electrolysis unit decrease. When
using one pump for the water treatment device and the heat
exchanger, the temperature for the water treatment can particu-
larly advantageously be selected so as to be so low that it is
possible to use mixed bed ion exchangers which can effect
separation at these low temperatures. Typical mixed bed maximum

temperatures are about 60°C.

In a further advantageous embodiment and further development of
the invention, the electrolysis module comprises a module end
plate, which has an exterior covering surface, on each of two
opposite sides. Here, a first electrolysis module is electri-
cally connected to a second electrolysis module in such a way
that a contacting device contacts a covering surface of the
first electrolysis module and a covering surface of the second

electrolysis module.
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If at least three electrolysis modules are connected to one
another, the contacting devices can particularly preferably be
arranged alternately on opposite sides. This means that the
electrolysis modules are partly covered virtually completely by

the contacting device on both covering surfaces.

This advantageously allows full-area contacting of the modules
by means of the module end plates. This makes uniform, equal
current distribution over the electrolysis module possible. A
uniform loading of the electrode unit with the membrane advan-
tageously increases the 1life of the electrolysis module and

thus also the life of the electrolysis unit.

Further features, properties and advantages of the present
invention may be derived from the following description with
reference to the accompanying figures. The figures schemati-

cally show:

Figure 1 an electrolysis unit according to the prior art
comprising two electrolysis cells and first gas

separation devices connected to one another;

Figure 2 an electrolysis cell with proton exchange membrane;

Figure 3 a plan view of an electrolysis unit having five
electrolysis modules and a central gas separation

device;

Figure 4 a sectional view of an electrolysis unit having
electrolysis modules and a central gas separation

device;

Figure 5 a plan view of an electrolysis unit having electro-
lysis modules, a central gas separation device, a

heat exchanger and a water treatment device;
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Figure 6 an electrolysis unit having a central gas separation

device and areally contacted electrolysis modules.

Figure 1 shows an electrolysis unit 1 from the prior art having
two electrolysis modules 40, with an electrolysis module
comprising a plurality of electrolysis cells 2, in particular
fifty electrolysis cells. Each of the electrolysis modules 40
has an oxygen-side first gas separation device 20 (20'") and a
hydrogen-side second gas separation device 21 (21'). The
recirculation of the water is configured in such a way that the
back-flowing water streams mix in the heat exchanger and are
subsequently conveyed back to the oxygen side in the electro-
lysis cell. The oxygen-side gas separation devices 20 (20') are
connected to one another via a syphon-like fifth conduit 17.
Furthermore, the fifth conduit 17 comprises a feed device 18
for fresh water. This example from the prior art involves

single-side circulation operation on the oxygen side.

The connection of a plurality of electrolysis cells wvia the
syphon-like fifth conduit 17 ensures resupply of water, which
avoids dropping of the 1liquid 1level in the gas separation
devices 20, 21. In the prior art, all gas separation devices of
the same type, 1in each case those of the oxygen side and
hydrogen side, are thus connected to one another by means of a
syphon-like conduit in order to keep the levels in the gas
separation devices constant among one another and thus ensure

safety.

Figure 2 shows an electrolysis cell 2 having a proton exchange
membrane 3. The electrolysis cell 2 comprises an anode 7 and a
cathode 8. The two electrodes 7, 8 are adjoined in each case by
bipolar plates 30, 31. The bipolar plates each adjoin a porous
support structure 32. The starting material water flows through
this support structure 32 1in the electrolysis cell 2. The

porous support structure 32 in turn adjoins an electrocatalytic



DK/EP 3797182 T3

_13_

layer 33. An electrocatalytic layer 33 is arranged in the anode
space 4, and an electrocatalytic layer 33 1is arranged 1in the
cathode space 5. The electrocatalytic layer 33 of the anode
side typically comprises iridium, while the electrocatalytic
layer 33 of the cathode side typically comprises platinum. The
proton exchange membrane PEM 3 is located between these two
catalytic layers 33. This PEM comprises, 1in particular, a
sulfonated fluoropolymer, particularly preferably comprising
perfluorosulfonic acid. An advantage of the PEM electrolysis
cell 2 1s that pure water can be used as starting material.
Thus, no alkali or other liquid components are used as carrier

components for the water.

Figure 3 shows an electrolysis unit 1 having five electrolysis
modules 40. Each electrolysis module 40 typically comprises 50
electrolysis <cells as depicted in Figure 2. A central gas
separation device 1s arranged 1n the middle between the
electrolysis modules 40. The central gas separation device
comprises a first gas separation device 20 for separating off
oxygen. The central gas separation device further comprises a
second gas separation device 21 for separating off hydrogen.
The first gas separation device 20 1is arranged within the

second gas separation device 21.

The electrolysis modules 40 are each connected via a first
conduit 9 to the second gas separation device 21. The first
conduit 9 is advantageously connected to the cathode space in
which the hydrogen is formed. A mixture of water and hydrogen
is conveyed through the first conduit 9. This mixture is subse-
quently separated in the second gas separation device 21. The
electrolysis modules 40 are each additionally connected via a
third conduit 11 to the first gas separation device 20. Accord-
ingly, a mixture of water and oxygen is transported through the
third conduit 11. Advantageously, the third conduit 11 is thus
connected directly to the anode space 4 of the electrolysis
cells 2.
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Furthermore, the electrolysis modules 40 are each connected via
a second conduit 10 to the second gas separation device 21.
Water is conveyed through the second conduit 10 back into the
electrolysis modules 40. The second conduit 10 can be connected
both to the first gas separation device 20 and also to the

second gas separation device 21.

Furthermore, the electrolysis unit 1 comprises an apparatus for
performing the process engineering 100. The process engineering
100 comprises, 1in particular, a heat exchanger 50 for cooling

the water.

Advantageously, only one first and one second gas separation
device 20, 21 are required for all electrolysis modules 40 in
order to separate off all product gases 1in this structure.
Furthermore, it 1is advantageously very easy to increase the
number of electrolysis modules 40. In particular, it 1is also
possible to connect an odd number of electrolysis modules 40 to
the central gas separation device and subsequently operate
them.

A further advantage of this arrangement can be seen from
Figure 4. Figure 4 shows a section A-A' through the electro-
lysis unit 1. This is the same electrolysis unit 1 as depicted
in Figure 3. Accordingly, the central gas separator with the
first gas separation device 20 and the second gas separation
device 21 is likewise located in the middle of the electrolysis
modules 40. In this view, two of the five electrolysis modules
40 can be seen. The central gas separation device and the
electrolysis modules 40 are once again connected to one other
in each case via a first conduit 9, a second conduit 10 and a
third conduit 11. The conduits are in this example arranged at
the same height for each electrolysis module 40. Thus, all

conduits advantageously have the same length. This identical
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nature of the parts allows the plant to be constructed more

cheaply.

The level 70 of the water in the central gas separation device
can also be seen. Furthermore, it can be seen that the first
gas separation device 20 has a closing face 41. This closing
face 41 is configured as grid in this example. However, 1t is
likewise possible to use meshes or open hole structures or a
complete opening over the cross section of the first gas

separation device 20.

The first gas separation device 20 and the second gas
separation device 21 communicate with one other via the openly
configured closing face 41 of the first gas separation device
20. In other words, this means that the level 70 of the water
in the two gas separation devices 20, 21 is virtually

identical.

Furthermore, it can be seen in Figure 4 that the level 70 of
the water is arranged above the upper edge of the electrolysis
modules 40. This 1s particularly important for safe operation
of the electrolysis unit 1. This 1level 70 ensures that no
product gases can be returned via the second conduit 10 into
the electrolysis modules 40. Furthermore, the water forms, as a
result of the level 70, a lock between the hydrogen-containing,
in this example annular, gas space of the second gas separation
device 21 and the oxygen-containing, in this example round, gas
space. The water thus prevents, as a result of a syphon-like
communication between the two gas separation devices, the
hydrogen and the oxygen from being mixed with one another or a

hydrogen-oxygen reaction being able to take place.

The gas space for the hydrogen particularly advantageously has
a volume twice as great as that of the gas space for the

oxygen.
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Furthermore, a first safety wvalve 46 and a second safety wvalve
47 are arranged directly at the outlets for oxygen and hydro-
gen. It is thus advantageously possible to arrange the pressure
maintenance directly at the positions to be secured on the

oxygen side and hydrogen side.

In the case of this structure of the central gas separation
devices, level equalization for all electrolysis modules 40 1is
advantageously achieved. No complex arrangements of conduits
for each electrolysis module 40 are necessary. This advanta-

geously simplifies the structure of the electrolysis unit 1.

Gas sampling can also be carried out centrally in one of the
two gas separation devices 20, 21 and the sample can then be
cooled and analyzed centrally. This further simplifies the
structure of the electrolysis unit 1. Gas sampling is not shown

in the figures.

Figure 5 shows an electrolysis unit having a plurality of
electrolysis modules 40. The figure shows 3 electrolysis
modules 40, but it is likewise possible for at least 4, 5 or 6
electrolysis modules to be arranged around the central gas
separation device. In this working example, the second gas
separation device 21 is arranged in the middle of the first gas
separation device 20. In other words, this means that the first
gas separation device 20 is arranged on the outside here. As in
the other working examples, the electrolysis modules 40 are
each connected via a first conduit 9, a second conduit 10 and a
third conduit 11 to the central gas separation device. Figure 5
also shows a heat exchanger 50 and a water treatment device 60.
The heat exchanger 50 is connected via a pump and a second
conduit 10 to the first gas separation device 20. Since the
first gas separation device 20 communicates with the second gas
separation device 21, the water from both gas separation
devices is thus transported through this second conduit 10 into

the heat exchanger 50. Advantageously, only one heat exchanger
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50 i1s thus required for the total electrolysis unit 1. The type
of cooling in the heat exchanger 50 can be chosen freely. It
can thus be effected by means of air or water. It is likewise
conceivable, depending on the circumstances of the site on
which the electrolysis unit is located, to operate an interme-
diate cooling circuit for a water/glycol mixture using the heat

exchanger 50.

Advantageously, only one central pump 48 is required in this
example for water exchange in the water treatment device 60.
This pump can be adapted individually to the plant conditions.
It is conceivable, but not shown in this figure, for the first
and second gas separation devices 20, 21 to be positioned on a
central support frame. This advantageously makes it possible to
arrange a cooling circuilt connection underneath the central gas
separation device. The one pump 48 of the electrolysis unit 1

is readily accessible as a result.

It is particularly advantageous that the entire thermal mass to
be cooled, in particular the water, 1s arranged centrally
between the electrolysis modules 40. As a result, temperature
regulation of the process temperature can advantageously be
simplified compared to the prior art. In particular, valves in
the cooling circuit can be saved, which advantageously leads to

cost savings.

After the heat exchanger, the water is fed into a water treat-
ment device 60. The water treatment device 1is also arranged
centrally. Thus, only one device for water treatment is neces-
sary, which constitutes an advantage. Water can advantageously
be transported into this water treatment device 60 by means of
the same pump 48 used for transport into the heat exchanger 50.
Furthermore, the central arrangement of the water treatment
device 60 is advantageous since the ion exchangers which are
present in the water treatment device 60 are readily access-

ible. It 1is also particularly advantageous that the water
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treatment device can be operated at a low temperature and the
ion exchangers can thus advantageously have a longer operating

life than in the prior art.

Depending on the process pressure of the electrolysis unit 1,
it is likewise possible to provide a second pump for conveying

the water through the water treatment device 60.

In all working examples shown in Figures 3 to 5, a grating can
be arranged between the electrolysis modules 40 and the central
gas separation device. This allows ready accessibility of the

devices for maintenance purposes.

The central positioning of the gas separation devices 20, 21 in
the middle of the electrolysis modules 40 around the gas
separation device allows advantageous contacting of the
electrolysis modules 40 with one another. This contacting is
shown in Figure 6. As has been shown in the other examples, a
first gas separation device 20 and a second gas separation
device 21 surrounding this first gas separation device 20 are
arranged in the middle of the electrolysis unit 1. This central
gas separation device 1is surrounded by three electrolysis modu-
les 40. It 1s likewise possible to conceive of a larger number
of electrolysis modules 40 which surround the central gas

separation device.

The electrolysis modules 40 each have a module end plate 44 at
their two end faces. These module end plates 44 are electri-
cally connected from electrolysis module 40 to electrolysis
module 40 via contact plates 45. The contact plates 45 can
advantageously be arranged over the entire area of the module
end plate 44 or at least large parts of the module end plate
44, This advantageously increases the uniformity of the distri-
bution of current between the electrolysis modules 40. A uni-
form distribution of current over the electrolysis modules 40

increases the life of the individual electrolysis cells 2 with
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the proton exchange membrane 3, which constitutes an advantage.
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Patentkrav

1. Elektrolyseenhed (1) til den elektrokemiske spaltning af vand (Hz20) til hydrogen
(Hz2) og oxygen (O2)

- omfattende mindst to elektrolysemoduler (40);

- omfattende ngjagtig en ferste gasseparationsindretning (20) for en ferste

produktgas omfattende oxygen,

- omfattende ngjagtig en anden gasseparationsindretning (21) for en anden

produktgas omfattende hydrogen,
hvor den ferste gasseparationsindretning (20) er forbundet til hvert af de mindst to
elektrolysemoduler (40) ved hjeelp af en farste ledning (9) i hvert tilfeelde og den
anden gasseparationsindretning (21) er forbundet til hvert af elektrolysemodulerne
(40) ved hjeelp af en anden ledning (10) i hvert tilfeelde og de mindst to ferste
ledninger (9) har den samme farste leengde og de mindst to anden ledninger (10) har
den samme anden leengde, hvor den farste gasseparationsindretning (20) og den
anden gasseparationsindretning (21) er indrettet inden i hinanden, hvor den farste
eller anden gasseparationsindretning (20, 21) er konfigureret som en ydre skal og en
bund og den anden faerste eller anden gasseparationsindretning (21, 20) rager frem

som rer ind i skallen.

2. Elektrolyseenhed (1) ifalge krav 1, hvor et elektrolysemodul (40) af de mindst to
elektrolysemoduler (40) omfatter mindst to elektrolyseceller (2) og hver
elektrolysecelle (2) omfatter et anoderum (4) med en anode (7) og et katoderum (5)
med en katode (8) og anoderummet (4) er adskilt fra katoderummet (5) ved hjeelp af
en protonbyttermembran (3) og anoderummet (4) er egnet til at optage vand (H20)
og oxidere det ved anoden (7) for at give et ferste produkt omfattende oxygen (O2)
og katoderummet (5) er egnet til at optage vand (H20) og reducere det ved katoden

(8) for at give et andet produkt omfattende hydrogen (H2).

3. Elektrolyseenhed (1) ifglge krav 2, hvor katoderummet (5) er forbundet til den
anden gasseparationsindretning (21) og anoderummet (4) er forbundet til den farste

gasseparationsindretning (20).
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4. Elektrolyseenhed (1) ifalge et hvilket som helst af de foregaende krav, hvor reret
har en lukkeflade (41) i retningen af bunden og lukkefladen (41) er konfigureret som

et gitter, som en perforeret plade eller som et net.

5. Elektrolyseenhed (1) ifalge et hvilket som helst af de foregaende krav, hvor et

tveersnit af skallen og/eller af r@ret er rundt eller er en polygon.

6. Elektrolyseenhed (1) ifalge et hvilket som helst af de foregaende krav, hvor den
farste gasseparationsindretning (20) er forbundet til en farste
trykvedligeholdelsesindretning (46) og den anden gasseparationsindretning (21) er

forbundet til en anden trykvedligeholdelsesindretning (47).

7. Elektrolyseenhed (1) ifalge et hvilket som helst af de foregaende krav, hvor mindst
en pumpe (48) er indrettet mellem den farste og/eller anden

gasseparationsindretning (20, 21) og elektrolysemodulerne (40).

8. Elektrolyseenhed (1) ifalge et hvilket som helst af de foregaende krav, som har
mindst tre elektrolysemoduler (40), hvor elektrolysemodulerne (40) er indrettet i en
cirkel og den ferste og anden gasseparationsindretning (20, 21) er indrettet centralt i

midten mellem modulerne.

9. Elektrolyseenhed (1) ifalge et hvilket som helst af de foregaende krav, hvor den
farste og/eller anden gasseparationsindretning (20, 21) er forbundet til ngjagtig en

varmeveksler (50) til at kale vandet (H20) som er blevet separeret af.

10. Elektrolyseenhed (1) ifalge et hvilket som helst af de foregaende krav, hvor den
farste eller anden gasseparationsindretning (20, 21) er forbundet til ngjagtig en

vandbehandlingsindretning (60).

11. Elektrolyseenhed (1) ifalge krav 10, hvor vandbehandlingsindretningen (60)

omfatter en pumpe, en kaleindretning og en ionbytterindretning.
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12. Elektrolyseenhed (1) ifalge et hvilket som helst af de foregéende krav, hvor
elektrolysemodulet (40) omfatter en modulendeplade (44), som har en udvendig
deekningsflade, pa hver af to modstaende sider og et faerste elektrolysemodul (40) er
elektrisk forbundet til et andet elektrolysemodul (40) pa sadan en made at en
kontaktbringelsesindretning (45) berarer en deekningsflade af det ferste
elektrolysemodul og en daekningsflade af det andet elektrolysemodul i et stort

omfang.

13. Fremgangsmade til at drive en elektrolyseenhed (1) omfattende de falgende trin:
- tilvejebringelse af en elektrolyseenhed (1) omfattende mindst to
elektrolysemoduler (40), hvor vand (H20) spaltes til hydrogen (Hz) og oxygen
(O2) i elektrolysemodulet (40),

- tilvejebringelse af en farste gasseparationsindretning (20) for en ferste
produktgas omfattende oxygen,

- tilvejebringelse af en anden gasseparationsindretning (21) for en anden
produktgas omfattende hydrogen,

hvor den ferste gasseparationsindretning (20) forbindes til hvert af de mindst to

elektrolysemoduler (40) ved hjeelp af en farste ledning (9) i hvert tilfeelde og den

anden gasseparationsindretning (21) forbindes til hvert af elektrolysemodulerne (40)

ved hjeelp af en anden ledning (10) i hvert tilfeelde og de mindst to ferste ledninger

(9) har den samme farste leengde og de mindst to anden ledninger (10) har den

samme anden leengde, hvor den farste gasseparationsindretning (20) og den anden

gasseparationsindretning (21) indrettes inden i hinanden, hvor den ferste eller den
anden gasseparationsindretning (20, 21) konfigureres som en ydre skal og en bund
og den anden fgrste eller anden gasseparationsindretning (21, 20) rager frem som

rer ind i skallen.

14. Fremgangsmade ifelge krav 13, hvor elektrolyseenheden drives ved et tryk i

omradet fra 1 bar til 5 bar.
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