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Bipolar membrane electrode assembly for fuel generation

FIELD OF THE INVENTION

The present invention is in the field of forming a
chemical fuel, such as by electrolysis of water thereby form-
ing hydrecgen.

BACKGROUND OF THE INVENTION

The present inventicn is in the field of forming a
chemical fuel, such as by electrolysis of water thereby form-
ing hydrogen. Alternative apprcaches relate to forming hydro-
gen also a hydrocarbon, syngas, and an alcohol may be formed.
Based on readily available fluids these chemical fuels can be
produced. A source Ifor e.g. the electrolysis may be solar ra-
diation.

Electrolysis of a species as water relates to decom-
position of the species (water) into its constituents (oxygen
and hydrogen) by providing an electric current through said
species. Thereto the species is typically in fluid form. In
case of water an objective is to produce hydrogen. Electroly-
sis can be used to skim off excess power, such as from wind
energy.

It is noted that at this point in time production of
hydrogen from water is considered not competitive. There are
various productiocn methods, such as steam reforming, produc-—
tion of hydrogen from hydrocarbons, biological production,
various forms of electrolysis, photo electrocchemical water
splitting, by concentrating solar energy, catalytic produc-
tion, etc.

EP 0 459 820 A2 recites a bipolar membrane compris-
ing a cation-exchange membrane closely adhered to an anion
exchange membrane in which cation-exchange groups present at
least at the adhered surface c¢f the cation exchange membrane
have been ion-exchanged with a heavy metal ion, has a water
splitting current efficiency of not less then 80% and a water
splitting membrane potential of not more than 2.0 V.

Some documents recites water-splitting devices.

US 2007/023290 A recites an electrochemical cell
comprising an ion exchange membrane having anion and cation
exchange materials. The membrane can have separate anion and
cation exchange layers that define a heterogeneous water-

splitting interface there between. In one version, the mem-
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brane has a textured surface having a pattern of texture fea-
tures comprising spaced apart peaks and valleys. The mem-
branes can also have an integral spacer. A cartridge can be
fabricated with a plurality cf the membranes for insertion in
a housing of the electrochemical cell. The housing can alsc
have a detachable lid that fits c¢cn the cartridge. The elec-
trochemical cell can be part of an ion controlling apparatus.

The above two documents relate at the best to a mem-
brane, but not tc a fuel generating systemnm.

CN 102 912 374 A2 recites an electrochemical reduc-
tion CO, electrolytic tank using a bipolar membrane as a dia-
phragm and an application of the electrochemical reduction
CO; electrolytic tank. The electrolytic tank comprises a

cathode electrolysis compartment, catholyte, an anode elec~

trolysis compartment, anolyte and the bipolar membrane for
dividing the cathode electrolysis compartment and the ancde
electrolysis compartment. The electrode materials of the
cathode electrelysis compartment include Pb, In and Cu etc.,
and the cathelyteis an alkaline agqueous solution; and the
electrode materials of the anode electrolysis compartment in-
clude Pt and Pd etc., and the anolyte is an acidic agueous
solution containing iodate. The hydroxy radicals in the cath-
ode electrolysis compartment and the protons in the anodic
electrolysis compartment are diffused to the bipolar membrane
to generate water sc as tc form a voltage drop, so that the
working voltage in the electrolytic tank is reduced. Compared
with an anodic reaction that water and the electricity are
oxidized to generate oxygen, the iodide ions are oxidized to
generate an icdine elementary substance with low potential,
small over-potential and gquick dynamic process, so that the
working voltage in the electrolytic tank is further reduced.
COz is electrically reduced in a cathode compartment so as to
generate small molecular fuels, such as formate, methanocl,
and methane; and the icdide ions are electrically oxidized to
generate the elementary substance iodine in an anocde compart-
ment.

Some typical issues with prior art systems and pro-
cesses are losses in yield, having various causes. Also, when
gasses are produced, mixing of gasses is sometimes difficult

to prevent. Further, selectivity towards a desired end prod-
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uct of a given process is coften limited. And typical cata-
lysts used can not be operated optimally.

The present invention therefore relates toc an im-
proved process and system for generating chemical fuels,
which solve one cr more of the akove problems and drawbacks
of the prior art, prcviding reliable results, without Jjeop-
ardizing functionality and advantages.

SUMMARY OF THE INVENTION

The present invention relates to a system for pro-
ducing a chemical fuel according to claim 1, and a method of
making said chemical fuel according to claim 13.

In the present system use is made of a physical dou-
ble layer structure (also referred to as “double layer”),
such as a bipolar membrane. The double layer structure com-
prises two layers directly attached to one and another. Ad-
vantages of using a double layer structure with an attached
electrode are; that the double layer structure provides a
physical support layer for an embedded electrode, and mini-
mizes the thickness cf the electrode; the double layer struc-—
ture and embedded electrode have a negligible distance be-
tween the structure (or put different, are physically at-
tached or connected to one and ancther; see e.g. fig. 1),
which supplies proteons, and the electrode, which is found to
minimize ohmic losses; the double layer structure acts as a
barrier for the prcduced species (oxygen) at one side and the
produced products (e.g., hydrogen, syngas) at another side of
the structure. The pricr art cited above does not have any
electrode attached to the double layer structure. Clearly the
numbering cf specific elements of the present system may be
reversed and is therefore not limiting. Hence, the electrodes
can be positicned close together without mutual mixing of the
produced gasses, which is found to further decrease ohmic
losses; the double layer structure enables to use different
electrolytes at either side, or to even use a gaseous phase
at one side. Hence, the supply of species, e.g. CO, and H;0,
can be tuned in a1l ratics, which directly influences the
product selectivity; the double layer structure creates an
extreme pH-difference, which allows the cathode to operate in
acidic conditions and the anode to operate in alkaline condi-
tions; the double layer in an example chemically/physically
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separates & base being present at one side thereof from an
acid being present at another side thereof. This is found fa-
vourable for common sarth abundant catalysts, such as Ni-
based oxygen evolution catalysts, while CO and H,; production
are promoted at low pH; the anion-cation layered structure
creates a strong barrier for any other ions than H' or OH .
This feature is found to minimize contamination of the cath-
ode with dissolved species of the anodic compartment and
therefore increases the stability of the system.

The present double layer structure, in an example
the present bipoclar membrane, is typically not electrically
conducting, or in an alternative having a high ohmic re-
sistance (i.e. being an electrical insulator).

In the present description the term “attached” indi-

cates that an area of a first element e.g. an electrode is at
a negligible distance of an area of a second element e.g. a
double membrane, stays at such a distance if a small force is
applied to detach the elements, such as a force of two times
gravity; i.e. 1f a first element is fixed the second element
does not fall of if exposed to gravity. Attachment can be
achieved by e.g. forming a second element from a solution or
gas on the first element, such as by chemical reaction, by
deposition, by (thermo-)pressing the first element on the
second element, by applying an acdhesive, and vice versa. The
attachment can be established over a full area of the smaller
of the two elements, or over a part thereof. Attachment may
be disrupted, e.g. due to a sub-optimal attachment process,
the nature of an element, incompzatibility of elements, etc.

The present chemical fuel can in principle be any
fuel that can be made from fluids by electrolysis:; the fuel
provides energy when it is cxidized.

The present system relates tc a stack-like structure
of various components. The stack may be in any suitable form,
such as a stack, a tube-like stack, etc. The first electrode
and first compartment are in ionic contact, hence adjacent to
one and another. The first electrode may in principle be any
electrode capable of oxidizing the first fluid being present
in the first compartment. The electrode optionally is high
surface/volume electrode.

With the term “fluid” any gaseous or liquid is indi-
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cated. With the term “adjacent” it 1s implied two elements
that are adjacent are in direct or indirect contact with one
and ancther

In the present system the first and second compart-
ment are physically separated by a double layer structure,
such as a bipolar membrane. The dcocuble layer structure com-
prises two layers, a first layer adjacent to and in contact
with the first fluid cr first electrode, acting as an anion
exchange layer (AEL), and a second layer adjacent to and in
contact with the cathode, acting as a cation exchange layer
(CEL). The first electrode may therefore be attached to the
present dcouble layer structure, or, in an alternative, may be
separated from the double layer structure by the first fluid
in the first compartment. Optionally a further layer may be

present. The AEL and CEL are typically parallel and adjacent
to one and another, and in an example in contact with one and
another. In an example of the double layer structure a bipo-
lar membrane is used. The double layer acts as a barrier at
least for oxidized species.

With respect to the present bipolar membrane the
feollowing is ncted. A bipoclar membrane is typically applied
in the production of acid and base. Occasionally, a bipolar
membrane has been used for microbial fuel cells and fuel
cells, which processes are different from the present tech-
nology. For example, the water is not being dissociated when
using it in a fuel cell, but instead H and OH™ recombine to
water in this case. This i1s considered an important differ-
ence, not only because the process is opposite in goal (e.g.
making water versus the present splitting water), but also
because water will be accumulated in the interfacial layer in
the bipolar membrane, which causes blistering and high elec-
trical resistance of the membrane; hence the bipolar membrane
is not suitable in this respect. On the contrary, in the pre-
sent techneology, the bipolar membrane remains stable.

A bipolar membrane has been reported for fuel pro-
duction, but in both cases there was no electrode attached to
the membrane. In both cases, an aqueous solution was applied
at both sides of the bipolar membrane.

The present system further comprises a second elec-

trode, which is attached to the CEL, that is in ionic contact
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with said layer and adjacent to said layer.

The first electrode is typically the ancde, whereas
the second electrode is typically the cathode.

Adjacent toc the second electrode a second compart-
ment for reduction is present, the compartment comprising a
second fluid for reduction in cation exchange contact with
the second electrode. The second electrode and second com-—
partment are in ionic contact, hence adjacent to one and an-
other. The second electrode may in principle be any electrode
capable of reducing the second fluid being present in the
second compartment.

In order to provide electrical power a power source
in electrical contact with the first and second electrode is
provided. The power source can retrieve its power in princi-
ple from any electrical power source; if a DC source is used
preferably a transformer is provided.

With the present system chemical fuels can be gener-
ated using electrochemical reduction and oxidation. The most
common example therecof is the oxidation and reduction cof wa-
ter, where hydrogen and oxygen are evolved. As an alterna-
tive, CO; can be reduced, together with water oxidation, to
obtain carbon monoxide. As a third example, the combination
of these reactions can yield hydrocarbons, which can be used
as fuel.

The present system provides a stable and selective
reaction at high rate, using e.g. a system with a bipolar
membrane and an embedded electrcde in this membrane. A possi-
ble design of such a system 100 is described in Fig. 1.

The present invention provides design flexibility.
Several variations on the present system can be created. In
particular, the use of tubular membranes, with a gas phase
inside the tube, is considered. The tube may be cylindrical
(circular cross-~section}, polygonal cross-sectional, such as
square, rectangular, triangular, hexa-angular, oval, etc. It
provides the following advantages:

- It allows a pressurized gas phase as tubes allow a large
pressure difference over the membrane.

- The tube provides a relatively short average distance for
an arbitrary molecule/atom in the fluid to the electrode;

similar, it provides a relatively large area with respect to
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the volume. This is in particular beneficial when the gaseous
phase is filled with a porcus conductive material, as a
charge collector for the cathode. For example, porcus carbon
(graphite) can be used te fill the tubes.

- The tube allows selecticon cf a larger or smaller area for
the cathode compared to the anode, respectively. This is con-
sidered beneficial 1f cne of the two electrodes is limiting
for the process selected.

- A limited number of tubes provides the possibility of hav-
ing a solar panel behind the system, even when the bipolar
membranes and cathodes are not transparent. Only a part of
the light is interrupted by the tubes, while light can freely
pass at the positions where no tube interrupts the light.

Thereby the present invention provides a solution to
one or more of the above mentioned problems and drawbacks.

Advantages of the present description are detailed
throughout the description.

DETAILED DESCRIPTION CF TEE INVENTION

The present invention relates in a first aspect to a
system for producing a chemical fuel according to claim 1.

In an example of the present system the first fluid
is an agqueous solution, such as comprising a hydroxide, or a
gas.

In an example of the present system the double layer
is a bipolar membrane.

In an example of the present system the second fluid
is a gas, such as hydrogen, carbon monoxide, carbon dioxide,
and combinations therecof.

In an example of the present system the first f£luid
provides hydrogen icons, in order to make a chemical fuel
thereof.

In an example of the present system the second fluid
provides a carbon dioxide molecule.

In an example of the present system the power socurce
is a PV-source, such as a PV-element attached to the first
electrode (adjacent to the first liquid) and/or a PV-element
attached to the second electrode. As such integration with
present PV-systems can be made withcout any difficulty.

In an example of the present system the double layer

is curved, such as a tube, wherein the anion exchange layer
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is on a convex side of the double layer and the cation ex-
change layer is on a concave side <f the double layer.

In an example of the present system the concave side
is filled with a porous material, such as with carbon.

In an example of the present system a first elec-
trode (70) comprises Ni or NiFe. The present system provides
herewith as further advantage that good affordable materiais
as Ni and Fe can be used without a risk of depocsition of
these materials on a second electrode {cathocde).

In an example of the present system a second elec-
trode (60) comprises at least one of Cu, Pt and Ag.

In a second aspect the present invention relates to
a method of producing a chemical fuel according to claim 13.
The method comprises the steps of providing a system accord-
ing to the invention, having a suitable first fluid and a
suitable second fluid, and preducing a chemical fuel, the
chemical fuel being selected from hydrogen, a hydrocarbon,
CO, a combination of CO and Hz, such as syngas, an alcohol,
and combinations therecf. The production is established under
suitable conditions. In an example a Faradaic efficiency
(€cutput/€input * 100%) results in at least 30% selectivity of
the producticn of CO. In an example a Faradaic efficiency
results in at least 50% selectivity of the production of for-
mic acid.

In an example of the present method the electric
power is provided by at least one PV-system. As can be seen
from e.g. fig. 1 integration of a PV-element within the pre-
sent system is now possible.

In an example of the present method cne or more of a
cathode area, an ancode area, a number of electrodes, a ratio
between to be oxidized first fluid and to be reduced second
fluid, and product selectivity, are tuned. Therewith reaction
conditions and as a consegquence e.g. yield and selectivity
are further optimized.

In an example of the present method the cathode op-
erates in acidic conditions, the pH preferably being between
i-7, more preferably between 3-6.5, such as 4-6 or 5, and/or
wherein the anode operates in basic conditions, the pH pref-
erably being between $-14, more preferably between 10-13.5,
such as between 11-13. Acidic conditions typically relate to
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a pH<6, more typically a pH<4, depending on the chemical spe-
cies involved, whersas the basic conditions typically relate
to a pH>%9, more typically a pH>10. In an example acidic con-
ditions are a pH of 6.5 and basic conditions are a pH of 14;
this is ceonsidered a unique feature cof the present system, as
priocr art systems typically operate at much larger pH-
differences c.q. gradients. In other words, under relatively
mild conditions the present system provides good yields. In
an example, involving CO;, the acidic conditions are a pH of
5-6.5. At this pH a relatively large concentration of CO; can
be present, whereas the C0; is typically present as HCO5 ,
which is a favourable species in view of yield.

The c¢ne or more of the above examples and embodi-

ments may be ccombined, falling within the scope of the inven-

tion.

EXAMPLES

The below relates to examples, which are not limit-
ing in nature.

With reference to figure 3 the following experi-
mental verification was obtained under the following condi-
tions:

A cathode 60 was made from a copper wire mesh, cut
in a round shape with a diameter of approximately 5 cm and a
weight of 0.98 gram. The cathocde was attached to the present
membrane 50 by positioning the copper mesh on top of the bi-
polar membrane and pipetting approximately 2 mL Nafion solu-
tion (5% w/w, dissolved in lower aliphatic alcochols and wa-
ter) on the same bipolar membrane with copper mesh. After 1
hour, the solvent was evaporated, leaving the copper mesh at-
tached to the bipclar membrane due to the dried Naficn poly-
mer. See figure 3 for an illustration of this process. This
method is only one example to create a membrane electrode as-
sembly (MEA); other methods for attaching the cathode in the
bipclar membrane are possible as well.

An anode 70 was made of a Ti plate with a Pt coat-
ing, prepared by magnetron sputtering. This anode was situat-
ed in a first compartment 31 filled with 1 M KCH and had a
geometric area of approximately 4 cm®. A second compartment
32 was separated from the first compartment by using a bipo-

lar membrane, in which the anion exchange layer was facing
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the anode and the cation exchange layer was attached to the
cathode as described previously. The second compartment,
which was i1n contact with the cathode, was filled with either
CO; gas (99.995% pure) or 0.1 M KHCO:; (99.995% pure) solution
that was continuously purged with CO; gas. In all cases, the
CO; gas flow was 4 mL/min. An Ag/AgCl (Radiometer) reference
electrode 21 was installed at the anodic compartment 31 via a
capillary 21a that was positioned at approximately 1 mm dis-
tance from the anion exchange layer 51 cof the bipolar mem-
brane 50. The potential between this reference electrode and
the cathode was controlled using a potenticstat 24 (Princeton
Applied Research)}, applying -1.9 V at the cathode versus the
Ag/AgCl reference electrode, which corresponds to -0.9 V ver-

sus reversible hydrogen electrode (RHE). The current was

measured with the same potentiostat. The effluent gas compo-
siticn from the cathodic compartment 32 was measured using
gas chromatography (GC, ThermoScientific) and is vented after
measuring. The setup is illustrated in Figure 4.

The temperature in these experiments was 25 (£2)°C,
and the pressure was near atmospheric (100 kPa) (strictly
speaking a slight overpressure to circulate the gas flow).

For comparison reascons, the same cell was construct-
ed using a copper cathode of the same size that was not at-
tached to the bipolar membrane, but at approximately 10 mm
distant from the bipolar membrans. A solution of 0.1 M KHCO;
was used in the cathodic compartment. All other elements were
equal to the cases where the cathode was attached to the bi-
polar membrane.

The performance ¢f these prototypes is indicated by
the current density and the fuel prcduction rates, in this
case measured by CO and H; output concentrations. Figure 5
shows the current density (mA/cm?) as a function of time (h),
when appiving -0.% V vs RHE tc the cathode for Cu in HCO;3™
{(bottom line), for BPM MEA in HCO:z {middle fluent line) and
for BPM MEAR in CO; gas (middle irregular line). Figure ©
shows the concentrations for the products CO and H; in the
effluent gas, for the same cases as shown in Figure 5.

Figure 6 shows that the yield of fuel products (H;
and CO in parts per thousand/million, respectively) as a

function of time (h) using a HCO3; sclution is significantly
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higher for the BPM MEA case (top line) and when the cathode
is attached to the bipclar membrane (BPM} compared to the
reference case (bottom line) when the cathode is not attached
to the bipolar membrane. This higher vyield is also reflected
in the current density (Figure 5), which is higher for the
BPM MEA in HCOs; compared to the Cu electrode that was not at- -
tached to the BPM.

The case in which the membrane electrode assembly
(MEA) 1s operated in & gasecus C0C; envircnment has a higher
current density than the reference case and shows much higher
yieid for H; as well. The CO yieid is lower than for the oth-
er cases, but slightly increases over time, whereas the pro-
duction rate fcr the reference case decreases over time.
Therefore, it 1is found that operation in gasecus environment
also has a higher yield in the long term than the reference
case. Moreover, the reference case, where the Cu is not at-
tached to the membrane, cannot operate in a gaseous environ-
ment at all, because a closed electrical circult cannot be
realized without the use of water in the reference case.

The invention is further detailed by the accompany-
ing figures, which are exemplary and explanatory of nature
and are not limiting the scope of the invention. To the per-
son skilled in the art it may be clear that many variants,
being obvious or not, may be conceivable falling within the
scope of protection, defined by the present claims.

FIGURES

The invention although described in detailed explan-
atory context may be best understood in conjunction with the
accompanying figures.

Fig. 1 shows an illustration of bipolar membrane
with embedded cathode.

Figure 2: System design with bipolar membrane and
embedded electrode in tubular shape and a photovoltaic (BV)-
panel at the back side.

Figure 3: a method for attaching cathode to bipolar
membrane. CEL and AEL represent the cation exchange layer and
anicn exchange layer, respectively.

Figure 4: illustration of experimental setup. The
anion exchange layer 51 and cation exchange layer 52 are to-

gether referred as the bipolar membrane 50.
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Figure 5: current density as a function of time, at
fixed cathode potential of -0.9 V vs RHE, for the bipoclar
membrane with ettached Cu electrode (BPM MEA) in CO; gas, in
0.1 M HCO;, and a Cu electrode (in 0.1 M HCOz ) that was not
attached to the bipclar membrane as a reference case.

Figure 6: fuel production rate, indicated by the H:
and CO preduct concentrations in the effluent gas, for the
same cases as in figure 3.

DETATLED DESCRIPTION OF THE FIGURES

In the figures:

100 water splitting device

21 reference electrode

2la capillary

24 potentiostat

31 first compartment

32 second compartment

40 power source

50 bipoclar membrane

51 anion exchange layer (AEL)
52 cation exchange layer (CEL)
60 second electrode (cathede)
70 first electrode {anode)

80 tube

91 first solar system

92 second solar system

Fig. 1 shows an illustration of a system 100 having a bipclar
membrane with embedded cathode. Therein a bipolar membrane
50, having an anicn exchange layer (AEL) 51 and a cation ex-
change layer (CEL) 52, a cathode 60 attached to the CEL, a
first compartment 31 adjacent to the AEL, a second compart-
ment 32 adjacent toc the cathode, and an anode 70 adjacent to
the first compartment. It is used for CO, reduction (in gas
phase) to CO and H; (syngas). The same system could be ap-
plied for water splitting (i.e., only H; and O, evoluticn).
Alsc an aqueous phase at both sides of the membranes is pos-
sikble.

In figure 1A (left side} a typical system set-up is
shown. On a top side a power scurce is indicated, connected
to the anode (left) and cathede (right). In the agueous left
side oxygen 1is generated (top left) and removed from the sys-
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tem. The membrane allows passage of hydrogen. On a right side
carbon dioxide (top right) is provided, and syngas and water
are generated.

In figure 1B (right side) a section of fig. 1A is
enlarged. Therein the aqueous solution, comprising K and OH,
the AEL, the CEL, the cathode, and the gas phase are shown)
from left to right}). In the gas phase further H, is generat-
ed.

Figure 2: System design with a bipolar membrane and
embedded electrode in a tubular shape and an optional photo-
veltaic (PV)-panel at the back side. Light is absorbed by the
photo anode and remaining light is absorbed by the PV-panel.
This drives a redox reaction, in this case of CO, reduction
and H; evoluticon. Combination with an additional power supply
are possible as well.

In fig.2, from the inside to the outside a tube 80
is shown, ccmprising a compartment 32 with a gas phase with
carbon dioxide and carbon monoxide, the tube comprising an
cathede 60, attached to the cathode a CEL 52, an AEL 51, the
tube-structure being in an aquecus solution 31, comprising
water. In the aqueous sclution an anode 70 is provided. In an
example the anode is connected to a (first) solar system 91,
whereas, as an alternative ¢r in combination, & second solar
system 92 1s provided in contact with the cathode. As such
use can be made of light for generating a chemical fuel.

The figures have been detailed throughout the de-

scripticen.
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CLAIMS

1. System (100) for prcducing a chemical fuel, com-
prising a stack like structure, the stack comprising
a first electrode (70), typically an ancde,
adjacent tc the first electrode a first compartment (31), the
compartment ceomprising a first fluid for oxidation,
adjacent to the first compartment or first electrode, a dou-
ble layer structure (50), the double layer zacting as a gas
barrier, having

an anion exchange layer (51) at an anode side and in
anion exchange contact with the first fluid, and

a cation exchange layer ({52) adjacent to the anion
exchange laver,
a second electrode (60} attached to said cation exchange lay-
er, typicelly a cathode,
adjacent to the second electrode a second compartment (32)
for reduction, the compartment comprising a secend fluid for
reduction in cation exchange contact with the second elec-
trode, and
a power scurce (40) in electrical contact with the first and
second electrode.

2. System according to claim 1, wherein the first
fluid is an agquecus sclution or a gas.

3. System according to any cf claims 1-2, wherein
the double layer ({50) 1s a bipolar membrane.

4. System according to any of claims 1-3, wherein
the second fluid is & gas.

5. System according to any of claims 1-4, wherein
the first fluid provides hydrogen ions.

6. System according to any of claims 1-5, wherein
the second fluid provides a carbon dioxide molecule

7. System according to any of the preceding claims,
wherein the power scurce (40) is a PV-source (981,8%2), such as
a PV-element attached to the first electrode (adjacent to the
first liguid)

8. System according to any of the preceding claims,
wherein a PV-element is attached tc the second electrode.

9. System according to any of the preceding claims,

wherein the double layer (50) is curved, such as a tube,
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wherein the anion exchange layer (51} 1s on a convex side of
the double layer and the cation exchange layer {52) is on a
concave side of the double layer.

10. System according to claim 9, wherein the concave
side is filled with a porous material, such as with carbon.

11. System according to any of the preceding claims,
wherein a first elecircde (70) comprises Ni or NirFe.

12. System according to any of the preceding claims,
wherein a second electrode (60) comprises at least one of Cu,
Pt and Ag.

13. Method ¢f producing a chemical fuel, comprising
the steps of

providing a system (100) according tec any of claims
1-12, having a suitable first fluid and a suitable second
fluid,

and producing a chemical fuel, the chemical fuel be-
ing selected from hydrogen, a hydroccarbon, CO, syngas, an al-
cohol, and combinations therecf.

14. Method according to claim 13, wherein the elec-
tric power is provided by at least one PV-system (91,92).

15. Method according to claim 13 or 14, wherein one
or more of a cathode area, an ancde area, a nunber of elec-
trodes, a ratio between to be oxidized first fluid and to be
reduced second fluid, and precduct selectivity, are tuned.

16. Method according to any of claims 13-15, wherein
the cathode operates in acidic conditions, the pH preferably
being between 1-7, more preferably 5-7.

17. Method according to any of claims 13-16, wherein
the ancode operates in basic conditions, the pH preferably

being between 9-14.
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