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Fig. 1

(57) Abrégée/Abstract:
The Iinvention relates to a method for operating a water electrolysis device for producing hydrogen and oxygen from water. In the
electrolysis device, a PEM electrolyzer (1) is integrated into a water circuit (4). The water circuit (4) serves to supply reaction water

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



CA 3060641 A1 2018/11/01

en 9 060 641
13) A1

(57) Abrege(suite)/Abstract(continued):
and to lead away excess water. During the start-up of the electrolysis device, the water circuit (4) is led past the PEM electrolyzer
(1) by means of a bypass line (14).
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Abstract

It concerns a method for operating a water electrolysis device for producing hydrogen and
oxygen from water. A PEM e¢lectrolyser (1) 1s integrated in a water circuit (4) in the electrolysis
device. The water circuit serves (4) for feeding reaction water as well as discharging excess water.
The water circuit (4) 1s lead past the PEM electrolyser (1) via a bypass conduit (14) on starting up

the water electrolysis device.
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METHOD FOR OPERATING A WATER ELECTROLYSIS DEVICE

Description

[0001} The invention relates to a method for operating a water electrolysis device for
producing hydrogen and oxygen, according to the features which are specified in the preamble of
claim 1, as well as to a water electrolysis device for carrying out this method, according to features

which are specified in the preamble of claim 5.

[0002] A water electrolysis device of EP 1 243 671 Al, concerning which a PEM electrolyser
1s incorporated into a water circuit is counted as belonging to the state of the art. The water which
1s fed to the PEM electrolyser is broken up into hydrogen and oxygen, wherein the excess water
together with the oxygen is fed to a gas separation container, whose fluid-leading exit conduit is
fed to a cooling device and subsequently via a filter back to the PEM electrolyser. The water which
1s broken up into hydrogen and oxygen on electrolysis is replaced by demineralised water and is

fed to the gas separation container.

[0003] Concerning the operation of this electrolysis device, metal ions are released in the
PEM electrolyser, wherein these negatively influence the electrolysis process on renewed feeding
of the water and damage the PEM electrolyser. This can be prevented by way of the upstream
arrangement of an ion exchanger, but this demands a temperature reduction of the fed water, in
order not to exceed a highest permissible temperature of approx. 60°C. The reduction of the water
temperature however worsens the performance and efficiency of the PEM electrolyser, said PEM
electrolyser preferably being operated with water of a temperature between 70° and 80°C or
higher. Concerning the device which is known from EP 1 243 671 Al, such a temperature
reduction is made possible by way of forgoing an ion exchanger which is arranged upstream of the
PEM electrolyser, wherein it is to be ensured that the metal ion content of the water fed to the
PEM electrolyser does not exceed a tolerable value by way of the continuous feed of

demineralised water.

[0004] A water electrolysis device of EP 2 792 769 Al, concerning which an ion exchanger is
arranged upstream of the PEM electrolyser in the conduit circuit, is counted as belonging to the
state of the art. In order here on the one hand not to exceed the temperature which is permissible
for the 1on exchanger and on the other hand to feed water which is at a higher temperature than that
which exits from the ion exchanger to the PEM electrolyser, a heat exchanger is provided there
and this at the primary side leads the water which is fed to the 1on exchanger and at the secondary
side the water which is led away from the ion exchanger,' in a counter-flow, in order to improve
this temperature problem. Herein however, a cooling device is additionally necessary between the
heat exchanger and the ion exchanger, in order to ensure the entry temperature which is necessary
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for the 1on exchanger. One problem of this arrangement is the fact that the same water quantities
must always be led through the heat exchanger which is arranged upstream, at the primary side and
at the secondary side, since they lie in the same conduit circuit. The regulator of the cooling device

in practice has been found to be insufficient, in order to meet these contradictory temperature

demands.

[0005] Herein, the service life of the PEM electrolyser is greatly dependent on the use
duration and the purity of the fed water. The power performance and the efficiency increase with

an increasing temperature until reaching an operating temperature which typically lies above 80°C.

[0006] Starting from this state of the art, it is the object of the invention to improve a method
for operating a water electrolysis device, particularly with regard to the efficiency, service life of
the PEM electrolyser and its electrolysis performance. Furthermore, a water electrolysis device,

with which such an improved method can be carried out, is to be provided.

[0007] The part of this object with regard to the method is achieved by the method which is
specified in claim 1 and that with regard to the device by an electrolysis device according to claim
5. Advantageous embodiments of the invention are specified in the dependent claims, the

subsequent description and the drawing.

[0008] A PEM electrolyser in the context of the present invention is typically to be
understood as a stack of PEM electrolyser cells as is counted as belonging to the state of the art.
Herein, 1t can possibly also be the case of a multitude of PEM electrolysis cells which are

connected in parallel in another shape.

[0009] According to the invention, one envisages leading the water circuit past the PEM
electrolyser via a bypass conduit on starting up the water electrolysis device. This measure also
contributes to the longevity of the PEM electrolyser, since ion exchangers, when they are not
subjected to throughflow but the medium therein is at a standstill as with a shut-down electrolysis
device, typically have the characteristic of releasing metals ions to the water, said metals ions then
getting into the PEM electrolyser with the next start-up of the device and damaging this. This can
be effectively prevented by leading through the bypass on starting up. The metal ions which are
located in the water circuit there are then removed given a renewed flow through the ion

exchanger.

[0010] In order to bring the power of the PEM electrolyser as quickly as possible to a high
level on starting up the electrolysis device, according to a further development of the invention one
envisages the water which is fed to the PEM electrolyser being preheated by way of a heating
device. This is typically effected by way of an electrical heater which heats the water which is cold
on starting up the device, in the manner of a continuous heater.
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[0011] In order to increase the service life of the PEM electrolyser, said PEM electrolyser
typically being designed as a stack, and hence to also increase the performance over the longer
term, according to a further development of the invention one envisages periodically reversing the
throughflow direction through the PEM electrolyser, wherein according to the invention it 1s not
compellingly the case of always achieving equally long throughflow intervals in each direction,
but of a more or less uniform distribution over the operattonal duration. Periodically in the context
of the mvention i1s therefore not to be understood in the strict mathematical sense, but in the
context of alternating. Herein, it is preferably such that the reversal is not effected during the
operation, but after the shutting down of the electrolysis device or before the starting-up, when this
has been at a standstill in any case. However, if the electrolysis device runs in a continuous

manner, then such a rerouting can also possibly be effected during the operation.

[0012] The method for operating a water electrolysis device for producing hydrogen and
oxygen, concerning which, in a water circuit, water coming from a PEM electrolyser is fed to a
first heat exchanger for cooling, subsequently to an ion exchanger and then to a second heat
exchanger for heating and again to the PEM electrolyser, is improved in that the heat exchangers at
the secondary side form part of a common heat transfer medium circuit, wherein the heat transfer
medium circuit comprises a cooling device, through which the heat transfer medium flow is led
selectively in a complete or partial manner or not at all, for the control and/or regulation of the
temperature of water fed to the ion exchanger and/or of the temperature of the water fed to the
PEM c¢lectrolyser.

[0013] The basic concept of this method is to do firstly without a cooling device in the water
circuit of the electrolyser and instead of this to control, preferably regulate (closed-loop control)
either the temperature of the water fed to the ion exchanger or the temperature of the water fed to
the PEM electrolyser or both temperatures, by way of the heat transfer medium flow which is led
through the heat exchanger at the secondary side being fed completely, fed partly or not fed at all,
to a cooling device depending on the requirements. Herein, the cooling device is preferably
connected in parallel to the second heat exchanger via a mixing valve, so that the heat transfer
medium flow which exits from the cooling device is firstly fed to the first heat exchanger and then
completely or partly to the second heat exchanger or again to the cooling device. Given the
application of a suitable control and regulation device, with this arrangement either the temperature
of the water fed to the PEM electrolyser can be regulated in the necessary manner, or the
temperature of the water fed to the heat exchanger. If; as is likewise envisaged according to the
invention, both these temperatures are to be regulated, then it will be necessary to provide a further
regulator (actuator) and this for example can be the power of the cooling device, thus the cooling
power and/or the flow throughput through the heat transfer medium circuit, said flow throughput
being able to be varied for example by way of a suitable activation of a speed-controllable
circulation pump. The aforementioned regulation essentially relates to the temperature regulation

-3 -
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during the run-in operation and for starting up the PEM electrolyser this temperature must firstly

be reached at least approximately.

[0014] Alternatively, according to the invention, the cooling device of the heat transfer
medium circuit can be arranged upstream of the first heat exchanger in the through-flow direction
which is to say in series with this. The throughput which is fed to the second heat exchanger or
which is fed to the cooling device whilst bypassing of the second heat exchanger is then controlled
via a mixing valve. The cooling device 1s to be controllable in its power given such an

arrangement.

[0015] The basic concept of the method according to the invention is therefore not to cool the
water circuit in a direct manner, but to incorporate a cooling device in the secondary circuit,
wherein advantageously both heat exchangers are assigned to the same heat transfer medium
circuit and the temperature control or regulation is effected merely by way of leading the heat
transfer medium through a cooling device in a complete or partial manner or not at all.

[0016] Herein, the first and second heat exchangers also do not necessarily need to consist of
a single heat exchanger, and herein it can also be the case of one or more individual heat
exchangers which are connected in parallel and/or series. This analogously applies to the cooling
device and to the ion exchanger, wherein the cooling device typically comprises a heat exchanger,
whose primary side lies in the heat transfer medium circuit and through whose secondary side a
cooling medium, for example air or cooling fluid from a cooling assembly can flow.

[0017] In the present application, on the one hand the terms water circuit or conduit circuit
and on the other hand the term heat transfer medium circuit are used throughout. Water circuit or
conduit circuit denotes the primary circuit, in which the PEM electrolyser and the ion exchanger
lie, and heat transfer medium circuit denotes the secondary circuit which at the secondary side
leads through the heat exchanger which is arranged upstream or downstream of the ion exchanger
but which can be operated in the same manner with water as a heat transfer medium. Here, it is
typically not demineralised or distilled water which is used but common tap water, possible amid

the admixing of glycerine or also other additives.

[0018] The preheating of the water which is fed to the PEM electrolyser supplements the
regulation according to the invention in an ideal manner, said regulation initially not yet
functioning in the desired manner given too low a temperature in the water circuit. The heating
device does not necessarily need to be arranged in the primary circuit but can also be provided in
the heat transfer medium circuit, for example upstream of the further heat exchanger in the
throughflow direction, said further heat exchanger serving in any case for heating the water which
Is fed to the PEM electrolyser. Herein, the heating device can already be activated during the initial
bypass operation, so that preheated water goes directly into the PEM electrolyser on disconnecting

-4 -
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the bypass conduit. Furthermore, on account of the previous leading through the bypass, this is
also freed of metal ions in an adequate manner, said metal ions having gotten into the water within

the 1on exchanger on standstill of the circulation.

[0019] According to the invention, a bypass conduit which can preferably be shut off by way
of a valve is provided in the conduit circuit parallel to the PEM electrolyser. This bypass conduit
can also be formed by a valve itself, as is yet explained further below. Such a bypass conduit is
advantageous for starting up the electrolysis device, in order to lead the water circuit past the PEM
electrolyser, in order for example not to lead the water which is stagnant in the 1on exchanger and
which could be enriched with metal ions, through the electrolyser, but only to incorporate the
electrolyser into the conduit circuit when it is ensured that the water which 1s fed to the PEM
electrolyser and which comes from the ion exchanger is free of metal ions to a sufficient degree,

which is to say that the ion exchanger operates in an effective manner.

[0020] The activation of the bypass function in a multitude of application cases is most
favourably effected by way of a valve. However, it can also be effected by way of a pump which is
integrated into the conduit or by way of a shut-off valve which is connected upstream of the PEM
electrolyser, in combination with a pressure-limitation valve which is arranged in the bypass

conduit.

[0021] The electrolysis device according to the invention, according to a further development
advantageously comprises a start-up control which during the start-up phase leads the conduit
circuit through a bypass whilst bypassing the PEM electrolyser. This start-up control can be part of
the control and regulation device, but it can also be realised independently of this and in the
simplest form activates the shut-off valve to open during the start-up phase. On using a 4/3-way
valve as described beforehand, this start-up control can be designed to activate the third switching
position of the valve which forms the bypass.

[0022] In order to arrive as quickly as possible at a high power on starting up the electrolysis
device, which 1s to say the electrical power uptake of the PEM electrolyser and therefore a high as
possible produced quantity of gas, according to the invention a heating device can advantageously
be connected upstream of the PEM electrolyser, in particular in the conduit circuit between the ion
exchanger and the PEM electrolyser. Usefully, this heating device is arranged downstream of the
further heat exchanger and upstream of the PEM electrolyser. Alternatively, such a heating device
can be provided in the heat transfer medium circuit, and specifically connected upstream of the
turther heat exchanger in the throughflow direction at the secondary side. The heating device does
not necessarily need to be an electrical heater, but a heat exchanger can also be provided here, the

other side of which for example leads the dissipated heat from a combustion engine.
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[0023] As initially described, in order to permit a direction reversal of the flow through the
PEM electrolyser within the conduit circuit, according to a further development of the invention a

valve arrangement, with which this can be realised, is provided.

[0024] Advantageously, this can be effected by way of the provision of two 3/2-way valves,
wherein one of the valves is connected to the one water connection of the PEM electrolyser as well
as to the feeding and discharging conduit of the conduit circuit and the other valve is connected to
the other conduit connection of the PEM electrolyser as well as likewise to the feeding and
discharging conduit of the conduit circuit. Such 3/2-way valves are inexpensively obtainable on
the market, even with the special material demands which are necessary here for the conduit
circuit. The valve parts which are in contact with the water circuit are coated for example with

Teflon or are titanium-coated or consist thereof.

[0025] I, as is advantageous, the two 3/2-way valves are replaced by 3/3-way valves, then not
only can a reversal of the flow direction through the PEM electrolyser be controlled with these
valves, but also a bypass operation, without an additional bypass valve and a bypass conduit
having to be provided. Herein, it is particularly advantageous if these 3/3-way valves are designed
in the manner of the ball-cock type, since they can then be realised in expensively and in a
functionally reliable manner. Such a directional valve typically comprises three connections which
are arranged offset by 90° to one another, as well as a ball with a T-shaped inner bore, so that two
of the three connections are conductively connected to one another in each case depending on the

switching position.

[0026] Instead of two 3/2-way valves, a connection of the PEM electrolyser to the conduit
circuit can also be advantageously effected by way of a 4/2-way valve, wherein the two switching
positions correspond to the two throughflow directions. If, instead of the 4/2-way valve, which is
advantageous, a 4/3-way valve which in the third switching position connects the feeding and
discharging conduit of the conduit circuit to one another is used, then by way of a single valve, the

direction reversal of the flow through the PEM electrolyser as well as the bypass function for
starting up the electrolysis device can be realised with only one valve, which is advantageous.

10027] The valves are advantageously formed from stainless steel. Alternatively, suitably
coated valves, for example Teflon-coated or titanium-coated valves can be used, and it is also

concelvable to manufacture the valves of titanium or other suitable materials.

[0028] The electrolysis device advantageously comprises a reversal control which in temporal
Intervals re-routes the valves which are assigned to the PEM electrolyser, in order to achieve a
reversal of the throughflow direction. This reversal control can likewise be designed as part of the
control and regulation device or be designed in a separate manner.
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[0029] The water electrolysis device according to the invention for producing hydrogen and
oxygen from water comprises a conduit circuit for the distilled, at least demineralised water, in
which circuit a PEM electrolyser, a first heat exchanger, an ion exchanger and a further heat
exchanger are successively arranged, wherein the exit of the further heat exchanger is conductively
connected to the PEM electrolyser. The water-leading exit of the PEM electrolyser is typically the
oxygen-leading exit, from which water and oxygen simultaneously exit, these being subsequently
separated, wherein the water is fed in the conduit circuit. Herein, the first as well as the further heat
exchanger are incorporated into a common heat transfer medium circuit at the secondary side,
wherein a cooling device which can be variably incorporated into the heat transfer medium circuit
via a controllable fitting is assigned to this heat transfer medium circuit. Herein, the cooling device
1s also preferably controllable itself with regard to its cooling power, and alternatively or
additionally a control via the throughput speed in the heat transfer medium circuit can be provided.

[0030] Herein, the basic concept is to assign the heat exchangers upstream and downstream of
the ion exchanger to a common, secondary-side heat transfer medium circuit whilst forgoing a
cooling device in the conduit circuit and to integrate a cooling device in this heat transfer medium
circuit, said cooling device being able to be incorporated into the heat transfer medium circuit in a
complete or partial manner or not at all, via a controllable fitting, preferably in an infinite manner.

[0031] According to a further development of the invention, the water electrolysis device
comprises a control and regulation device which controls the fitting or the cooling device or both
for the purpose of temperature regulation of the water which is fed to the ion exchanger or to the
PEM electrolyser or to both. The regulation device is preferably designed for the temperature
regulation of the water which is fed to the PEM electrolyser, since this temperature is decisive for
the performance of the whole device.

[0032] Since, in the process, typically more heat is to be dissipated in the conduit circuit than
Is necessary for heating the water which is to be fed to the PEM electrolyser, according to the

Invention a stepwise regulation can also be effected, this being of a nature such that the water
temperature which is fed to the PEM electrolyser is primarily regulated and the water temperature

which is fed to the ion exchanger is merely regulated with regard to a limit temperature, wherein
this limit temperature for example is maximally 60°C.

[0033] According to an advantageous further development of the invention, the fitting is a
mixing valve (also called mixer) as is counted as belonging to the state of the art for example from
heating technology. Such a mixing valve can be controlled by way of a servomotor and can be
provided in a cost-effective manner. Since it is the case of the (secondary-side) heat transfer

medium circuit, here a simple tried-and-tested and inexpensive fitting from heating technology can
be used.
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[0034]} According to an advantageous further development of the invention, a speed-
controllable circulation pump whose speed i1s controlled by the control and regulation device is
arranged in the heat transfer medium circuit. Such circulation pumps which are typically controlled
by frequency converter are likewise inexpensively available from heating technology and can
operate in wide power ranges. The use of such a circulation pump not only makes sense if the
delivery tlow is to be used as a further control variable for a regulation, but also if this requirement
IS not given, in order to be able to operate the heat transfer medium circuit in an energetically

favourable manner.

[00335] The cooling device is advantageously connected parallel to the further heat exchanger,
thus to the heat exchanger between the ion exchanger and the PEM electrolyser, so that the heat
transfer medium flow which exits from the cooling device is firstly fed to the first heat exchanger
which is provided for cooling down the water which enters the ion exchanger. The fitting, in
particular the mixing valve can either be incorporated into the branching conduit which comes
from the first heat exchanger and leads to the further heat exchanger or to the cooling device, or
however preferably in the run-out region of these conduits, which is to say where the conduit from
the turther heat exchanger, the conduit coming from the cooling device and the conduit leading to
the first heat exchanger meet one another. It is to be understood that the terms all relate to the
designated throughflow direction. Alternatively, the cooling device can be incorporated in the
conduit of the heat transfer medium circuit which leads to the first heat exchanger, and it is then
preferably the case of a cooling device which can be controlled in its power. With the mixing valve
one then controls which shares of the heat transfer medium flow are led through the further heat
exchanger and which are led past this (bypass this).

[0036] The mvention is hereinafter explained in more detail by way of one embodiment
example. The single figure in a greatly simplified representation shows a circuit diagram of an
electrolysis device, concerning which the components which are not essential to the present

invention are not represented.

[0037] The represented water electrolysis device comprises a PEM electrolyser 1 which is
designed in the usual form as a stack and comprises a first conduit connection 2 as well as a second
conduit connection 3, with which the stack 1 is incorporated into a conduit circuit 4 which
comprises a conduit 5 which leads away from the PEM electrolyser 1 and in which the water
which exits from the PEM electrolyser 1 is led fed together with the oxygen which is produced
therein to a container 6 which on the one hand serves for separating the oxygen and on the other
hand serves for feeding the electrolyser 1 with water. This container 6 is therefore a supply
container. The water which is removed from the conduit circuit 4 via the electrolyser 1 by
electrolysis is fed to the container 6 via a conduit 7. Hereby, it is the case of demineralised or
distilled water. The water-leading exit 8 of the container 6 is conductively connected via a
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circulation pump 9 to a first heat exchanger 10, whose exit is conductively connected to an entry of
an ion exchanger 11, whose exit 1s connected to a further, here second heat exchanger 12, whose
exit 1S connected via a 3/2-way valve 13 either to a bypass conduit 14 or to a conduit 15 which
leads to the PEM electrolyser and in which an electrical heater 16 is integrated.

[0038] The discharging conduit 5 and the feeding conduit 15 are each connected to the PEM
electrolyser 1 via a 3/2-way valve, and specifically via a first 3/2way valve 17 which connects
these conduits to the first connection 2 of the electrolyser 1, as well as via a second 3/2-way valve
18 which connects these conduits to the second connection 3 of the PEM electrolyser.

[0039] In normal operation, the water is led in the conduit circuit 4 by way of it exiting from
the container 6 and firstly being led to the circulation pump 9 and from there through the primary
side of the first heat exchanger 10. The water is cooled down to a temperature (for example below
60°C) in this heat exchanger 10, in order to ensure that a high as permissible operating temperature
of the subsequent ion exchanger 11 is not exceeded. After exit from the ion exchanger 11, the
water 1s fed at the primary side to the second heat exchanger 12, in which this is heated to a
temperature tor example of 70°C to 80°C, in order to then be fed to the PEM electrolyser 1, be it
via the first connection 2 or on reversal of the throughflow direction via the second connection 3.
Herein, the temperature to which the second heat exchanger 12 heats the water is selected such that
the subsequent electrolysis process in the electrolyser 1 takes its course at a high efficiency and at a
high power. The water which exits from the electrolyser 1 together with the oxygen is fed via the
second connection 3 or, given a flow reversal, via the second connection 2, into the discharging
conduit 5, to the container 6 where a gas separation is effected and the circuit 4 closes at the water

side.

[0040] The heat exchangers 10 and 12 at the secondary side are assigned to a common heat
transfer medium circuit 20 which by way of a speed-controllable circulation pump 21 feeds the
heat transfer medium, typically water with an additive, which exits the first heat exchanger 10 at
the secondary side, via a conduit 22 to the secondary-side entry of the second heat exchanger 12,
as well as via a conduit 23 to a cooling device 24 which is arranged parallel to the second heat
exchanger 12 and is incorporated into the heat transfer medium circuit via a mixing valve 25 being,
The mixing valve unifies a conduit 26 which comes from the second heat exchanger 12 at the
secondary side, with a conduit 27 which comes from the cooling device 24, into a conduit 28
which leads to the first heat exchanger 10. In an end position of the mixing valve 25, the cooling
device 24 is not incorporated into the heat transfer medium circuit 20, and the secondary sides of
the heat exchangers 10 and 12 are then conductively connected to one another via the conduits 26
and 28, and the circulation is effected via the pump 21 and the conduit 22 which connects thereto.
The conduit 26 which comes from the second heat exchanger 12 is shut off with respect to the
conduit 28 which leads to the first heat exchanger 10 and the conduit 27 which comes from the
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cooling device 24 i1s connected to the conduit 28, by way of changing the position of the mixing
valve from the this first end position into a second end position. This end position is somewhat of a
theoretical nature, since the conduit 26 in practice is not completely closed. It is determined how
much heat 1s dissipated out of the heat transfer medium circuit 20 depending on the extent of the
release of the heat transfer medium flow which exits the cooling device 24 via the conduit 27,
which 1s to say is led to the first heat exchanger 10 via the conduit 28.

[0041] A control and regulation device which is not shown in the figure is provided, and this
ensures that the position of the mixing valve 25 is activated such that the water which is fed to the
PEM electrolyser 1 has a predefined temperature for example of 80°C. This temperature is
decisive for the performance of the PEM electrolyser 1 and thus also for the complete electrolysis
device. Basically, the water temperature which is fed to the ion exchanger 10 can also be regulated
by way of activating the mixing valve 25. Since however it is not a question of maintaining a
precise temperature here, but of merely ensuring that the entry temperature lies below for example
60°C, here a secondary regulation is superimposed, said secondary regulation either being effected
via speed activation of the circulation pump 21 or by way of the control of the power of the

cooling device 24.

[0042] This control and regulation device further ensures that on starting up the electrolysis
device, thus when the water which is located in the circuit 4 does not yet have the desired
operating temperature, this water is preheated via the electric heater 16. However, before such a
preheating is effected, the 3/2-way valve is re-routed via a start-up control in such a manner that
the PEM electrolyser 1 is bridged by the bypass conduit 14, which is to say that the water which
exits from the ion exchanger 11 and is fed through the second heat exchanger 12 is firstly not fed
to the PEM electrolyser 1, but to the leading-back conduit 5 and thus to the container 6. This
activation is effected until it is ensured that the complete water which is located in the ion
exchanger and which was located there gets into the leading-back conduit 5. It is only then that the
valve 13 is re-routed, so that the water which is led in the water circuit 4 is fed to the heater 16 and
therefore preheated, gets into the PEM electrolyser 1.

[0043] Furthermore, the control and regulation device ensures that the 3/2-way valves 17 and
18 which determine the throughflow direction through the PEM electrolyser 1 are re-routed in
temporal intervals. In a first position, the 3/2-way valve 17 connects the feeding conduit 15 to the
first conduit connection 2 of the PEM electrolyser 1, wherein the conduit connection 2 to the
discharging conduit 5 is blocked, and in an analogous manner the second 3/2-way valve connects
to second conduit connection 3 of the PEM electrolyser 1 to the discharging conduit 5, wherein the
conduit connection to the feeding conduit 15 is blocked. After re-routing both valves 17, 18 which
Is to occur simultaneously, the 3/2-way valve 17 connects the first conduit connection 2 of the
PEM electrolyser 1 to the discharging conduit 5 and blocks the feeding conduit 15, whereas the

-10 -
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second 3/2-way valve connects the second conduit connection 3 of the PEM electrolyser 1 to the
feeding conduit 15 and blocks the conduit connection to the discharging conduit 5. Herewith, the
PEM electrolyser 1 is subjected to throughflow in the opposite direction.

10044 If instead of the 3/2-way valves 17, 18, 3/3-way valves are provided, then the 3/2-way
valve 13 and the bypass conduit 14 can be done away with. The reversal of the throughflow
direction as well as the bypass function can then be realised with these two 3/3-way valves.
Directional valves of the ball-cock construction type can advantageously be applied for this, said
valves in the valve casing 3 having conduit connections which are offset by 90° to one another, as
Is schematically represented in the figure at the valves 17 and 18 and which have a valve body in
the form of a ball which has a through-bore which is T-shaped in cross section and to which two of

the 1n total three connections are conductively connected.

[0045] Instead of arranging the cooling device 24 in the conduit 23, 27, thus parallel to the
second heat exchanger, this could be arranged in the conduit 28, wherein it should then preferably
be the case of a cooling device which is controllable in its cooling power. The conduit 23, 27
which is arranged in parallel to the second heat exchanger 12 would thus be retained, and then the
heat transfer medium flow which is fed to the second heat exchanger 12 and that which is led past
(bypasses) the conduit 23, 27 in parallel would then be controlled via the mixing valve 25.

[0046] In the embodiment example which is described above, the electrical heater is arranged
in the conduit 15 which leads to the PEM electrolyser 1. Alternatively, such an electrical heater can
also be arranged in the heat transfer medium circuit, typically upstream of the second heat
exchanger 12 in the through-flow direction, thus in the conduit 22. Such an arrangement has the
advantage that the heating does not especially need to be adapted to the demands placed on the
primarily circuit, but that inexpensive components known from heating technology or other
technologies can also be applied inasmuch as this is concerned.
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List of reference numerals

| PEM electrolyser

2 first connection

3 second connection

4 conduit circuit / water circuit

5. discharging conduit

6 container

7 water-leading conduit

8 conduit exit of 6

9 circulation pump for conduit circuit

10 first heat exchanger

11 1on exchanger

12 second heat exchanger

13 3/2-way valve for the bypass conduit

14 bypass conduit

15 feeding conduit

16 electrical heater

17 3/2-way valve

18 3/-way valve

20 heat transfer medium circuit

21 circulation pump for the heat transfer medium circuit
22 conduit to the second heat exchanger 12

23 conduit to the cooling device

24 cooling device

25 mixing valve

26 conduit from the second heat exchanger 12 to the mixing valve
27 conduit from the cooling device to the mixing valve
28 conduit from the mixing valve to the first heat exchanger 10
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for operating a water electrolysis device for producing hydrogen and oxygen
from water, concerning which the water for producing hydrogen and oxygen is led into a water
circuit, in which a PEM electrolyser (1) is integrated, characterised in that the water circuit (4) is
lead past the PEM electrolyser (1) via a bypass conduit (14) on starting up the water electrolysis

device.

2. A method according to claim 1, characterised in that the water which is fed to the PEM
electrolyser (1) is preheated by way of a heating device (16).

3. A method for operating a water electrolysis device according to any one of claims 1 or 2,
characterised in that the flow direction through the PEM electrolyser (1) is periodically reversed,

preferably in each case after shutting down the electrolysis device.

4, A method for operating a water electrolysis device according to any one of claims 1 to 3,
characterised in that in a water circuit (4), water which comes from a PEM electrolyser (1) is fed to
a first heat exchanger (10) for cooling, subsequently to an ion exchanger (11), then to a second
heat exchanger (12) for heating and again to the PEM electrolyser (1), that the heat exchangers
(10, 12) form part of a common heat transfer medium circuit (20) at the secondary side and that the
heat transter medium circuit (20) comprises a cooling device (24), through which the heat transfer
medium flow is selectively led in a complete or partial manner or not at all, for the control and/or
regulation of the temperature of the water which is fed to the ion exchanger (1) and/or to the PEM
electrolyser (1).

5. A water electrolysis device for producing hydrogen and oxygen from water, concerning
which a PEM electrolyser (1) is integrated into a water-leading conduit circuit (4) for the feed of

water for the electrolysis, characterised in that a bypass conduit (14) which can preferably be shut
off by way of a valve (13) is provided in the conduit circuit (14) parallel to the PEM electrolyser

(1).

6. A water electrolysis device according to claim 5, characterised in that a start-up control is
provided, said start-up control during the start-up phase leading the conduit circuit (4) through a
bypass (14) whilst bypassing the PEM electrolyser (1).

7. A water electrolysis device according to any one of claims 1 to 6, characterised in that a

valve arrangement (17, 18) for the direction reversal of the throughflow is assigned to the PEM
electrolyser (1).
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8. A water electrolysis device according to claim 7, characterised in that the entry and exit (2,
3) of the PEM celectrolyser (1) are each connected to the feeding and discharging conduit (15, 5) of
the conduit circuit (4) via a 3/2-way valve (17, 18).

9. A water electrolysis device according to claim 7, characterised in that an entry and exit (2,
3) of the PEM electrolyser (1) are each connected to the feeding or the discharging conduit (15, 5)
of the conduit circuit (4) via a 3/3-way valve, wherein the valves are preferably designed according

to the ball-cock construction type.

10. A water electrolysis device according to claim 7, characterised in that the entry and exit (2,
3) of the PEM celectrolyser (1) are connected to the feeding and the discharging conduit (15, 5) of
the conduit circuit (4) via a 4/2-way valve, preferably via the 4/3-way valve.

11. A water electrolysis device according to any one of claims 5 to 10, characterised in that a
reversal control which in temporal intervals reroutes the valves (17, 18) which are assigned to the

PEM electrolyser (1) is provided.

12. A water electrolysis device according to any one of claims 5 to 11, characterised in that a
PEM electrolyser (1), a first heat exchanger (10), an ion exchanger (11) and a further heat
exchanger (12) whose exit is conductively connected to the PEM electrolyser (1) are successively
arranged 1n a conduit circuit (4), that the heat exchanger (10, 12) is integrated into a common heat
transfer medium circuit (20) at the secondary side, and that a cooling device (24) which is
preferably controllable with regard to the cooling power and which can be integrated into the heat
transfer medium circuit (20) via a controllable fitting (25) is assigned to the heat transfer medium

circuit.

[3. A water electrolysis device according to claim 12, characterised in that a control and
regulation device is provided, said control and regulation device activating the fitting (25) and/or

the cooling device (24) for the purpose of temperature regulation of the water which is fed to the
1on exchanger (11) and/or to the PEM electrolyser (1).

4. A water electrolysis device according to claim 12 or 13, characterised in that the fitting

(25) 1s a mixing valve.

5. A water electrolysis device according to claim 13 or 14, characterised in that a speed-
controllable circulation pump (21) whose speed is controlled by the control and regulation device

1s arranged in the heat transfer medium circuit (20).

6. A water electrolysis device according to any one of claims 5 to 15, characterised in that the
cooling device (24) in the heat transfer medium circuit (20) is connected parallel to the further heat
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exchanger (12) or i1s connected in series to the first heat exchanger (10) upstream of this in the

throughflow direction.

17. A water electrolysis device according to any one of claims 5 to 16, characterised in that a
heating device (16) is connected upstream of the PEM electrolyser (1), preferably integrated in the
condutt circuit (4) between the exit of the further heat exchanger (12) and the entry of the PEM
electrolyser (1) or is connected upstream of the further heat exchanger (12) in the heat transfer

medium circuit (20).
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