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A reference electrode (32) Is provided adjacent to an anode (238) of a membrane electrode assembly (14). The potential difference
between the reference electrode (32) and the anode (28) Is measured by a control unit (44). The control unit (44) compares the
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measured value and a map of the anode potential difference stored in the control unit (44). When the measured value indicates a

relation line which Is different from a reference line indicating that the fuel gas Is sufficient, It is judged that shortage of the fuel gas
OCCuUrs.



10

CA 02485573 2004-11-09

-20-

ABSTRACT

A reference electrode (32) is provided adjacent to an
anode (28) of a membrane electrode assembly (14). The
potential difference between the reference electrode (32)
and the anode (28) is measured by a control unit (44). The
control unit (44) compares the measured value and a map of
the anode potential difference stored in the control unit
(44) . When the measured value indicates a relation line
which is different from a reference line indicating that the
fuel gas is sufficient, it 1is Jjudged that shortage of the

fuel gas occurs.
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DESCRIPTION
METHOD FOR DETECTING UNDERSUPPLY OF FUEL GAS

AND METHOD FOR CONTROLLING FUEL CELL

TECHNICAL FIELD

The present invention relates to a method for detecting
undersupply of a fuel gas and method for controlling a fuel
cell in which the fuel gas is supplied to an anode on one
surface of an electrolyte, and an oxygen-containing gas 1s
supplied to a cathode on the other surface of the

electrolyte for performing power generation.

BACKGROUND ART

For example, a solid polymer fuel cell employs an
electrolyte electrode assembly (membrane electrode assembly)
which includes anode and cathode, and an electrolyte
(electrolyte membrane) interposed between the anode and the
cathode. The electrolyte membrane is a polymer ion exchange
membrane (proton ion exchange membrane). The electrolyte
electrode assembly is sandwiched between separators. The
electrolyte electrode assembly and the separators make up a
unit of a fuel cell. A predetermined number of fuel cells
are stacked together to form a fuel cell stack.

In the fuel cell stack, a fuel gas such as a gas
chiefly containing hydrogen (hereinafter also referred to as
the hydrogen-containing gas) is supplied to the anode. The

catalyst of the anode induces a chemical reaction of the
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fuel gas to split the hydrogen molecule into hydrogen ions
and electrons. The hydrogen ions move toward the cathode
through the electrolyte, and the electrons flow through an
external circuit to the cathode, creating a DC electric
current. A gas chiefly containing oxygen (hereinafter also
referred to as the oxygen-containing gas) is supplied to the
cathode. At the cathode, the hydrogen ions from the anode
combine with the electrons and oxygen to produce water.

Normally, the amount of fuel gas supplied to the fuel
cell 1s measured by a gas flow rate meter. The supply of
the fuel gas to the fuel cell is constantly controlled such
that the amount of the fuel gas corresponds to the load at
the time of operating the fuel cell.

When the fuel cell is used in a vehicle application, in
order to reduce the cost and size of the fuel cell, it is
necessary to operate the fuel cell without any instruments
for measuring the amount of the fuel gas supplied to the
fuel cell.

However, since there is no means for detecting whether
the sufficient amount of fuel gas for power generation is
supplied to the fuel cell or not, the shortage of the
stoichiometry (the shortage of the fuel gas) may occur
undesirably, in particular, at the time of operating the
fuel cell for the high load. Therefore, the power
generation performance is significantly low.

In an attempt to solve the problem, Japanese laid-open

patent publication No. 6-243882 discloses a method for
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stopping protection of a fuel cell power genefation
apparatus. According to the disclosure, a fuel cell stack
is regarded as a plurality of cell assemblies each including
a plurality of unit cells. The output voltages of the
respective cell assemblies are detected. When the lowest
detected voltage is decreased by a certain voltage, the
protection of the fuel cell power generation apparatus is
stopped regardless of the level of the electrical power
required for the load.

However, in the above conventional technigque, since the
fuel cell stack is divided into cell assemblies, and the
voltages of the respective cell assemblies are detected
usinQ a plurality of voltage detectors, and each of the
detected values are compared with a predetermined value

indicating a protection level. Therefore, the apparatus has

a considerably complicated structure, and is large as a

whole. . Therefore, the cost of the apparatus is high.

DISCLOSURE OF INVENTION

The present invention solve this type of problem, and
an object of the present invention is to provide a method
for detecting undersupply of a fuel gas which makes it
possible to detect shortage of the fuel gas at an anode with

a simple and economical structure.

An object of some embodiments of the present invention is to provide a

method for controlling a fuel cell such that the fuel cell

is operated in the optimum operating condition in various
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electrical current conditions with a simple and economical

structure.

According to one aspect of the present invention,
there is provided a method for detecting undersupply of a
fuel gas in power generation by supplying the fuel gas to an
anode provided on one surface of an electrolyte and
supplying an oxygen-containing gas to a cathode provided on
the other surface of the electrolyte, the method comprising
the steps of: setting a reference line (L1) showing a
relationship between a potential difference and an
electrical current, the potential difference being a
potential difference between a reference electrode provided
adjacent to the anode on the electrolyte and the anode, the
reference electrode and the anode being insulated relative
to each other; and judging that shortage of the fuel gas
supplied to the anode occurs when the potential difference
is detected as showing a relation line (L0O) different from
the reference line (Ll), wherein the reference line (L1l) 1is
a substantially a straight line, and the relation line (LO)
has a straight portion which i1s the same as the reference

line (L1) and a portion deviating from the straight line.

In the method for detecting undersupply of the

fuel cell according to the present 1nvention, a reference
line showing relationship between a potential difference and
electrical current is set. The potential difference 1is a
difference between a potential of a reference electrode

provided adjacent to an anode on an electrolyte and a
potential of the anode. When the relationship between the
detected potential difference and the electrical current
indicates a relation line which 1s different from the
reference line, 1t 1s judged that shortage of the fuel gas

supplied to the anode occurs.
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Specifically, in some embodiments, the potential
difference between the reference electrode and the anode
(hereinafter also referred to as the anode potential
difference) is measured for every load (electrical current)
of the fuel cell. At this time, when the amount of the fuel
gas supplied to the anode 1s sufficient for power generation,
the anode potential difference varies linearly. Therefore,

the linear variation 1s determined as the reference line.

In contrast, if the amount of the fuel gas
supplied to the anode 1s not sufficient, the potential
difference between the reference electrode and the anode
varies non-linearly depending on the degree of shortage 1in
the amount of the fuel gas. If the shortage of the fuel gas
(hydrogen) with respect to the electrical current in the
power generation surface of the electrolyte electrode

assembly occurs, reaction other than the decomposition

reaction of hydrogen (H, — 2H? + 2e7), for example,

decomposition reaction of water or oxidation reaction of
carbon or the like occurs easily. Therefore, it 1s presumed
that the potential in the anode gets higher than the
potential of the standard hydrogen electrode due to the
shortage of hydrogen.

Therefore, 1t is possible to easily and reliably
judge the condition of the fuel gas in the anode, 1i.e.,
whether the amount of the fuel gas is sufficient or not by
measuring the tendency in the change of the detected
potential at the reference electrode connected to the anode
(whether the change of the detected potential matches the

reference line or not).
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According to another aspect of the present

invention, there is provided a method for controlling a fuel
cell for performing power generation by supplying a fuel gas
to an anode provided on one surface of an electrolyte and
supplying an oxygen-containing gas to a cathode provided on
the other side of the electrolyte, the method comprising the
steps of: setting a reference line showing a relationship
between a potential difference and an electrical current,
the potential difference being a potential difference
between a reference electrode provided adjacent to the anode
on the electrolyte and the anode, the reference electrode
and the anode being insulated relative to each other;
judging that shortage of the fuel gas supplied to the anode
occurs when the potential difference is detected as showing
a relation line (LO) different from the reference line (L1);
and changing an operating condition of the fuel cell when it
1s judged that shortage of the fuel gas occurs, wherein the
reference line (L1l) is a substantially a straight line, and
the relation line (LO) has a straight portion which is the
same as the reference line (L1l) and a portion deviating from

the straight line.

Further, in the control method according to the
present invention, a reference line showing relationship
between a potential difference and electrical current is
determined. The potential difference is a difference
between a potential of a reference electrode provided
adjacent to the anode on the electrolyte and the anode.
Further, 1t 1s judged that shortage of the fuel gas supplied
to the anode occurs when the potential difference is

detected as showing a relation line different from the
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reference line. In some embodiments, when shortage of the

fuel gas occurs, the flow rate of the fuel gas supplied to

the anode is increased, or the electrical current 1is

decreased.

Thus, the shortage of the fuel gas 1s reliably
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detected, and the amount of the fuel gas or the electrical
current value is adjusted based on the detection result.
Consequently, with the simple and economical structure, the
control of the fuel cell is efficiently carried out, and the

utilization ratio of the fuel gas is improved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view schematically showing a fuel cell
system for carrying out a method according to an embodiment
of the present invention;

FIG. 2 is an exploded perspective view showing main
components of a fuel cell used in the fuel cell system;

FIG. 3 is a front view showing a second separator of
the fuel cell;

FIG. 4 1s a view showing relationship between the anode
potential difference and the electrical current when a fuel
gas 1s supplied sufficlently;

FIG. 5 is a view showing relationship between the anode
potential difference and the electrical current when
shortage occurs in the supply of the fuel gas; and

FIG. 6 is a flowchart showing processes for carrying
out the method according to the embodiment of the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION
FIG. 1 is a view schematically showing a fuel cell

system 10 for carrying out a method according to an
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embodiment of the present invention. FIG. 2 1is an exploded
perspective showing main components of a fuel cell 12 used
in the fuel cell system 10.

The fuel cell 12 includes a membrane electrode assembly
(electrolyte electrode assembly) 14, and first and second
separators 16, 18 sandwiching the membrane electrode
assembly 14. Seal members 19 such as gaskets are interposed
between the membrane electrode assembly 14 and the first and
second separators 16, 18, around passages and electrode
surfaces (power dgeneration surfaces) as described later.

At one end of the fuel cell 12 in a horizontal
direction indicated by an arrow B shown in FIG. 2, an
oxygen-containing gas supply passage 20a for supplying an
oxidizing gas such as an oxygen-containing gas, and a
coolant discharge passage 22b, and a fuel gas discharge
passage 24b for discharging a fuel gas such as a hydrogen-
containing gas are formed. The oxygen-containing gas supply
passage 20a, the coolant discharge passage 22b, and the fuel
gas discharge passage 24b extend through the fuel cell 12 in
a stacking direction indicated by an arrow A.

At the other end of the fuel gas in the direction
indicated by the arrow B, a fuel gas supply passage 24a for
supplying the fuel gas, a coolant supply passage 22a for
supplying the coolant, and the oxygen-containing gas
discharge passage 20b for discharging the oxygen-containing
gas are formed. The fuel gas supply passage 24a, the

coolant supply passage 22a, and the oxygen-containing gas
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discharge passage 20b extend through the fuel cell in the
direction indicated by the arrow A.

The membrane electrode assembly 14 comprises an anode
28, a cathode 30, and a solid polymer electrolyte membrane
(electrolyte) 26 interposed between the anode 28 and the
cathode 30. The so0lid polymer electrolyte membrane 26 is
formed by impregnating a thin membrane of perfluorosulfonic
acid with water, for example.

Each of the anode 28 and the cathode 30 has a gas
diffusion layer such as a carbon paper, and an electrode
catalyst layer of platinum alloy supported on porous carbon
particles. The carbon particles are deposited uniformly on
the surface of the gas diffusion layer. The electrode
catalyst layer of the anode 28 and the electrode catalyst
layer of the cathode 30 are fixed to both surfaces of the
solid polymer electrolyte membrane 26, respectively. Each
of the seal members 19 has an opening 43 for receiving the
anode 28 and the cathode 30.

The anode 28 of the membrane electrode assembly 14 has
a cutout 28a outside a power generation area 31 near the
fuel gas supply passage 24a as a fuel gas supply inlet. A
reference electrode 32 is tightly attached to the solid
polymer electrolyte membrane 26 at the cutout 28a. An end
of a lead wire 34 is connected to the reference electrode
32. The reference electrode 32 and the second separator 18
are insulated. The reference electrode 32 is made of

platinum, and has a ribbon shape, for example.
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The first separator 16 has an oxygen-containing gas
flow field 36 on its surface l1l6a facing the membrane
electrode assembly 14. For example, the oxygen-containing
gas flow field 36 includes a plurality of grooves extending
in the direction indicated by the arrow B. The oxygen-
containing gas flow field 36 is connected to the oxygen-
containing gas supply passage 20a and the oxygen-containing
gas discharge passage 20Db.

The second separator 18 has a fuel gas flow field 38 on
its surface 18a facing the membrane electrode assembly 14,
As shown in FIG. 3, the fuel gas flow field 38 is connected
to the fuel gas supply passage 24a and fhe fuel gas
discharge passage 24b.' The fuel gas flow field 38 includes
a plurality of grooves extending in the direction indicated
by the arrow B.

As shown in FIG. 2, the separator 18 has a coolant flow
field 40 connected‘to the coolant supply passage 22a and the
coolant discharge passage 22b. The coolant flow field 40
includes a plurality qf grooves extending in the direction
indicated by the arrow B. An end of a lead wire 42 is
connected to the second separator 18 as an anode separator.

Preferably, the lead wire 42 is provided at a region
where shortage of the fuel gas is likely to occur.
Specifically, it 1is desirable to provide the lead wire 42
near an outlet of the fuel gas flow field 38. When a

plurality of fuel cells 12 are stacked together, it is

desirable tTo provide the lead wire 42 on the separator at
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the deepest position from the fuel gas supply port of the
fuel gas supply passage.

As shown in FIG. 1, the fuel cell system 10 includes a
control unit 44 connected to the lead wires 34, 42 for
constantly measuring the anode potential difference between
the reference electrode 32 and the second separator 18. The
control unit 44 controls a fuel gas supply unit 46 and an
oxygen-containing gas supply unit (not shown).

The fuel gas supply unit 46 includes a fuel gas tank
48. The fuel gas tank 48 is connected to the fuel gas
supply passage 24a of the fuel cell 12 through a flow rate
control valve 50, an injector 51, and a power generation
condition measuring unit 52. The fuel gas discharge passage
24b of the fuel cell 12 is connectable to a gas intake port
of the injector 51 through a pressure control valve 54.

Next, operation of the fuel cell 12 and the fuel cell
system 10 including the fuel cell 12 will be described.

As shown in FIG. 2, a fuel gas such as a hydrogen-
containing gas is supplied to the.fuel gas supply passage
24a, and an oxidizing gas such as an oxygen-containing gas
is supplied to the oxygen-containing gas supply passage 20a.
Further, a coolant such as pure water, an ethylene glycol or
an oil is supplied to the coolant supply passage 22a.

The oxygen-containing gas from the oxygen-containing
gas supply passage 20a flows into the oxygen-containing gas
flow field 36 of the first separator 16, and flows along the

cathode 30 of the membrane electrode assembly 14. Likewise,
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the fuel gas from the fuel gas supply passage 24a flows into
the fuel gas flow field 38 of the second separator 18, and
flows along the anode 28 of the membrane electrode assembly
14.

In the membrane electrode assembly 14, the oxygen-
containing gas supplied to the cathode 30, and the fuel gas
supplied to the anode 28 are consumed in the electrochemical
reactions at catalyst layers of the cathode 30 and the anode
28 for generating electricity.

Then, the fuel gas consumed at the anode 28 is
discharge into the fuel gas discharge passage 24b, and flows
in the direction indicated by the arrow A. Likewise, the
oxygen-containing gas consumed at the cathode 30 is
discharged into the oxygen-containing gas discharge passage
20b, and flows in the direction indicated by the arrow A.

The coolant supplied to the coolant supply passage 22a
flows into the coolant flow field 40 of the second separator
18, and flows in the direction indicated by the arrow B.
After the coolant is used for cooling the membrane electrode
assembly 14, the coolant is discharged into the coolant
discharge passage 22b.

Next, using the fuel cell system 10, the method for
detecting undersupply of a fuel gas and method for
controlling a fuel cell according to the embodiment of the
present invention will be described below.

During operation of the fuel cell 12, as shown in FIG.

1, the potential of the reference electrode 32 and the
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potential of the anode 28 (second separator 18) are inputted
to the control unit 44 through the lead wires 34, 42,
respectively. The potential difference is constantly
measured. The measured values are plotted on a graph where
the abscissa axis indicates the value of the electrical
current, and the ordinate axis indicates the wvalue of the
anode potential difference. If the amount of the fuel gas
supplied to the anode 28 is sufficient for power generation,

the value of the anode potential difference changes linearly

-~ as the value of the electrical current changes as shown by a

reference line L1 (see FIG. 4). The slope of the reference
line L1 depends on electrical resistances of the anode 28
and the second separator 18.

In contrast, if the amount of the fuel gas supplied to
the anode 28 is not sufficient, the anode potential
difference varies along a relation line L0 which is
different from the reference line L1, depending on the
degree of the shortage of the fuel gas (see FIG. 5). The
difference between the reference line L1 and the relation
line LO occurs when the amount of hydrogen is small in
comparison with the amount of the electrical current flowing
on the power generation surface of the membrane electrode
assembly 14. Specifically, if hydrogen is not supplied
sufficiently, reactions other than decomposition of
hydrogen, such as decomposition reaction of water or
oxidation reaction of carbon occurs easily. Therefore, it

1s presumed that the potential in the anode 28 gets higher
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than the potential of the standard hydrogen electrode due to
the shortage of hydrogen.

Next, the method according to the embodiment of the
present invention will be described with reference to a
flowchart shown in FIG. 6.

Firstly, the power generation condition measuring unit
52 measures various power generation conditions (step S1).
Speclifically, the power generation condition measuring unit
52 measures various power dgeneration conditions such as
humidity, temperature, and pressure of the fuel gas. Then,
the control unit 44 calculates the current density of the
fuel cell 12 to determine whether the current density is
less than a predetermined value. If the calculated current
density is less than the predetermined wvalue, i.e., if the
fuel cell 12 is in operation for a high load (YES in step
S2), the control passes to step S3.

If the calculated current density is greater than the
predetermined value, i.e., if the fuel cell 12 is in normal
operation (NO in step S2), the control passes to step S4 for
comparing the reference line L1 and the actually detected
anode potential difference. Data of the reference line L1
is stored in the control unit 44 as a map.

If the relationship between the actual anode potential
difference and the electrical current is detected as the
relation line LO which 1s different from the reference line
L1, i.e., i1f there is a deviation from a straight line, and

the deviation is greater than a certain value (see FIG. 5),
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in step S5, it is determined that there is shortage of the
fuel gas (YES in step S5). Thus, the control passes to step
S6 for determining whether it is possible to increase the
flow rate of the fuel gas in the fuel cell system 10.

In the fuel cell 12, 1f it is possible to increase the
flow rate of the fuel gas (YES in step S6), the control
passes to step S7. In step S7, the control unit 44 controls
the flow rate control valve 50, and the pressure control
valve 54 and the like for increasing the amount of the fuel
gas supplied from the fuel gas tank 48 to the fuel cell 12.

If it is determined that it is not possible to increase
the flow rate of the fuel gas (NO in step S6), the control
passes to step S8. 1In step S8, it i1s determined that
whether it is possible to decrease the electrical current of
the fuel cell 12. If 1t is possible to decrease the
electrical current for the load (YES in step S8), the
control passes to step S9 for suppressing the electrical
current outputted from the fuel cell 12. If it is not
possible to decrease the electrical current for the load (NO
in step S8), the control passes to step S10 for stopping the
operation of the fuel cell system 10.

If 1t 1s determined that the fuel cell 12 is in
operation for a high load in step S2, the anode potential
difference is detected in step S3, and the reference line L1
is determined by linear approximation. Then, the processes
from step S4 will be carried out based on the newly

determined reference line L1.
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In the embodiment of the present invention, the
reference electrode 32 1is provided at the anode 28. The
potential difference between the reference electrode 32 and
the second separator 18 as the anode separator is constantly
measured by the control unit 44. The measured valued is
compared with the map of the anode potential difference,
i.e., the reference line Ll. The map of the anode potential
difference is stored in the control unit 44. 1In this

manner, the shortage of the fuel gas in the anode 28 is

reliably detected.

Thus, with the simple structure and control, the
judgment as to whether the amount of the fuel gas is
sufficient or not can be carried out accurately. Therefore,
the air flow rate meter which has been used in the
conventional system is not required. Accordingly, it is
possible to produce a compact fuel cell system 10
economically, and the utilization ratio of the fuel gas is
improved. Further, the desired power generation performance
of the fuel cell 12 1is reliably maintained.

Further, in the embodiment of the present invention,
when 1t is detected that the amount of the fuel gas is not
sufficient, the flow rate of the fuel gas is increased,‘or
the electric current is decreased, for example. Thus, the
control of the fuel cell 12 is carried out simply and
efficiently with the simple structure. The fuel cell 12 is
operated in a suitable condition, and the desired power

generation performance 1s maintained.
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INDUSTRIAL APPLICABILITY

In the method for detecting undersupply of a fuel gas
according to the present invention, a reference line
indicating relationship between the potential detected at
the reference electrode connected to the anode and the
electrical current is determined. When the detected
potential and the electrical current shows a relation line
different from the reference line, 1t is determined the
shortage of the fuel gas occurs at the anode.

Thus, with the simple control and structure, the under
supply of the fuel gas is reliably detected, and the
utilization ratio of the fuel gas is improved.

Further, in the method for controlling the fuel cell
according to the present invention, when undersupply of the
fuel gas is detected at the anode, the flow rate of the fuel
gas supplied to the anode is 1increased, or the electrical
current is decreased. Thus, the utilization ratio of the
fuel gas is effectively improved. The fuel cell can be
operated in the optimum operating condition in various

electrical current conditions.
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CLAIMS:
1. A method for detecting undersupply of a fuel gas

in power generation by supplying the fuel gas to an anode
provided on one surface of an electrolyte and supplying an
oxygen-containing gas to a cathode provided on the other

surface of the electrolyte, the method comprising the steps

of :

setting a reference line (L1l) showing a
relationship between a potential difference and an
electrical current, the potential difference being a
potential difference between a reference electrode provided
adjacent to the anode on the electrolyte and the anode, the

reference electrode and the anode being insulated relative

to each other; and

judging that shortage of the fuel gas supplied to
the anode occurs when the potential difference 1s detected

as showing a relation line (LO) different from the reference

line (L1),

wherein the reference line (L1l) is a substantially
a straight line, and the relation line (LO) has a straight

portion which 1s the same as the reference line (L1l) and a

portion deviating from the straight line.

2. The method according to claim 1, wherein the

reference electrode 1s provided adjacent to a fuel gas

supply 1inlet.

3. The method according to c¢laim 1 or 2, wherein the
reference line (L1l) 1s stored as a map, and a new reference
line (L1l) is determined by linear approximation when current

density at the time of power generation is calculated and
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the calculated current density 1s less than a predetermined

value.

4 . A method for controlling a fuel cell for
performing power generation by supplying a fuel gas to an
anode provided on one surface of an electrolyte and
supplyling an oxygen-contalining gas to a cathode provided on
the other side of the electrolyte, the method comprising the

steps of:

setting a reference line showing a relationship
between a potential difference and an electrical current,
the potential difference being a potential difference
between a reference electrode provided adjacent to the anode
on the electrolyte and the anode, the reference electrode

and the anode being insulated relative to each other;

judging that shortage of the fuel gas supplied to
the anode occurs when the potential difference is detected
as showlng a relation line (LO) different from the reference

line (Ll1); and

changing an operating condition of the fuel cell

when it i1s judged that shortage of the fuel gas occurs,

wherein the reference line (L1l) is a substantially
a straight line, and the relation line (LO) has a straight
portion which is the same as the reference line (L1l) and a

portion deviating from the straight line.

5. The method according to claim 4, wherein the
reference electrode 1s provided adjacent to a fuel gas

supply inlet.

6 . The method according to claim 4 or 5, wherein the

step of changling operating condition of the fuel cell
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comprises the step of increasing the flow rate of the fuel

gas.

7. The method according to claim 4 or 5, wherein the
step of changing operating condition of the fuel cell

5 comprises the step of decreasing electrical current.

8 . The method according to claim 4 or 5, wherein the
step of changing operating condition of the fuel cell

comprises the step of stopping operation of the fuel cell.

9. The method according to any one of claims 4 to 8,

10 wherein:

the fuel cell comprises the anode, the electrolyte,
the cathode, a first separator on the cathode and a second
separator on the anode, so that the first and second
separators sandwich an electrolyte electrode assembly formed

15 of the anode, the electrolyte and the cathode;

the reference electrode is attached to the

electrolyte and 1s insulated from the second separator; and

the potential difference 1s measured between the

reference electrode and the second separator.

20 10. The method according to claim 9, wherein the
reference electrode 1is provided in a cutout of the anode

formed outside a power generation area of the anode.

11. The method according to any one of claims 1 to 10,

wherein the electrode is a polymer ion exchange wmembrane.

25 12, The method according to any one of claims 1 to 11,

wherein the reference electrode is a platinum ribbon.
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