
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
00

1 
46

3
A

1
*EP004001463A1*

(11) EP 4 001 463 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
25.05.2022 Bulletin 2022/21

(21) Application number: 20207789.7

(22) Date of filing: 16.11.2020

(51) International Patent Classification (IPC):
C25B 1/04 (2021.01) C25B 9/70 (2021.01)

C25B 15/023 (2021.01) C25B 15/08 (2006.01)

(52) Cooperative Patent Classification (CPC): 
C25B 1/04; C25B 9/70; C25B 15/023; 
C25B 15/083; C25B 15/087 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(71) Applicant: L’Air Liquide Société Anonyme pour 
l’Etude et 
l’Exploitation des Procédés Georges Claude
75321 Paris (FR)

(72) Inventors:  
• BEHR, Alexander

60439 Frankfurt am Main (DE)
• COMBES, Gary

60439 Frankfurt am Main (DE)
• SVITNIC, Tibor

39114 Magdeburg (DE)

(74) Representative: Schwenderling, Jens
KEENWAY Patentanwälte Neumann Heine 
Taruttis 
PartG mbB 
Postfach 103363
40024 Düsseldorf (DE)

(54) ELECTROLYSIS ARRANGEMENT AND METHOD

(57) Electrolysis arrangement (1) comprising:
- a pump unit (2),
- multiple stacks (3),
- a respective control valve (8) for each of the stacks (3),
- an anode separator (9), and
- a cathode separator (13).

Due to the control valves (8) assigned to each of the
stacks (3) an independent flow control can be achieved
for the stacks (3). This allows safe and reliable operation
of the electrolysis arrangement (1), although multiple
stacks (3) are connected to the same anode separator
(9) and to the same cathode separator (13).
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Description

[0001] The invention is directed to an electrolysis ar-
rangement and a method for performing an electrolysis.
[0002] On an industrial scale, electrolysis is usually
performed using stacks of electrolysis cells. Each of the
electrolysis cells has an anode and a cathode, between
which a voltage is applied. The medium that is the subject
of the electrolysis is supplied to the electrolysis cells via
a cathode inlet into a cathode space and via an anode
inlet into an anode space. The anode space and the cath-
ode space are separated from each other by a mem-
brane. At anode and cathode outlets of the electrolysis
stack the electrolysis products can be extracted from the
electrolysis cells. However, the electrolysis products are
mixed with the unreacted medium. Hence, separators
are used to separate the electrolysis products from the
medium.
[0003] The pressure differential across the membrane
has a significant influence on the electrolysis. In partic-
ular, this is due to the fact that a pressure difference be-
tween the cathode space and the anode space drives
the medium through the membrane. Hence, accurate
pressure control is desired. The overall pressure is usu-
ally controlled by a pump that drives the medium. The
pressure differential between the anode and cathode in-
lets of an electrolysis stack usually depends on a back
pressure generated by the anode and cathode separa-
tors, respectively. In known electrolysis arrangements,
therefore, each stack is provided with a respective anode
separator and with a respective cathode separator. Hav-
ing a respective anode separator and a respective cath-
ode separator for each electrolysis stack is considered
necessary in terms of reliability. However, such an ar-
rangement is expensive. Not only are multiple anode sep-
arators and cathode separators required. Moreover,
each of the electrolysis stacks is usually equipped with
a respective cooler and filter, together with appropriate
safety and control instrumentation. This is not only rele-
vant in terms of an initial investment, but also in terms of
maintenance costs dues to the large number of pieces
of equipment.
[0004] The object of the invention is to improve the
prior art such that electrolysis can be performed with sim-
plified equipment.
[0005] The object is solved with an electrolysis ar-
rangement and a method for performing electrolysis ac-
cording to the independent claims. Advantageous refine-
ments are presented in the dependent claims. The fea-
tures described in the claims and in the description can
be combined with each other in any technologically rea-
sonable manner.
[0006] According to the invention an electrolysis ar-
rangement is presented that comprises:

- at least one pump unit for driving a medium,
- multiple stacks of electrolysis cells, wherein each

stack comprises a stack inlet that is connected to

one of the pump units via a header for separating a
flow of the medium provided by the respective pump
unit into a respective flow for each of the stacks, and
wherein each stack comprises a respective anode
outlet and a respective cathode outlet, wherein the
stacks are configured to obtain by electrolysis of the
medium introduced into the respective stack inlet an
anode product provided together with the medium
at the respective anode outlet and a cathode product
provided together with the medium at the respective
cathode outlet,

- for each of the stacks a respective control valve ar-
ranged between the header and the respective stack
inlet, wherein the control valves are configured to
individually control a flow of the medium,

- an anode separator having an anode separator me-
dium outlet that is connected to one of the pump
units, wherein each of the anode outlets of the stacks
is connected to a respective anode separator inlet
of the anode separator, and wherein the anode sep-
arator is configured to separate the anode product
from the medium introduced into the anode separa-
tor inlets such that the anode product is provided at
an anode separator product outlet and the medium
is provided at the anode separator medium outlet
and,

- a cathode separator having a cathode separator me-
dium outlet that is connected to one of the pump
units, wherein each of the cathode outlets of the
stacks is connected to a respective cathode sepa-
rator inlet of the cathode separator, and wherein the
cathode separator is configured to separate the cath-
ode product from the medium introduced into the
cathode separator inlets such that the cathode prod-
uct is provided at a cathode separator product outlet
and the medium is provided at the cathode separator
medium outlet.

[0007] The electrolysis arrangement can be used for
electrolysis of a medium. Instead of the term "electrolysis
arrangement" also the term "electrolyser" could be used.
Preferably, the medium is water. In that case hydrogen
and oxygen can be obtained as electrolysis products.
The electrolysis arrangement is intended to be used for
an industrial scale electrolysis. For example, it is pre-
ferred that at least one of the electrolysis products is ob-
tained at a rate of 250 to 1500 Nm3 per hour per stack.
This applies, in particular, to the production of hydrogen
in the case of water electrolysis. The electrolysis is pref-
erably performed in an automated way.
[0008] The electrolysis arrangement comprises multi-
ple stacks. Preferably, the electrolysis arrangement com-
prises 2 to 16 stacks, in particular 2, 4 or 8 stacks. The
stacks can also be referred to as electrolysis stacks. Each
of the stacks comprises several electrolysis cells. Each
stack has at least one stack inlet, an anode outlet and a
cathode outlet. The medium can be provided to the stack
via the stack inlet(s). Within the stack the electrolysis of
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the medium can be performed using the electrolysis cells.
Thereby, an anode product and a cathode product are
obtained. In the case of water as the medium the anode
product is oxygen and the cathode product is hydrogen.
The anode product can be extracted from the stack via
the anode outlet. Thereby, however, the anode product
will be mixed with the medium. Analogously, a mixture
of the cathode product and the medium can be extracted
from the stack via the cathode outlet.
[0009] Each of the electrolysis cells preferably com-
prises an anode, an anode space adjacent to the anode,
a cathode and a cathode space adjacent to the cathode.
The cathode space is preferably separated from the an-
ode space by a membrane and, optionally also by the
anode and the cathode. The anode outlet is preferably
connected to the anode space. The cathode outlet is pref-
erably connected to the cathode space. The membrane
is preferably permeable for certain ions. For example, in
the case of PEM electrolysis cells the membrane is pref-
erably permeable for hydrogen ions (H+). In that case the
anode and the cathode are permeable and arranged ad-
jacent to the membrane. Also in this case it is preferred
that each stack has only one stack inlet, which is con-
nected to the cathode space. As a further example, in
the case of alkaline electrolysis cells, the membrane is
preferably permeable for hydroxide ions (OH). In that
case each of the stacks has preferably two stack inlets:
a respective anode stack inlet and a respective cathode
stack inlet. The anode stack inlet is preferably connected
to the anode space. The cathode stack inlet is preferably
connected to the cathode space.
[0010] The electrolysis arrangement further comprises
an anode separator and a cathode separator. The fol-
lowing description applies to both the anode separator
and the cathode separator. The separators are config-
ured for separating the electrolysis products from the me-
dium. The separators have a respective separator inlet,
a respective separator product outlet and a respective
separator medium outlet. If a mixture of the product and
the medium is provided at the separator inlet, the mixture
is separated within the separator such that only the ma-
jority of the medium (that is >99%) is provided at the
separator medium outlet and only the majority of the prod-
uct (that is >99%) is provided at the separator product
outlet. The medium is preferably liquid, while the products
are preferably gaseous. The separators are hence pref-
erably configured as gas/liquid separators. The anode
separator and the cathode separator are preferably not
connected to each other except for indirect connections
via the separator outlets and/or via the separator inlets.
[0011] The anode outlets of the stacks are connected
to the anode separator inlets. That is, the anode outlets
of all stacks are connected to the anode separator inlets
of the same anode separator. Preferably, there is only
one cathode separator. The cathode outlets of the stacks
are connected to the cathode separator inlets. That is,
the cathode outlets of all stacks are connected to the
cathode separator inlets of the same cathode separator.

Preferably, there is only one cathode separator.
[0012] The medium is driven by at least one pump unit.
The at least one pump unit preferably has a variable flow.
That is, the flow of the medium generated by the pump
unit can be controlled, for example, by controlling the
rotation speed of at least one pump of the at least one
pump unit. In case there are multiple pump units, it is
preferred that the flows of the medium generated by the
pump units can be controlled independently of each oth-
er. The at least one pump unit can comprise one or more
pumps. In the case of more than one pump, the pumps
of a pump unit are configured such that one, some or all
of the pumps of this pump unit can contribute to the flow
generated by this pump unit. For example, a pump unit
can have two pumps, of which one pump can be active,
while the other pump is used as a backup. Alternatively,
both pumps of the pump unit can be used simultaneously
to avoid that one of the pumps has to be operated at its
maximum power. It should be noted that the electrolysis
arrangement can comprise multiple pump units, each
comprising multiple pumps. To that end, the electrolysis
arrangement can have, for example, four pumps, of
which two form a first pump unit and the other two form
a second pump unit.
[0013] In a first embodiment there is only one pump
unit. In that case a pump unit outlet is connected to all
stack inlets. This does not mean that the pump unit has
to be connected directly to the stack inlets. In particular,
a means for returning excess flow to the separators to
balance the feed medium flow can be arranged in be-
tween the pump unit and the stack inlets. Between the
pump unit and the stack inlets a header is provided for
separating a flow of the medium provided by the pump
unit into a respective flow of for each of the stacks. That
is, by means of the header the flow of the medium is
distributed to the stack inlets. Further, the anode sepa-
rator medium outlet and the cathode separator medium
outlet are connected to a pump unit inlet. This may be
via an intermediate common vessel. This way, the me-
dium can be circulated by the pump unit through the
stacks and the separators. The first embodiment can be
referred to as a single feed or as a common feed because
the medium is fed to the stacks via only one feed line that
is distributed to the stacks. In particular in this embodi-
ment it is possible that each of the stacks has only one
stack inlet. This is particularly preferred in the case of
PEM electrolysis cells. Alternatively, each of the stacks
can have a respective anode stack inlet and a respective
cathode stack inlet. This is particularly preferred in the
case of alkaline electrolysis cells. The anode stack inlet
and the cathode stack inlet of a certain stack can be jointly
connected to the header. That is, a respective header
outlet assigned to the respective stack can be connected
to both the anode stack inlet and the cathode stack inlet
of this stack. To this end, the single feed does not only
fan out to the individual stacks by means of the header,
but further to the anode stack inlet and the cathode stack
inlet. In case a stack has more than one stack inlet it is
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preferred that the respective control valve is arranged
upstream of where a common flow assigned to this stack
is divided into respective flows for the stack inlets.
[0014] In a second embodiment there are two pump
units. In that case it is preferred that each of the stacks
has a respective anode stack inlet and a respective cath-
ode stack inlet. A pump unit outlet of a first of the pump
units is connected to all anode stack inlets via a first head-
er and a pump unit outlet of a second of the pump units
is connected to all cathode stack inlets via a second head-
er. This does not mean that the pump units have to be
connected directly to the stack inlets. In particular, a re-
spective means for returning excess flow to the separa-
tors to balance the feed medium flow can be arranged in
between the pump unit and the respective stack inlets.
The first header is provided for separating a flow of the
medium provided by the first pump unit into a respective
flow for each of the anode stack inlets. The second head-
er is provided for separating a flow of the medium pro-
vided by the second pump unit into a respective flow for
each of the cathode stack inlets. That is, by means of the
first header a flow of the medium is distributed to the
anode stack inlets and by means of the second header
a flow of the medium is distributed to the cathode stack
inlets. In this instance, and in particular for alkaline sys-
tems, a portion of the feed flows can be mixed in the
separators to ensure a balance of electrolyte concentra-
tion is maintained. This embodiment can also be referred
to as a separate feed because the medium is fed sepa-
rately to the anode stack inlets and to the cathode stack
inlets. In line with this, the anode separator is connected
to an inlet of the first pump unit, but not to the second
pump unit and the cathode separator is connected to an
inlet of the second pump unit, but not to the first pump
unit. That is, the medium can be circulated separately in
an anode circulation and a cathode circulation.
[0015] In any case there is at least one control valve
per stack. Thereby, it is possible to individually control
the flow of the medium into the stacks. This allows mul-
tiple stacks to be used with a single anode separator and
a single cathode separator. With the electrolysis arrange-
ment a high degree of pressure control is possible. This
is advantageous because it is desired to operate the elec-
trolysis cells at precisely controlled pressures. The mem-
brane of the electrolysis cells is preferably largely imper-
meable to the medium. However, a larger pressure dif-
ference between the anode space and the cathode space
can drive greater amounts of the medium through the
membrane. If too much of the medium is driven through
the membrane, a hydrostatic imbalance between the an-
ode separator and the cathode separator can be the re-
sult. In order to avoid this, it is desired to control the pres-
sure difference between the anode space and the cath-
ode space. In particular, it is preferred that for each of
the stacks a respective pressure difference between the
anode space and the cathode space is smaller than 0.05
bar, in particular smaller than 0.02 bar.
[0016] In order to achieve such a precise pressure con-

trol, the electrolysis arrangement comprises a respective
control valve for each of the stacks. The control valve is
arranged between the header and the stack inlet of the
respective stack. In the first embodiment with only one
pump unit and only one header the control valve is ar-
ranged between the stack inlet and the one header. Also
in case each of the stacks has more than one stack inlet,
it is sufficient that only one control valve is provided for
each of the stacks. This is the case for a common medium
feed to each stack, which is then split downstream of the
control valve to the anode inlet and cathode inlet. In that
case it is preferred that the respective control valve is
arranged between the header and a point where a flow
from the header is divided into separate flows for the
individual stack inlets. In the second embodiment with
two pump units and two headers the control valves are
arranged between the respective stack inlet and the
header to which this stack inlet is connected. It is pre-
ferred that for each stack a respective first control valve
is provided between the first header and the anode stack
inlet and a respective second control valve is provided
between the second header and the cathode stack inlet.
[0017] It is preferred that the pump units provide a pres-
sure that is at least 1 bar higher than the desired pressure
at the stack inlets. The control valves can be used to
reduce the pressure.
[0018] According to a preferred embodiment the elec-
trolysis arrangement is configured such that for all of the
stacks a respective pressure drop from a first point be-
tween the header and the respective control valve to a
second point within the anode separator downstream of
the respective anode separator inlet has the same value
within a tolerance of 0.3 bar, more preferably within 0.1
bar
and/or
such that for all of the stacks a respective pressure drop
from a third point between the header and the respective
control valve to a fourth point within the cathode separator
downstream of the respective cathode separator inlet has
the same value within a tolerance of 0.3 bar, more pref-
erably within 0.1 bar. The "and" case is preferred.
[0019] This embodiment is directed to the pressure
drop across the stack with respect to the anodes and/or
to the pressure drop across the stack with respect to the
cathodes. This means that a comparison among the
pressure drops with respect to the anodes is performed
and/or that a comparison among the pressure drops with
respect to the anodes is performed.
[0020] With respect to the anodes, the pressure drop
is defined between a first point and a second point. For
each of the stacks a respective first point and a respective
second point are defined. The second point can be the
same for all stacks. For each of the stacks the pressure
at the respective first point is compared with the pressure
at the respective second point. Thereby, for each of the
stacks a respective pressure difference is obtained. The
pressure differences of the stacks are, within a tolerance
of 0.3 bar, the same for all stacks. That is, the obtained
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pressure difference for a certain stack differs by not more
than 0.3 bar from the respective pressure difference ob-
tained for any of the other stacks. Thereby, only the pres-
sure drop with respect to the anodes are taken into ac-
count. The first point is located between the header and
the control valve. In case there are multiple headers and
separate anode and cathode stack inlets this refers to
the header that is connected to the anode stack inlet and
to the control valve upstream of the anode stack inlet. In
the above described second embodiment this would be
the first header. The second point is located within the
anode separator downstream of the respective anode
separator inlet. That means that a pressure drop caused
by the anode separator inlet is taken into account in the
described pressure drop the present embodiment is di-
rected to.
[0021] An analogous description applies to the pres-
sure drop with respect to the cathodes. With respect to
the cathodes, the pressure drop is defined between a
third point and a fourth point. For each of the stacks a
respective third point is defined, whereas the fourth point
is the same for all stacks. For each of the stacks a re-
spective third point and a respective fourth point are de-
fined. The fourth point can be the same for all stacks. For
each of the stacks the pressure at the respective third
point is compared with the pressure at the respective
fourth point. The comparison of the obtained pressure
differences is analogous to what has been described with
respect to the anodes.
[0022] According to a further preferred embodiment of
the electrolysis arrangement the stacks each have a
maximum rated DC power consumption in the range of
1 to 20 MW, in particular in the range of 3 to 10 MW.
[0023] The described electrolysis arrangement is pref-
erably used for industrial scale electrolysis. In particular,
this is to be understood in contrast to experimental setups
on a laboratory scale. In the present embodiment the
industrial scale is quantified in terms of the maximum
rated DC power consumption of the stacks. The maxi-
mum rated DC power consumption is what is commonly
used to describe the electrolysis stacks. For example, a
"5 MW stack" has a maximum rated DC power consump-
tion of 5 MW.
[0024] The total maximum rated DC power consump-
tion of the electrolysis arrangement is the sum of the re-
spective maximum rated DC power consumptions of the
stacks. The total maximum rated DC power consumption
of the electrolysis arrangement is preferably in the range
of 10 to 80 MW. In particular with such a total maximum
rated DC power consumption it would be inefficient to
have a respective anode separator and a respective cath-
ode separator for each of the stacks, as is the case in
the prior art.
[0025] According to a further preferred embodiment of
the electrolysis arrangement the at least one pump unit
comprises a centrifugal pump configured to provide an
adjustable flow of the medium.
[0026] Centrifugal pumps are particularly suitable for

industrial scale electrolysis. To this end, the present em-
bodiment points out that the described electrolysis ar-
rangement is directed to industrial scale electrolysis, and
not to laboratory scale electrolysis. In case there are mul-
tiple pump units, it is preferred that all pump units com-
prise a respective centrifugal pump configured to provide
a respective adjustable flow of the medium. In case a
pump unit comprises more than one pump, it is preferred
that all these pumps are the pumps are centrifugal
pumps. In particular, it is preferred that all pumps of the
electrolysis arrangement are centrifugal pumps.
[0027] Alternatively, one or more of the pumps can be
a mechanical gear pump could be used.
[0028] According to a further preferred embodiment of
the electrolysis arrangement a cooler and/or a filter are
arranged between the at least one pump unit and the
respective header. The "and" case is preferred.
[0029] In the present embodiment not only the anode
separator, the cathode separator and the at least one
pump unit can be shared by the multiple stacks, but also
the cooler and/or the filter. This further simplifies the elec-
trolysis arrangement and reduces costs.
[0030] In case there are multiple pump units, it is pre-
ferred that for each of the pump units a respective cooler
and/or a respective filter are arranged between the pump
unit and the respective header.
[0031] According to a further preferred embodiment of
the electrolysis arrangement the electrolysis cells are
configured as PEM electrolysis cells, anion exchange
membrane electrolysis cells or alkaline electrolysis cells.
[0032] It was found that in particular using these elec-
trolysis cells the described advantages can be obtained.
PEM electrolysis cells are particularly preferred. In this
case as well as potentially in the case of anion exchange
membrane electrolysis cells the medium is water, in par-
ticular de-ionised water. In case of alkaline electrolysis
cells and possibly anion exchange membrane electroly-
sis cells the medium is an aqueous solution of potassium
hydroxide (KOH).
[0033] According to a further preferred embodiment of
the electrolysis arrangement each of the anode separator
inlets is configured as a nozzle and/or wherein each of
the cathode separator inlets is configured as a nozzle.
The "and" case is preferred.
[0034] The anode separator inlets are arranged be-
tween the first points and the second point(s). That is,
the anode separator inlets configured as a nozzle con-
tribute to the pressure drops across the stack as defined
between the first points and the second point(s). This
pressure drop can be adjusted, in particular, by adjusting
the nozzles. This can mean that an adjustable nozzle is
used and/or that the nozzle design is adjusted. That is,
the nozzle design can be used to achieve pressure drops
within the above described tolerance. Preferably, the
dominant pressure drop is delivered by the control valve
and the nozzle.
[0035] According to a further preferred embodiment of
the electrolysis arrangement for the stacks a respective
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pipe length between the anode outlets and the anode
separator inlets differ by less than 50 %, preferably by
less than 30 % and more preferably by less than 10 %,
and/or for the stacks a respective pipe length between
the cathode outlets and the cathode separator inlets differ
by less than 50 %, preferably by less than 30 % and more
preferably by less than 10 %. The "and" case is preferred.
[0036] The pipe length between an anode outlet and
an anode separator inlet is the distance between the an-
ode outlet and the anode separator inlet measured along
a pipe that connects the anode outlet and the anode sep-
arator inlet. An analogous description applies with re-
spect to the cathodes. The more uniform the pipe lengths
downstream of the stacks are, the easier can the same
pressure be obtained at all stack inlets. This is due to the
fact that the pressure at the stack inlets is, in particular,
influenced by the backpressure caused downstream of
the stacks.
[0037] According to a further preferred embodiment of
the electrolysis arrangement the anode separator is ar-
ranged horizontally and/or the cathode separator is ar-
ranged horizontally. The "and" case is preferred.
[0038] It was found that with horizontal separators it is
easier to achieve uniform pipe lengths from the different
stacks to the separator. Further, the formation of foam
and entrained bubbles is less likely with horizontal sep-
arators, since the design more readily accommodates
quiescent zones and discourages a natural circulation of
bubbles. Horizontal separators are particularly preferred
in case the electrolysis cells are alkaline electrolysis cells.
[0039] According to a further preferred embodiment
the electrolysis arrangement further comprises a bypass
from a point between the at least one pump unit and the
respective header to the anode separator and/or to the
cathode separator. The "and" case is preferred.
[0040] In case there is only one pump unit, the bypass
preferably extends from a point between the pump unit
and the header and, via a first outlet branch, to the anode
separator and, via a second outlet branch, to the cathode
separator. In case there are multiple pump units, the by-
pass preferably has a respective inlet branch for each of
the pump units, wherein each of the inlet branches begins
between the pump unit and the respective header. Also
in this case the bypass preferably terminates at the anode
separator via a first outlet branch and at the cathode sep-
arator via a second outlet branch.
[0041] Via the bypass the medium can flow from the
pump unit outlet to the pump unit inlet without passing
the stacks. Thereby, the pump unit(s) can generate a
flow that is higher than required. Preferably, the bypass
comprises a bypass valve. By means of the bypass valve
the flow through the bypass and, in consequence,
through the stacks can be adjusted particularly quickly,
in particular compared to adjusting the rotation speed of
one or more pumps of the pump unit. Hence, in the
present embodiment the flow control is particularly fast.
[0042] The anode separator and the cathode separator
are preferably connected to each other only via the sep-

arator outlets, the separator inlets and/or via the bypass.
The bypass can be used to balance the medium level in
the anode separator and the cathode separator.
[0043] As a further aspect of the invention a method
for performing an electrolysis of a medium in order to
obtain an anode product and a cathode product using an
electrolysis arrangement as described is presented. The
method comprises driving the medium by means of the
at least one pump unit and applying a voltage to the elec-
trolysis cells, wherein the speed of at least one pump of
the at least one pump unit and the settings of the control
valves are controlled.
[0044] The advantages and features of the electrolysis
arrangement are transferrable to the method, and vice
versa. The electrolysis arrangement is preferably config-
ured to be used according to the method. The voltage is
applied such that the anode product and the cathode
product are obtained from the medium by electrolysis.
[0045] According to a preferred embodiment of the
method the at least one pump unit and/or the control
valves are controlled such that the at least one pump unit
provides the medium with a pressure that is at least 0.4
bar higher than the pressure at each of the stack inlets.
The "and" case is preferred.
[0046] Providing the medium at a pressure higher than
required was found to be advantageous in order to com-
pensate for a pressure drop caused by the control valves.
[0047] According to further a preferred embodiment of
the method the at least one pump unit is controlled based
on a total flow demand.
[0048] The load of the at least one pump unit is pref-
erably not controlled based on an amount of the anode
product or of the cathode product that are supposed to
be produced. In particular, in the case of hydrogen pro-
duction the load of the at least one pump unit is preferably
not controlled based on an amount of hydrogen that is
supposed to be produced. Instead, the load of the at least
one pump unit is controlled based on the total flow de-
mand. The total flow demand is the sum of the respective
flow demands of the stacks and, optionally, of a bypass
flow. The flow demand of a stack can be determined
based on an inherent age of the stack, a power factor of
the stack and/or a harmonic distortion limit of the stack.
The inherent age of a stack is a measure that can be
seen, for example in the case of hydrogen production,
from the power demand for a given amount of hydrogen
that is supposed to be obtained. In determining the total
flow demand it is preferably taken into account which of
the stacks are in operation.
[0049] According to further a preferred embodiment of
the method the control valves are controlled based on

- an amount of the anode product that is supposed to
be obtained and/or an amount of the cathode product
that is supposed to be obtained,

- a maximum difference of the temperature of the me-
dium at the anode outlet and the cathode outlet of
the respective stack,
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- a maximum temperature of the medium at the anode
outlet of the respective stack and/or a maximum tem-
perature of the medium at the cathode outlet of the
respective stack,

- a predetermined minimum flow through the respec-
tive stack,

- a predetermined maximum flow through the respec-
tive stack, and/or

- a pressure differential between different stack inlets
of the same stack.

[0050] Preferably, the control valves are controlled
based on at least three of these eight parameters. More
preferably, all parameters are used.
[0051] The amount of the anode product that is sup-
posed to be obtained and the amount of the cathode prod-
uct that is supposed to be obtained describe a production
request that may be issued by a control system. The dif-
ference of the temperature of the medium at the anode
outlet and the cathode outlet is preferably in the range
of 10 and 15 °C. The maximum temperature of the me-
dium at the anode outlet can also be considered the max-
imum outlet temperature of the stack. This parameter is
an operating constraint. Providing a predetermined min-
imum flow can ensure efficient stack operation for a given
production rate. A predetermined maximum flow can be
provided to ensure that the stacks are not damaged.
[0052] According to further a preferred embodiment of
the method a pressure of the medium at the stack inlets
is within the range of 5 to 50 bar.
[0053] The electrolysis is preferably a high pressure
electrolysis. In the present embodiment this is quantified
in terms of the pressure at the stack inlets.
[0054] In the following the invention will be described
with respect to the figures. The figures show preferred
embodiments, to which the invention is not limited. The
figures and the dimensions shown therein are only sche-
matic. The figures show:

Fig. 1: a first embodiment of an electrolysis arrange-
ment according to the invention, and

Fig. 2: a second embodiment of an electrolysis ar-
rangement according to the invention.

[0055] Fig. 1 shows an electrolysis arrangement 1 that
comprises multiple stacks 3 of electrolysis cells. The
electrolysis cells may be configured as PEM electrolysis
cells, anion exchange membrane electrolysis cells or al-
kaline electrolysis cells. The stacks 3 each have a max-
imum rated DC power consumption in the range of 1 to
20 MW. Also, the electrolysis arrangement 1 comprises
a pump unit 2 for driving a medium. In the present em-
bodiment there is only one pump unit 2. Hence, the
present embodiment can be referred to as a single feed.
In the embodiment of Fig. 1, the pump unit 2 comprises
a single pump only.
[0056] The pump unit 2 comprises a centrifugal pump

configured to provide an adjustable flow of the medium.
Each stack 3 comprises two stack inlets 4a,4b that are
connected to the pump unit 2 via a header 5 for separating
a flow of the medium provided by the pump unit 2 into a
respective flow for each of the stacks 3. Between the
pump unit 2 and the header 5 a cooler 21 and a filter 22
are arranged. Further, each stack 3 comprises a respec-
tive anode outlet 6 and a respective cathode outlet 7.
The stacks 3 are configured to obtain by electrolysis of
the medium introduced into the respective stack inlets
4a,4b an anode product provided together with the me-
dium at the respective anode outlet 6 and a cathode prod-
uct provided together with the medium at the respective
cathode outlet 7.
[0057] Further, the electrolysis arrangement 1 com-
prises a respective control valve 8 for each of the stacks
3 arranged between the header 5 and the respective
stack inlets 4a,4b, wherein the control valves 8 are con-
figured to individually control a flow of the medium into
the respective stack 3. This does not necessarily mean
that the flow into the anode stack inlet 4a can be control-
led independently of the flow into the cathode stack inlet
4b. In the embodiment according to Fig. 1 this is not pos-
sible because the flow assigned to a certain stack 3 is
divided into separate flows for the anode stack inlet 4a
and the cathode stack inlet 4b downstream of the control
valve 8. Nevertheless, the flow into the stack inlets 4a,4b
of one stack 3 can be controlled independently of the flow
into the stack inlets 4a,4b of the other stacks 3.
[0058] The electrolysis arrangement 1 further compris-
es an anode separator 9 having an anode separator me-
dium outlet 12 that is connected to the pump unit 2. Each
of the anode outlets 6 of the stacks 3 is connected to a
respective anode separator inlet 10 of the anode sepa-
rator 9. The anode separator 9 is configured to separate
the anode product from the medium introduced into the
anode separator inlets 10 such that the anode product
is provided at an anode separator product outlet 11 and
the medium is provided at the anode separator medium
outlet 12. The pressure of the anode separator 9 is con-
trolled by a control valve 25. The electrolysis arrange-
ment 1 further comprises a cathode separator 13 having
a cathode separator medium outlet 16 that is connected
to the pump unit 2. Each of the cathode outlets 7 of the
stacks 3 is connected to a respective cathode separator
inlet 14 of the cathode separator 13. The cathode sepa-
rator 13 is configured to separate the cathode product
from the medium introduced into the cathode separator
inlets 14 such that the cathode product is provided at a
cathode separator product outlet 15 and the medium is
provided at the cathode separator medium outlet 16. The
pressure of the cathode separator 13 is controlled by a
control valve 26. The operation of the control valves 25
and 26 are such that the pressure difference is minimized
between the two separators 9,13.
[0059] The anode separator 9 and the cathode sepa-
rator 13 are arranged horizontally. In particular thereby
it is possible that a respective pipe length between the
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anode outlets 6 and the anode separator inlets 10 for the
stacks 3 differ by less than 50 % and that a respective
pipe length between the cathode outlets 7 and the cath-
ode separator inlets 14 for the stacks 3 differ by less than
50 %. Each of the anode separator inlets 10 is configured
as a nozzle and each of the cathode separator inlets 14
is configured as a nozzle.
[0060] The electrolysis arrangement 1 is configured
such that for all of the stacks 3 a respective pressure
drop from a first point 17 between the header 5 and the
respective control valve 8 to a second point 18 within the
anode separator 9 downstream of the respective anode
separator inlet 10 has the same value within a tolerance
of 0.3 bar and such that for all of the stacks 3 a respective
pressure drop from a third point 19 between the header
5 and the respective control valve 8 to a fourth point 20
within the cathode separator 13 downstream of the re-
spective cathode separator inlet 14 has the same value
within a tolerance of 0.3 bar. In the present embodiment
the first point 17 and the third point 19 are the same.
[0061] The electrolysis arrangement 1 further compris-
es a bypass 23 from a point between the pump unit 2
and the header 5 to the anode separator 9 and to the
cathode separator 13.
[0062] Fig. 2 shows a further embodiment of an elec-
trolysis arrangement 1. In contrast to the embodiment of
Fig. 1, there are two pump units 2. Hence, the embodi-
ment of Fig. 2 can be referred to as a separate feed. In
the following, merely the differences to the embodiment
of Fig. 1 are described. In the embodiment of Fig. 2, each
of the pump units 2 have a single pump.
[0063] The pump units 2 each comprise a respective
centrifugal pump configured to provide a respective ad-
justable flow of the medium. Each stack 3 comprises two
stack inlets 4a,4b. A respective anode stack inlet 4a is
connected to one of the pump units 2 via a header 5,
while a respective cathode stack inlet 4b is connected to
the other pump unit 2 via a further header 5. Between
each of the pump units 2 and the respective header 5 a
respective cooler 21 and respective filter 22 are ar-
ranged. The electrolysis arrangement 1 comprises two
respective control valves 8 for each of the stacks 3. For
each stack 3, one control valve 8 is arranged between
the anode stack inlet 4a and the header 5 connected
thereto and one control valve 8 is arranged between the
cathode stack inlet 4b and the header 5 connected there-
to. The control valves 8 are configured to individually con-
trol a flow of the medium into the respective stack inlets
4a,4b. In this embodiment this means that the flow into
the anode stack inlet 4a can be controlled independently
of the flow into the cathode stack inlet 4b as well as that
the flows into the stack inlets 4a,4b of one stack 3 can
be controlled independently of the flows into the stack
inlets 4a,4b of the other stacks 3. In addition, the need
to minimize the pressure difference between the inlet 4a
and 4b may require a minor additional flow control on
one of the two streams downstream of one of the two
valve 8.

[0064] The electrolysis arrangement 1 further compris-
es an anode separator 9 having an anode separator me-
dium outlet 12 that is connected to each of the pump units
2. Also, the electrolysis arrangement 1 comprises a cath-
ode separator 13 having a cathode separator medium
outlet 16 that is connected to each of the pump units 2.
[0065] The electrolysis arrangement 1 is configured
such that for all of the stacks 3 a respective pressure
drop from a first point 17 between the header 5 and the
respective control valve 8 assigned to the anode stack
inlet 4a to a second point 18 within the anode separator
9 downstream of the respective anode separator inlet 10
has the same value within a tolerance of 0.3 bar and such
that for all of the stacks 3 a respective pressure drop from
a third point 19 between the header 5 and the respective
control valve 8 assigned to the cathode stack inlet 4b to
a fourth point 20 within the cathode separator 13 down-
stream of the respective cathode separator inlet 14 has
the same value within a tolerance of 0.3 bar. In contrast
to the embodiment of Fig. 1, in the present embodiment
the first points 17 and the third points 19 are not the same.
[0066] The invention can be summarized as follows:
An electrolysis arrangement 1 is provided that comprises:

- a pump unit 2,
- multiple stacks 3,
- a respective control valve 8 for each of the stacks 3,
- an anode separator 9, and
- a cathode separator 13.

[0067] Due to the control valves 8 assigned to each of
the stacks 3 an independent flow control can be achieved
for the stacks 3. This allows safe and reliable operation
of the electrolysis arrangement 1 although multiple
stacks 3 are connected to the same anode separator 9
and to the same cathode separator 13.

List of reference numerals

[0068]

1 Electrolysis arrangement
2 pump unit
3 stack
4a anode stack inlet
4b cathode stack inlet
5 header
6 anode outlet
7 cathode outlet
8 control valve
9 anode separator
10 anode separator inlet
11 anode separator product outlet
12 anode separator medium outlet
13 cathode separator
14 cathode separator inlet
15 cathode separator product outlet
16 cathode separator medium outlet
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17 first point
18 second point
19 third point
20 fourth point
21 cooler
22 filter
23 bypass
24 bypass valve
25 control valve
26 control valve

Claims

1. Electrolysis arrangement (1) comprising:

- at least one pump unit (2) for driving a medium,
- multiple stacks (3) of electrolysis cells, wherein
each stack (3) comprises a stack inlet (4a,4b)
that is connected to one of the pump units (2)
via a header (5) for separating a flow of the me-
dium provided by the respective pump unit (2)
into a respective flow for each of the stacks (3),
and wherein each stack (3) comprises a respec-
tive anode outlet (6) and a respective cathode
outlet (7), wherein the stacks (3) are configured
to obtain by electrolysis of the medium intro-
duced into the respective stack inlet (4a,4b) an
anode product provided together with the medi-
um at the respective anode outlet (6) and a cath-
ode product provided together with the medium
at the respective cathode outlet (7),
- for each of the stacks (3) a respective control
valve (8) arranged between the header (5) and
the respective stack inlet (4a,4b), wherein the
control valves (8) are configured to individually
control a flow of the medium,
- an anode separator (9) having an anode sep-
arator medium outlet (12) that is connected to
one of the pump units (2), wherein each of the
anode outlets (6) of the stacks (3) is connected
to a respective anode separator inlet (10) of the
anode separator (9), and wherein the anode
separator (9) is configured to separate the an-
ode product from the medium introduced into
the anode separator inlets (10) such that the an-
ode product is provided at an anode separator
product outlet (11) and the medium is provided
at the anode separator medium outlet (12) and,
- a cathode separator (13) having a cathode sep-
arator medium outlet (16) that is connected to
one of the pump units (2), wherein each of the
cathode outlets (7) of the stacks (3) is connected
to a respective cathode separator inlet (14) of
the cathode separator (13), and wherein the
cathode separator (13) is configured to separate
the cathode product from the medium intro-
duced into the cathode separator inlets (14)

such that the cathode product is provided at a
cathode separator product outlet (15) and the
medium is provided at the cathode separator
medium outlet (16).

2. Electrolysis arrangement (1) according to claim 1,
configured such that for all of the stacks (3) a respec-
tive pressure drop from a first point (17) between the
header (5) and the respective control valve (8) to a
second point (18) within the anode separator (9)
downstream of the respective anode separator inlet
(10) has the same value within a tolerance of 0.3 bar
and/or
such that for all of the stacks (3) a respective pres-
sure drop from a third point (19) between the header
(5) and the respective control valve (8) to a fourth
point (20) within the cathode separator (13) down-
stream of the respective cathode separator inlet (14)
has the same value within a tolerance of 0.3 bar.

3. Electrolysis arrangement (1) according to any of the
preceding claims, wherein the stacks (3) each have
a maximum rated DC power consumption in the
range of 1 to 20 MW.

4. Electrolysis arrangement (1) according to any of the
preceding claims, wherein the at least one pump unit
(2) comprises a centrifugal pump configured to pro-
vide an adjustable flow of the medium.

5. Electrolysis arrangement (1) according to any of the
preceding claims, wherein a cooler (21) and/or a filter
(22) are arranged between the at least one pump
unit (2) and the respective header (5).

6. Electrolysis arrangement (1) according to any of the
preceding claims, wherein the electrolysis cells are
configured as PEM electrolysis cells, anion ex-
change membrane electrolysis cells or alkaline elec-
trolysis cells.

7. Electrolysis arrangement (1) according to any of the
preceding claims, wherein each of the anode sepa-
rator inlets (10) is configured as a nozzle and/or
wherein each of the cathode separator inlets (14) is
configured as a nozzle.

8. Electrolysis arrangement (1) according to any of the
preceding claims, wherein for the stacks (3) a re-
spective pipe length between the anode outlets (6)
and the anode separator inlets (10) differ by less
than 50 % and/or wherein for the stacks (3) a respec-
tive pipe length between the cathode outlets (7) and
the cathode separator inlets (14) differ by less than
50 %.

9. Electrolysis arrangement (1) according to any of the
preceding claims, wherein the anode separator (9)
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is arranged horizontally and/or the cathode separa-
tor (13) is arranged horizontally.

10. Electrolysis arrangement (1) according to any of the
preceding claims, further comprising a bypass (23)
from a point between the at least one pump unit (2)
and the respective header (5) to the anode separator
(9) and/or to the cathode separator (13).

11. Method for performing an electrolysis of a medium
in order to obtain an anode product and a cathode
product using an electrolysis arrangement (1) ac-
cording to any of the preceding claims, the method
comprising driving the medium by means of the at
least one pump unit (2) and applying a voltage to the
electrolysis cells, wherein the speed of at least one
pump of the at least one pump unit (2) and the set-
tings of the control valves (8) are controlled.

12. Method according to claim 11, wherein the at least
one pump unit (2) and/or the control valves (8) are
controlled such that the at least one pump unit (2)
provides the medium with a pressure that is at least
0.4 bar higher than the pressure at each of the stack
inlets (4a,4b).

13. Method according to claim 11 or 12, wherein the at
least one pump unit (2) is controlled based on a total
flow demand.

14. Method according to any one of the claims 11 to 13,
wherein the control valves (8) are controlled based
on

- an amount of the anode product that is sup-
posed to be obtained and/or an amount of the
cathode product that is supposed to be obtained,
- a maximum difference of the temperature of
the medium at the anode outlet (6) and the cath-
ode outlet (7) of the respective stack (3),
- a maximum temperature of the medium at the
anode outlet (6) of the respective stack (3)
and/or a maximum temperature of the medium
at the cathode outlet (7) of the respective stack
(3),
- a predetermined minimum flow through the re-
spective stack (3),
- a predetermined maximum flow through the
respective stack (3), and/or
- a pressure differential between different stack
inlets (4a,4b) of the same stack (3).

15. Method according to any one of the claims 11 to 14,
wherein a pressure of the medium at the stack inlets
(4a,4b) is within the range of 5 to 50 bar.
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