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(57)  Theinvention describes a water electrolysis ar-
rangement comprising a water electrolyser (2) with a feed
water inlet (21), a hydrogen outlet (22) and an oxygen
outlet (23); and a water purifier assembly (1) adapted for
connection between a raw water source and the feed
water inlet (21) of the water electrolyser (2), and compris-
ing an aeration stage (1,,) for aerating raw water (W, );
characterized in that the aeration stage (1,,,) comprises
an aeration vessel (10) with a raw water inlet (101) ar-

FIG 1

WATER ELECTROLYSIS ARRANGEMENT

ranged to convey raw water (W) from the raw water
source into the aeration vessel (10); an aeration inlet
(102) connected to the oxygen outlet (23) of the water
electrolyser (2); and an aerated water outlet (103) ar-
ranged to convey aerated water (W) to a subsequent
stage of the water purifier assembly (1). The invention
further describes a method of performing water electro-
lysis using such a water electrolysis arrangement (1).
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Description
Background

[0001] In water electrolysis, feed water is split into its
constituent gases, i.e. hydrogen and oxygen. The pur-
pose of water electrolysis is usually to obtain pure hydro-
gen gas, for a variety of commercial uses.

[0002] The feed water should be relatively pure, so that
the water electrolyser can operate efficiently. Further-
more, certain types of contaminants (e.g. calcium or iron
species) should be removed in a demineralisation step to
avoid damage to the water electrolyser.

[0003] Forthesereasons, raw water (e.g. groundwater
orwell water) is first purified in a process which involves a
number of stages. In an established configuration, water
purification comprises a filtration stage in which particu-
late contaminants are removed, and a subsequent de-
mineralization stage to remove metals ions (e.g. iron,
copper etc.) from the water. Prior to the filtration stage, itis
usual to aerate the raw water, for example using an
aeration cascade or "cascade aerator", so that oxygen
in the air can bind with ions in the raw water. The resulting
mineral oxides precipitate out of the water. An aeration
cascade is essentially a sequence of steps or plunge
pools, constructed so that water flows from the upper-
most level over each of the steps, to the lowest level.
Aeration of the water is facilitated by turbulence and
splashing as the water falls from one step to the next
lower step. The effectiveness of the aeration cascade
depends on the number of steps, the height of each step,
and the depth of the plunge pool at each step. Because of
its space requirements, a large cascade aerator can be a
significant cost factor in a water electrolyser arrange-
ment.

[0004] Itis therefore an object of the invention to pro-
vide a more economical way of realizing a water electro-
lyser arrangement.

[0005] This object is achieved by the claimed water
electrolysis arrangement, and by the claimed method of
performing water electrolysis.

Description

[0006] Asexplainedabove, awaterelectrolyserbreaks
down water (received through a feed inlet) into its con-
stituentgases hydrogen and oxygen, which exit the water
electrolyser through separate outlets. The hydrogen out-
let can feed into an export pipeline, for example. In the
prior art arrangements described above, the oxygen gas
produced during water electrolysis has little or no eco-
nomic value and is generally regarded as a waste pro-
duct. An oxygen outlet of a prior art water electrolyser
arrangement is generally a vent that is open to the atmo-
sphere.

[0007] According to the invention, the water electro-
lysis arrangement comprises a water electrolyser and a
water purifier assembly for installation between a raw
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water source and the feed water inlet of the water elec-
trolyser. The water purifier assembly comprises at least
an aeration means for aerating raw water. The aeration
means comprises an aeration vessel with a raw water
inlet for connection to the raw water source, and an outlet
connected to a subsequent stage of the water purifier
assembly. The aeration inlet of the aeration means is
connected to the oxygen outlet of the water electrolyser.
[0008] An advantage of the inventive water electroly-
ser arrangement is that the cost of water aeration can be
significantly reduced. For example, the inventive water
electrolyser arrangement does not need a large and
costly aeration cascade of the type described above.
Instead, the oxygen produced by the water electrolyser
is fully utilized in the important step of aerating the raw
water.

[0009] Particularly advantageous embodiments and
features of the invention are given by the dependent
claims, as revealed in the following description. Features
of different claim categories may be combined as appro-
priate to give further embodiments not described herein.
[0010] Inthe following, without restricting the invention
in any way, it may be assumed that the raw water is non-
saline, and that the raw water source is a groundwater
well or similar.

[0011] The expressions "water electrolyser" and "elec-
trolyser" shall be understood to be synonyms and may be
used interchangeably herein. In the following, without
restricting the invention in any way, it may be assumed
that the water electrolyser comprises a number of elec-
trolyser modules, for example proton exchange mem-
brane (PEM) electrolyser modules, alkaline electrolyser
modules, solid oxide electrolyser cells (SOEC), etc. The
inventive water electrolyser arrangement may be as-
sumed to also comprise a filtration stage arranged in
the feed water line. This filtration stage can be realised
as a sand filter, for example, to remove particulate and
organic impurities from the water. The inventive water
electrolyser arrangement may be assumed to also com-
prise a demineralisation stage (or "deionizing stage")
downstream of the filtration stage to remove last impu-
rities from the feed water. The demineralisation stage
may deploy suitable ion-exchange resins and/or ion-ex-
change membranes to remove mineral ions from the
filtered water. The "water purifier" of the water electro-
lyser arrangement shall be understood to comprise all
purification stages, i.e. the aeration, filtration and demi-
neralization stages.

[0012] Asexplained above, aeration of the raw water is
required in order to precipitate dissolved metal ions from
the water. To increase the effectiveness of the oxygen, in
a preferred embodiment of the invention the aeration inlet
is arranged at the base of the aeration vessel, thus
maximising the distance for the oxygen to travel as it
rises to the surface of the water. The aeration vessel can
have a suitable shape, for example an essentially cylind-
rical vessel with a heightin the order of 2 m and adiameter
in the order of 0.5 m. Preferably, the capacity of the
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aeration vessel is in the order of 500 - 5,000 litres. Of
course, the total capacity of the aeration stage can be
achieved by using two or more aeration vessels, each
connected "in parallel" to the electrolyser oxygen outlet.
[0013] Aeration of the raw water using oxygen from the
aeration inlet can be done in a number of ways. For
example, the aeration vessel can be adapted to accom-
modate a jet aerator, and the aeration inlet can feed into
the air nozzle of the jet aerator. In a preferred embodi-
ment of the invention, the aeration vessel is adapted to
accommodate a bubble aerator, and the aeration inlet is
arranged to feed into the bubble aerator. Preferably, the
bubble aerator is realized to create fine bubbles (with a
diameter less than 2 mm), for example by deploying a
suitable diffuser membrane. Since oxygenation of the
water takes place directly in the vessel, this vessel
may be referred to in the following as a "direct oxygena-
tion vessel".

[0014] The effectiveness of the aeration can depend
on the pressure of the oxygen arriving at the aeration
inlet. If the water electrolysis arrangement deploys an
electrolyser with a high operating pressure, for example
30 bar, the pressure of the oxygen being fed into the
aeration vessel is sufficient to achieve thorough aeration
of the feed water. However, the water electrolysis ar-
rangement may deploy an electrolyser with a low oper-
ating pressure. Therefore, to achieve effective aeration of
the feed water in such an embodiment, the water elec-
trolyser arrangement preferably comprises a compres-
sor between the oxygen outlet of the water electrolyser
and the aeration inlet of the aeration vessel.

[0015] The direct oxygenation vessel can achieve a
satisfactory level of aeration, depending on the quality of
the raw water input. In that case, the costs associated
with purification of the raw water are favourably low,
compared to an equivalent prior art water electrolyser
arrangement which would require a large and therefore
expensive aeration cascade.

[0016] A demineralisation stage can in principle re-
move all impurities from the feed water, but if the level
of impurity is too high, the demineralisation module will
become clogged relatively quickly, interrupting the water
treatment stage and resulting in downtime of the electro-
lyser stage. The quality of the raw water can be very poor
in some locations. For example, an iron content of more
than 1 mg per litre, or a manganese content of more than
0.1 mg per litre, is generally considered too high for a
demineralisation module. In an installation that receives
raw water with such unfavourably high levels of dissolved
metal ions, the aeration stage of the inventive water
electrolyser arrangement can be augmented by a small
aeration cascade. For example, afavourably small three-
step aeration cascade can provide sufficient additional
aeration (i.e. removal of mineral impurities through oxi-
dation and precipitation) to "top-up" the aeration level
achieved by the direct oxygenation vessel. Here, the cost
associated with purification of the raw water is still fa-
vourably low, since the combination of direct oxygenation
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vessel and a physically small aeration cascade is still less
expensive than the large aeration cascade that would be
required to aerate raw water containing high levels of
dissolved mineral ions.

[0017] The water treated in the purifier assembly can
be input directly to the water electrolyser. However, since
the flow rate of water through the purification stages may
be incompatible with the intake rate of the electrolyser, in
a preferred embodiment of the invention the purified or
demineralised water is collected in a storage tank, and
electrolysis commences after a suitable reserve of pur-
ified water has accumulated. An outlet of the storage tank
is connected to the feed water inlet of the electrolyser.
[0018] Until the electrolyser is up and running, the feed
water can be aerated in a number of ways. For example,
previously aerated water (from a different source) can be
provided in a buffer tank connected to the feed water inlet
of the electrolyser. The buffer tank can hold as much
aerated water as required for the electrolyser to start up
and commence production of gaseous hydrogen and
oxygen. Such a buffer tank in the fluid line is in any case
useful since it effectively decouples the water treatment
stage from the electrolysis stage. If the water electrolysis
arrangement includes a tank for storing purified water
after aeration, filtering and demineralisation stages as
described above, such a buffer tank can be initially filled
with aerated and purified water so that the electrolyser
can commence operation. The buffer tank is replenished
with aerated water in order to provide a steady supply of
feed water to the electrolyser in the relatively short time
frame (e.g. an hour) during which the aeration vessel is
waiting for oxygen from the electrolyser.

[0019] Alternatively or in addition, aeration can be
done using only a small cascade aerator as described
above. This would allow the electrolyser to start up,
initially at a low capacity due to the low water flow rate,
which can be increased as the electrolyser outputs oxy-
gen which in turn is used to aerate the feed water. Alter-
natively or in addition, a separate oxygen source can be
deployed during an initial stage or start-up stage. For
example, a compressed air supply can be connected to
release oxygen into the aeration inlet of the aerator.
[0020] Otherobjects and features of the presentinven-
tion will become apparent from the following detailed
descriptions considered in conjunction with the accom-
panying drawings. It is to be understood, however, that
the drawings are designed solely for the purposes of
illustration and not as a definition of the limits of the
invention.

Figure 1 shows an embodiment of the inventive
water electrolyser arrangement;

Figure 2 shows a detail of the water electrolyser
arrangement of Figure 1;

Figure 3 and Figure 4 show a further embodiment of
the inventive water electrolyser arrangement;
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Figure 5 shows a prior art water electrolyser arrange-
ment.

[0021] In the diagrams, like numbers refer to like ob-
jects throughout. Objects in the diagrams are not neces-
sarily drawn to scale.

[0022] Figure 1 shows an embodiment of the inventive
water electrolyser arrangement, comprising a purifica-
tion assembly 1 and an electrolyser 2. Araw water source
such as a groundwater well delivers raw water W, i.e.
water with impurities of various kinds. Purification of the
raw water W, commences with an aeration stage.
Here, the aeration stage comprises a direct oxygenation
vessel 10, realised as a large vessel with aninlet 101 into
which the raw water W, is pumped at a suitable rate. An
aeration inlet 102 receives gaseous oxygen O, from the
electrolyser 2, and the gaseous oxygen is allowed to rise
through the raw water W,,,, in the direct oxygenation
vessel 10, thereby increasing the level of dissolved oxy-
gen in the water. This stage contributes to purification by
allowing dissolved metal ions to combine with the dis-
solved oxygen, facilitating precipitation of such impuri-
ties.

[0023] Instead of simply allowing the received gaseous
oxygen to rise through the raw water W, in the direct
oxygenation vessel 10, solution of the oxygen in the raw
water W_,,, can be encouraged. For example, an aerator
104 can be arranged at the base of the vessel 10 as
shown in Figure 2. Here, the gaseous oxygen arriving at
the aerationinlet 102 is fed to the aerator 104. This can be
a bubble aerator as indicated here, with a diffuser mem-
brane 105 that limits the bubble size. The membrane can
be realized to produce micro-bubbles with a favourably
small diameter of less than 2 mm, for example. The
smaller bubble size reduces the rate at which the bubbles
(shown here greatly enlarged) rise through the water,
thereby increasing the likelihood of ion-bonding and pre-
cipitation.

[0024] The aerated water W, leaving through the
outlet 103 of the direct oxygenation vessel 10 proceeds
to a filtration stage 12 and a demineralization stage 13.
The demineralized water Wy, is sufficiently pure for
use as feed water for the water electrolyser 2. The
demineralisation stage 13 can be equipped with a pump
to control flow-rate and pressure of the purified water to
the electrolyser 2.

[0025] The water electrolyser 2 operates to split the
feed water Wi, into its gaseous constituents, hydro-
gen H, and oxygen O,. The economically valuable hy-
drogen H, can be output to an export pipeline. The
oxygen O, in contrast is fed back to the purification
assembly 1 and is used to aerate the raw water W,,,,
in the direct oxygenation vessel 10.

[0026] Depending onthe quality of the raw water W,
the above embodiment can achieve a sufficient level of
aeration. However, some raw water sources can have
very high levels of impurities. Figure 3 shows a further
embodiment of the inventive water electrolyser arrange-
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ment 1. Here, the purification stage 1 also includes a
small cascade aerator 11, with only a few steps, in this
case only three steps. The partially aerated water leaving
through the outlet 103 of the direct oxygenation vessel 10
is routed to the uppermost step of the cascade aerator 11.
At the base of the cascade aerator 11, the more thor-
oughly aerated water W, proceeds to the filtration and
demineralization stages 12, 13. Even though the raw
water W, is of poor quality, the demineralized water
W yemin is now sufficiently pure for use as feed water for
the water electrolyser 2.

[0027] Inthis embodiment, the purified water Wi, is
collected in a storage tank 14. An outlet of the storage
tank 14 is connected to the feed water inlet 21 of the
electrolyser 2. Electrolysis commences after a suitable
reserve of purified water Wy ,in has accumulated.
[0028] Figure 4 shows a further embodiment of the
inventive water electrolyser arrangement 1. Until the
electrolyser is up and running, previously aerated water
(from a different source) is provided in a buffer tank, in this
case the same tank that will be used as the storage tank
14 for demineralized water as explained above. The tank
14 - acting as a temporary aeration stage - can hold as
much aerated water W, as required for the electrolyser
to start up and commence production of gaseous hydro-
gen and oxygen, or can be replenished as necessary.
The aerated water W, is fed to the demineralization
stage 13, and the demineralized water Wdemin is fed to
the electrolyser 2 as explained in Figure 1 and Figure 3
above. Until the electrolyser 2 is running at capacity, the
input stages 10, 11, 12 are not used. Once the electro-
lyser 2 is generating sufficient oxygen at its outlet 23, the
aeration vessel (and cascade aerator 11) take over as
aeration stage 1,.,, and the demineralization stage 13 is
fed from the sand filter 12 instead of from the buffer tank
14. The input to the buffer tank 14 now comes from the
demineralization stage 13, and the output of the buffer
tank 14 is connected to the feed water inlet 21 of the
electrolyser 2.

[0029] Figure 5 shows a prior art water electrolyser
arrangement 5. A raw water source such as a ground-
water well delivers raw water W, i.e. water with impu-
rities of various kinds. Here, purification of the raw water
commences with aeration using a cascade 51 con-
structed to have a suitable number of wide steps to aerate
the raw water. The aerated water W, is then filtered and
demineralized as explained above, using a filter stage 52
and a demineralization stage 53, with a storage tank 54
for storing a reserve of demineralized water W yg.i.- The
cost of the cascade aerator 51 - which must be sufficiently
wide and also high enough to accommodate the required
number of steps - can be significant. The electrolyser 2
performs water electrolysis on the demineralized water
W emin @nd exports hydrogen gas in a hydrogen outlet
22. Here, electrolyser 2 is constructed to comprise a vent
23 for venting the waste oxygen to the atmosphere.
[0030] Although the present invention has been dis-
closed in the form of preferred embodiments and varia-
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tions thereon, it will be understood that numerous addi-
tional modifications and variations could be made thereto
without departing from the scope of the invention.
[0031] Forthe sake of clarity, it is to be understood that
the use of "a" or "an" throughout this application does not
exclude a plurality, and "comprising" does not exclude
other steps or elements.

Claims
1. A water electrolysis arrangement comprising

- a water electrolyser (2) with a feed water inlet
(21), ahydrogen outlet (22) and an oxygen outlet
(23); and

- a water purifier assembly (1) adapted for con-
nection between a raw water source and the
feed water inlet (21) of the water electrolyser
(2), and comprising an aeration stage (1,,,) for
aerating raw water (W,,,,);

aer

characterized in that
the aeration stage (1,,,) comprises an aeration ves-
sel (10) with

- araw water inlet (101) arranged to convey raw
water (W, )from the raw water source into the
aeration vessel (10) ;

-an aerationinlet (102) connected to the oxygen
outlet (23) of the water electrolyser (2); and

- an aerated water outlet (103) arranged to con-
vey aerated water (W) to a subsequent stage
of the water purifier assembly (1).

2. A water electrolysis arrangement according to the
preceding claim, wherein the aeration inlet (102) is
arranged at the base of the aeration vessel (10).

3. Awaterelectrolysis arrangement according to any of
the preceding claims, comprising a compressor be-
tween the oxygen outlet (23) of the water electrolyser
(2) and the aeration inlet (102) of the aeration vessel
(10).

4. Awaterelectrolysis arrangement according to any of
the preceding claims, wherein the aeration vessel
(10) is adapted to accommodate a bubble aerator
(104), and the aerationinlet (102) is arranged to feed
into the bubble aerator (104).

5. A water electrolysis arrangement according to the
preceding claim, wherein the bubble aerator (104)
comprises a diffuser membrane (105) adapted to
achieve a bubble size of less than 2 mm.

6. Awaterelectrolysis arrangement according to any of
the preceding claims, wherein the aeration stage
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10.

1.

12,

13.

14,

(1,4¢r) comprises an aeration cascade (11) arranged
between the aeration vessel (10) and the feed water
line (21).

Awater electrolysis arrangement according to any of
the preceding claims, wherein the aeration cascade
(11) comprises three steps.

Awater electrolysis arrangement according to any of
the preceding claims, wherein the water electrolyser
(2) comprises any of: a PEM electrolyser module, an
alkaline electrolyser, a solid oxide electrolyser.

A water electrolysis arrangement according to any of
the preceding claims, wherein the aeration vessel
(10) has a capacity in the order of 500 - 5,000 litres.

Awater electrolysis arrangement according to any of
the preceding claims, comprising a filtration stage
(12) arranged in the feed water line.

Awater electrolysis arrangement according to any of
the preceding claims, comprising a demineralisation
stage (13) downstream of the filtration stage (12).

Awater electrolysis arrangement according to any of
the preceding claims, comprising a demineralized
water storage tank (14) arranged in the feed water
line.

A method of performing water electrolysis using a
water electrolysis arrangement (1) according to any
of claims 1 to 12, comprising the steps of

- aerating raw water (W,,,,)using oxygen pro-
duced by the water electrolyser (2);

- conveying the aerated water (W) into the
feed line of the water electrolysis arrangement
(1); and

- performing water electrolysis on the aerated
water (Wye,).

A method according to the preceding claim, compris-
ing an initial step of providing aerated water (W)
from an alternative source until sufficient oxygen is
present in the oxygen outlet (23) of the water elec-
trolysis arrangement (1).
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