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Method and regulation apparatus for regulating a fuel cell or a fuel cell

stack

The invention relates to a method and to a regulation apparatus for
regulating a fuel cell or a fuel cell stack in accordance with the preamble
of claim 1 or the preamble of claim 9 as well as to a fuel cell, to a fuel cell
stack and to a fuel cell system in accordance with the preamble of claim

12.

Fuel cells, in particular high-temperature fuel cells of the SOFC (solid
oxide fuel cell) type, allow a utilization of energy of a fuel through an
energy conversion. In this respect, both electric energy, which is
generated on the basis of electrochemical processes, and thermal energy,
which arises in the form of hot waste gases, can be utilized. Gaseous
flows of two reactants are conducted separately through the cells. The
first reactant, which is in particular environmental air, contains
oxidizing components; the second reactant reducing components. A gas
containing methane (e.g. natural gas) is advantageously used as the
second reactant which is conducted through a reformer before the entry
into the cells and is there converted into the reducing components of
hydrogen and carbon monoxide by means, for example, of an additional
infeed of water and optionally air and while supplying process heat. The
hot waste gas can advantageously be used as the source for the process

heat required in the reformer.

A method for operating a fuel cell battery is known, for example, from
document EP 1 205 993 Al. In this method, a regulation of the fuel cell

battery dependent on the power requirements is described.

In practice, fuel cells and fuel cell stacks are usually operated in the

vicinity of the maximum performance which can be achieved for a given
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fuel gas flow since the fuel gas utilization is best there. Fig. 1 shows a
typical power-current curve of a fuel cell. At the current valueI =1,
100% of the available fuel gas is consumed. Below the maximum power
Pmax, the fuel gas utilization and the powers drop (range @ in Fig. 12),
whereas an operation above the maximum power results in increased to
catastrophic aging due to electrochemical oxidation of the anode (range
® in Fig. 1). For safety reasons, an operating point just below the
maximum power is usually aimed for. This choice of the operating point

corresponds to range @ on the power curve shown in Figure 1.

In conventional processes for regulating a fuel cell stack, either the
current or the output voltage is kept constant in the vicinity of the
maximum power. In both methods, the fuel cell and the fuel cell stack
are not always operated in the ideal range @ shown in Figure 1. These
two methods are, however, easy to realize from a technical regulation
aspect and have proven themselves for measurements under the

operating conditions present in laboratories.

In practice outside the laboratory, the operating conditions are more
complex since a series of influencing factors which influence the

operating point are known less exactly than in the laboratory:

e Internal resistance or, in a fuel cell stack, layer resistance: This
influences the ideal operating point, but is not known due to
fluctuations in the manufacturing quality and above all, however,
due to the increase in the internal resistance or layer resistance

with the operating time (aging of the fuel cell).

e Varying fuel composition (natural gas qualities). In the laboratory,

fuel cells are usually operated with precisely defined fuel gases (e.g.
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hydrogen or methane) or the gas quality is monitored when natural
gas is used. Outside the lab, the devices are operated using natural
gas from the local natural gas grid. Since the natural gas comes
from different sources, the composition can fluctuate locally and

over time.

¢ Gas flowmeters: Flowmeters used in fuel cell systems are inferior to
laboratory instruments in measurement accuracy since usually

less expensive flowmeters are used.

e Leaks in the fuel cell stack: Some of the fuel gas is converted
without it being available for electricity generation due to smaller
leaks in the fuel cell stack. The exact value is not known in

operation and can vary over time.

Independently of the selected operating mode, it must absolutely be
avoided that the fuel cells are operated above the power maximum. This

would result in damage to the cells or to increased degradation rates.

Different regulation and control strategies are used in dependence on the
conditions of use. If the fuel cell can always be operated under constant
conditions such as are present in the laboratory, for example (constant
fuel gas quality, temperature, humidity, etc.), a regulation of the current
is to be preferred. The current-voltage characteristics are shown by way
of example in Fig. 2 without taking account of the fuel gas consumption
for a new fuel cell with small internal resistance (characteristic Ui(I)) and
for an aged cell with increased internal resistance (characteristic Usx(I)).
The internal resistance of the fuel cell or the resistance of the duplicating
unit of a fuel cell stack increases over time due to aging effects

(degradation).
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If the fuel gas consumption is additionally taken into account, current-
voltage characteristics U'1(I), U'2(I) such as shown in Fig. 3 result. The
degradation results in a lowered voltage with the same current (dashed
line at I1). Despite the increase in internal resistance due to the
degradation, the current density for the maximum electric efficiency
remains almost constant. It is thereby ensured that the cell can be

operated within the ideal operating range, as shown in Fig. 1.

Fuel cells are usually operated with natural gas in use outside the
laboratory. Natural gases can vary greatly in their chemical composition,
with both local and time fluctuations occurring. As a rule the minimal
air requirement (Lmin, natural gas characteristic) and also the gas
amount introduced into the process change with the change in the fuel
quality since the flow regulators have a dependency on the gas
composition. The current at the point of the power optimum thus also

changes.

Fig. 4 shows three current-voltage characteristics Us(I), U4(I), Us(I) while
taking account of the gas consumption, but without taking account of
the internal resistance. Such characteristics can be calculated with the
aid of thermodynamic calculations and with the aid of the Nernst
equation. In characteristic Us(1), the fuel gas flow and fuel gas quality
correspond exactly to the desired values; in characteristic Us(1), the fuel
gas flow is smaller or the fuel gas quality is worse than the desired
values; and in characteristic Us(1), the fuel gas flow is larger or the fuel

gas quality is better than the desired values.

In Fig. 5, the corresponding characteristics U'3(1), U'4(I), Us(I) are shown
while taking account of the internal resistance and the gas consumption.
In this case, a regulation with a constant voltage (dashed line at U1) is to

be preferred over a regulation at a constant current since it ensures that
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the cell voltage does not enter into the critical range of less than 0.6 V.
Below a cell voltage of 0.6 V, there is the risk that the anode reoxidizes
electrochemically since the oxidation potential of the nickel lies in this

range, which results in damage to the cells.

The regulation at a constant output voltage has the disadvantage,
however, that as a consequence of the aging of the fuel cells, the current
and thus the fuel gas utilization fall and the power degradation is higher
as the operating duration increases than with the regulation with a

constant current (see dashed lines in Fig. 3).

The aging-induced degradation of the fuel cell stack and variations in the
composition of the natural gas are unavoidable marginal conditions.
Neither the regulation to a constant voltage nor the regulation to a
constant current are thus the ideal solution for fuel cell systems which

are operated using natural gases.

It is the object of the invention to provide a method and a regulation
apparatus for regulating a fuel cell or a fuel cell stack with which the fuel
cell or the fuel cell stack can be safely operated in the vicinity of the
maximum power and simultaneously the power degradation as a
consequence of aging of the fuel cells is smaller than on a regulation to

constant voltage.

This object is satisfied in accordance with the invention by the method
defined in claim 1 and by the regulation apparatus defined in claim 9 as
well as by the fuel cell, the fuel cell stack and the fuel cell system which

are defined in claim 12.

In the method in accordance with the invention for regulating a fuel cell

or a fuel cell stack, a current-voltage characteristic of the fuel cell or of
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the fuel cell stack is detected and evaluated to determine an operating
point of the fuel cell or of the fuel cell stack. The method is characterized
in that a current-voltage characteristic of the fuel cell or of the fuel cell
stack is detected at time intervals in operation whose gradient has a
minimum; in that a value for the minimum of the gradient or a value
Rmin related to the minimum of the gradient is respectively determined
from the detected current-voltage characteristic; in that a desired value
is determined for the operating point by a mathematical linking of the
determined value with a predefined offset value Roftset, for example by
addition of a predefined offset value to the determined value or by
multiplication by a predefined offset value; and in that the fuel cell or the

fuel cell stack is regulated using the desired value thus determined.

The fuel cell or the fuel cell stack are advantageously regulated via a
regulable consumer or via a regulable current sink which are connected
to the output of the fuel cell or of the fuel cell stack, with the regulable
consumer being able to be a voltage converter or an inverter, for
example, whose outputs can be connected to a power grid to feed the

current generated in the fuel cell into the power grid.

The value for the minimum of the gradient can, for example, be the value
of the internal resistance or of the area specific resistance (ASR) of the
fuel cell or of the fuel cell stack in the minimum of the gradient or the
value Rmin related to the minimum of the gradient can from case to case
be linked to the value of the internal resistance or of the area specific
resistance of the fuel cell or of the fuel cell stack in the minimum of the
gradient. The area specific resistance is calculated from the internal
resistance of a fuel cell in that the internal resistance is multiplied by the
electrochemically active area of the fuel cell or in that the internal
resistance of a duplicating unit of a fuel cell stack is multiplied by the

electrochemically active area of a duplicating unit.
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The value for the minimum of the gradient or the value Rmin related to
the minimum of the gradient is advantageously mathematically
determined from the current-voltage characteristic, for example
numerically or by mathematical derivation of the current-voltage

characteristic.

In advantageous embodiment variants, the fuel cell or the fuel cell stack
is voltage controlled, i.e. regulated with a desired value Uson for the cell
voltage or the output voltage, or it is current controlled, i.e. regulated

with a desired value Isn for the current or the current density.

In an advantageous embodiment, first a sum value Rsumme = Rmin + Roffset
is determined by addition of a predefined offset value Rofset to the value
Rmin for the minimum of the gradient or to the value Rmin related to the
minimum of the gradient and a value corresponding to the sum value is
determined with the aid of the current-voltage characteristic for the cell
voltage or for the output voltage Uson or for the current or for the current
density Ison which serves as a desired value for the regulation of the fuel

cell or of the fuel cell stack.

In a further advantageous embodiment, a current-voltage characteristic
of the fuel cell or of the fuel cell stack is detected in operation after at
least 200 h or at least 500 h or at least 1000 h or every 200 h or 500 h
or every 1000 h and the desired value is determined again from the

respective detected current-voltage characteristic.

The regulation apparatus in accordance with the invention for a fuel cell,
a fuel cell stack or a fuel cell system is configured to regulate the fuel cell
or the fuel cell stack or the fuel cell system using one of the above-
described methods or one of the associated embodiments and

embodiment variants.
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In an advantageous embodiment, the regulating apparatus is connected
to an output of the fuel cell or of the fuel cell stack and contains a
measuring and regulating unit which is configured to detect a current-
voltage characteristic of the fuel cell or of the fuel cell stack and to
determine a value for the minimum of the gradient or a value Rmin related
to the minimum of the gradient from the detected current-voltage
characteristic in order to determine a desired value for the operating
point by a mathematical linking of the determined value with a
predefined offset value Rofset, for example by addition of a predefined
offset value to the determined value or by multiplication by a predefined
offset value, and in order to regulate the fuel cell or the fuel cell stack or

the fuel cell system using the desired value determined in this manner.

In a further advantageous embodiment, the regulating apparatus
contains a regulable consumer or a regulable current sink which can be
connected to the output of the fuel cell or of the fuel cell stack to regulate
the fuel cell or the fuel cell stack via the regulable consumer or via the

regulable current sink.

The invention furthermore includes a fuel cell or a fuel cell stack or a
fuel cell system having a regulating apparatus or an embodiment of the

regulating apparatus in accordance with the above description.

The method and the regulating apparatus for regulating a fuel cell or a
fuel cell stack as well as the fuel cell and the fuel cell stack in
accordance with the present invention have the advantage that the fuel
cell or the fuel cell stack can be reliably operated even if the operating
conditions vary over time since influence factors such as the age of the
fuel cells, the fuel quantity, the fuel quality and any leaks are mapped in
the gradient curve of the current-voltage characteristic. A further

advantage is that the power degradation as a consequence of the aging of
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the fuel cells is lower than with a regulation using a constant voltage
since, on a change of the internal resistance, the desired voltage for the
regulation is adapted by the method and the regulation apparatus in

accordance with the present invention.

The above description of embodiments and embodiment variants only
serves as an example. Further advantageous embodiments can be seen
from the dependent claims and from the drawing. Furthermore,
individual features from the embodiments and embodiment variants
described or shown can also be combined with one another within the

framework of the present invention to form new embodiments.

The invention will be explained in more detail in the following with

reference to the embodiments and to the drawing. There are shown:

Fig. 1 a typical power-current curve of a fuel cell;

Fig. 2 two typical current-voltage characteristics of a fuel cell for
two different internal resistances without taking account of

the gas consumption;

Fig. 3 two typical current-voltage characteristics of a fuel cell for
two different internal resistances while taking account of the

gas consumption,

Fig. 4 three typical current-voltage characteristics of a fuel cell for
three different fuel gas flows or fuel gas qualities without

taking account of the internal resistance;
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Fig. 5 three typical current-voltage characteristics of a fuel cell for
three different fuel gas flows or fuel gas qualities while

taking account of the internal resistance;

Fig. 6 a typical curve of the area specific resistance (ASR) of a fuel
cell;

Fig. 7 typical ASR curves of a new and of an aged fuel cell;

Fig. 8 typical ASR curves of a fuel cell with two different fuel gas

flow rates or fuel gas qualities; and

Fig. 9 a fuel cell stack having an embodiment of a regulating

apparatus in accordance with the present invention.

Fig. 9 shows a fuel cell stack having an embodiment of a regulation
apparatus 9 in accordance with the present invention. An arrangement
of a fuel cell stack having a regulating apparatus is also called a fuel cell
system in the following. The fuel cell stack 1 can, for example, be made
up of high-temperature fuel cells of the SOFC (solid oxide fuel cell) type
which are typically operated at a temperature of 600°C to 1000°C and
allows the utilization of energy of a fuel by the energy conversion. In this
respect, both electric energy, which is generated on the basis of
electrochemical processes, and thermal energy, which arises in the form
of hot waste gases, can be utilized. Gaseous flows of two reactants A, B
are conducted separately through the cells. The first reactant A, which is
in particular environmental air, contains oxidizing components; the

second reactant B reducing components.

A gas containing methane (e.g. natural gas) is advantageously used as

the second reactant B which is conducted through a reformer before the
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entry into the cells and is there converted into the reducing components
of hydrogen and carbon monoxide by means, for example, of an
additional infeed of water W and optionally air and while supplying
process heat. The hot waste gas can advantageously be used as the

source for the process heat required in the reformer.

The fuel cell stack 1 is as a rule connected to a heat exchanger 2 in
which heat can be extracted from the hot waste gases of the fuel cell
stack. The heat exchanger 2 is advantageously connected to a heating
circuit 2'. The waste gases C can subsequently be led into the free air or
the residual oxygen in the waste gases can be utilized in an additional

burner which is not shown in Fig. 9.

In the embodiment shown, a regulating apparatus 8 is connected to an
output 9 of the fuel cell stack 1. The regulating apparatus 8 contains a
measuring and regulating unit 6 which is configured to detect a current-
voltage characteristic of the fuel cell stack in time intervals whose
gradient has a minimum, for example by means of a current sensor 4
and of a voltage sensor 5, and to determine a value for the minimum of
the gradient or a value Rmin related to the minimum of the gradient from
the detected current-voltage characteristic in order to determine a
desired value for the operating point by a mathematical linking of the
determined values with a predefined offset value Rofset, for example by
addition of a predefined offset value to the determined value, and to
regulate the fuel cell stack 1 using the desired value determined in this

manner.

In an advantageous embodiment, the regulating apparatus 8 additionally
contains a regulable consumer or a regulable current sink 3 which is
connected to the output 9 of the fuel cell stack to regulate the fuel cell or

the fuel cell stack via the regulable consumer or via the regulable current
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sink. For this purpose, the measuring and regulating unit 6 can be
connected to the regulable consumer or to the regulable current sink via

a line 7.

The regulable consumer 3 is advantageously a voltage converter or an
inverter whose outputs can be connected to a power grid 3' to feed the

current generated in the fuel cell stack into the power grid.

The invention furthermore includes a fuel cell or a fuel cell stack 1 or a
fuel cell system having a regulating apparatus or an embodiment of the

regulating apparatus in accordance with the above description.

An embodiment of a method in accordance with the present invention
will be described with reference to Figures 6 to 9. In the method for
regulating a fuel cell or a fuel cell stack 1, a current-voltage
characteristic of the fuel cell or of the fuel cell stack is detected and
evaluated to determine an operating point of the fuel cell or of the fuel
cell stack. The method is characterized in that a current-voltage
characteristic of the fuel cell or of the fuel cell stack is detected at time
intervals in operation whose gradient has a minimum; in that a value for
the minimum of the gradient or a value Rmin related to the minimum of
the gradient is respectively determined from the detected current-voltage
characteristic; in that a desired value is determined for the operating
point by a mathematical linking of the determined value with a
predefined offset value Rofiset, for example by addition of a predefined
offset value to the determined value; and in that the fuel cell or the fuel

cell stack is regulated using the desired value thus determined.

The fuel cell or the fuel cell stack 1 are advantageously regulated via a
regulable consumer or via a regulable current sink 3 which are

connected to the output 9 of the fuel cell or of the fuel cell stack 1, with
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the regulable consumer 3, for example, being able to be a voltage
converter or an inverter, for example, whose outputs 3' can be connected
to a power grid to feed the current generated in the fuel cell or in the fuel

cell stack into the power grid.

The value for the minimum of the gradient can, for example, be the value
of the internal resistance or of the area specific resistance (ASR) of the
fuel cell or of the fuel cell stack in the minimum of the gradient or the
value Rmin related to the minimum of the gradient can from case to case
be linked to the value of the internal resistance or of the area specific
resistance of the fuel cell or of the fuel cell stack in the minimum of the
gradient. The area specific resistance ASR is calculated from the internal
resistance of a fuel cell in that the internal resistance is multiplied by the
electrochemically active area of the fuel cell or in that the internal
resistance of a duplicating unit of a fuel cell stack is multiplied by the

electrochemically active area of a duplicating unit.

The value for the minimum of the gradient or the value Rmm related to
the minimum of the gradient is mathematically determined from the
current-voltage characteristic, for example numerically or by

mathematical derivation of the current-voltage characteristic.

In two advantageous embodiment variants, the fuel cell or the fuel cell
stack 1 is voltage controlled, i.e. regulated with a desired value Uson for
the cell voltage or the output voltage, or it is current controlled, i.e.

regulated with a desired value Ison for the current or the current density.

In an advantageous embodiment, first a sum value Rsumme = Rmin + Roffset
is determined by addition of a predefined offset value Rosset to the value
for the minimum of the gradient or to the value Rmin related to the

minimum of the gradient and a value corresponding to the sum value is
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determined with the aid of the current-voltage characteristic for the cell
voltage or for the output voltage Uson or for the current or for the current
density Ison which serves as a desired value for the regulation of the fuel

cell or of the fuel cell stack 1.

It is assumed by way of example in the following that the value Rmin for
the minimum of the gradient of the current-voltage characteristic of the
fuel cell or of the fuel cell stack corresponds to the value of the area

specific resistance ASR in the minimum of the gradient.

Fig. 6 shows a typical curve ASR(I) of the area specific resistance ASR of
a fuel cell in dependence on the current density I. The curve shown was
obtained in that the output voltage of a fuel cell was detected in
dependence on the current density I and subsequently the gradient, i.e.
the area specific resistance ASR(I) was determined by mathematical
derivation. The curve ASR(I) of the area specific resistance has, as shown

in Fig. 6, a minimum ASRmin characteristic for fuel cells.

Corresponding to the embodiment of the method described in the
preceding paragraph, first a sum value Rsumme = ASRmin + ASRoffset is
determined, called ARSept in Fig. 6, by addition of a predefined offset
value ASRoffset to the value ASRmin for the minimum of the gradient and a
value corresponding to the sum value ASRopt is determined for the
output voltage Uson or for the current density Ison with the aid of the
current-voltage characteristic, said value serving as a desired value for
the regulation of the fuel cell or of the fuel cell stack 1. The value 11 for
the current density corresponding to the sum value ASRqpt can be seen

directly from the curve of ASR(I) in Fig. 6.

The value of ASRmin varies in dependence on the fuel cells used, on the

degradation, on the fuel quantity, on the fuel quality and on any leaks.
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The value of ASRmin typically lies in the range between 0.3 Q cm? and 1.0
Q cm?. The offset value ASRofsset is characteristic for the respective fuel
cell concept and can be determined by experiments. The offset value
ASRofrset typically lies between 0.3 Q cm? and 1.0 Q cm?, preferably

between 0.5 Q cm? and 0.8 Q cm?.

In practice, the total curve of ASR(I) does not need to be detected. It is
rather sufficient first to determine the value ASRmin for the minimum of
the gradient from the current-voltage characteristic. The sum value
ASRopt = ASRmin + ASRofiset is determined from the respective determined
value ASRmin and the offset value ASRofiset characteristic for the
respective fuel cell technology. The current-voltage characteristic is now
detected and evaluated until the gradient reaches the value ASRopt. At
this point, the corresponding value of the current density Ison is
determined which corresponds to the value of the current density I1 in

Fig. 6 and/or the corresponding value of the voltage Uson is determined.

The fuel cell stack is advantageously subsequently regulated and/or

operated with voltage control with U = Ugpt.

In a further advantageous embodiment, a current-voltage characteristic
of the fuel cell or of the fuel cell stack is detected in operation after at
least 200 h or at least 500 h or at least 1000 h or every 200 h or 500 h
or every 1000 h and the desired value is determined again from the

detected current-voltage characteristic.

The behavior with an aged fuel cell is explained with reference to Fig. 7.
In Fig. 7, the ASR curve of the fuel cell of Fig. 6 (curve ASR:(I)) is shown
and by way of example that of an aged fuel cell (curve ASR»(I)). It can be
recognized that despite differences in the sum values ASRopt1 and ASRopto

determined from the respective ASR curves, an almost equally high value
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for the desired value of the current density results (I1 » I2). Despite the
aging of the cell, the stack can be operated close to the maximum power,

i.e. close to the optimum.

The behavior with a changed fuel gas quality or with a changed fuel gas
flow will be explained with reference to Fig. 8. In Fig. 8 the ASR curve of
the fuel cell of Fig. 6 (curve ASR:(I)) and by way of example that of a fuel
fell which is operated at a 10% lower fuel gas flow is shown (curve
ASR3(I)). It can be recognized that the sum values ASRopt1 or ASRopt3
determined from the respective ASR curves are of almost the same
magnitude. However, clearly different desired values for the current
density (I1 # I3) result from the different course of the curves ASR;(I) and
ASRs(I).

An additional benefit of the above-described method and of the above-
described regulation apparatus for regulating a fuel cell or a fuel cell
stack results when gas flow sensors are used with which the fuel gas
flow and the minimal air requirement (Lmin) of the gas used can be
determined sufficiently precisely. In this case, the current density can be
calculated at the ideal operating point through Faraday's Law. The
described method can then be used for monitoring or also for calibrating
the sensor during operation. Calibrated sensors are currently not
available at prices which allow a use in small fuel cell devices to appear

sensible.

The method and the regulating apparatus for regulating a fuel cell or a
fuel cell stack as well as the fuel cell and the fuel cell stack in
accordance with the present invention have the advantage that the fuel
cell or the fuel cell stack can be reliably operated even if the operating
conditions vary over time since influence factors such as the age of the

fuel cells, the fuel quantity, the fuel quality and any leaks are mapped in
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the gradient curve of the current-voltage characteristic and are thus
taken into account in the regulation of the fuel cell or of the fuel cell
stack. This allows a safe operation of the fuel cell or of the fuel cell stack

close to the maximum power, i.e. close to the optimum.
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PATENTKRAYV

1. Fremgangsmade til regulering af en braendselscelle eller en breend-
selscellestak (1), hvor en stromspaendingskarakteristik af breendselscel-
len hhv. breendselscellestakken registreres og evalueres i fremgangsma-
den for at bestemme et driftspunkt for breendselscellen hhv. breendsels-
cellestakken, kendetegnet ved, at der i drift i tidsintervaller registreres
en stremspaendingskarakteristik af breendselscellen hhv. breendselscelle-
stakken (1), hvis stigning har et minimum, at der i hvert enkelt tilfeclde
ud fra den registrerede stremspaendingskarakteristik beregnes en veerdi
for stigningens minimum eller en veerdi (Rmin), der heenger sammen med
stigningens minimum, at der ved en matematisk sammenkeedning af den
beregnede vaerdi med en forudbestemt offsetveerdi (Rofiset), isaer ved addi-
tion af en forudbestemt offsetveerdi med den beregnede veerdi, bestem-
mes en ensket veerdi for driftspunktet, og at breendselscellen eller
breendselscellestakken (1) reguleres med den saledes bestemte enskede

veerdi.

2. Fremgangsmade ifslge krav 1, hvor breendselscellen eller braend-
selscellestakken reguleres via en regulerbar forbruger (3) eller et reguler-
bart stremdraen, der er forbundet med udgangen (9) i breendselscellen

eller breendselscellestakken (1).

3. Fremgangsmade ifolge et af kravene 1 eller 2, hvor den regulerbare
forbruger (3) er en spaendingstransducer eller en vekselretter, hvis ud-

gange kan forbindes med et stremnet (3).

4. Fremgangsmade ifolge et af kravene 1 til 3, hvor veerdien for stig-
ningens minimum er veerdien af breendselscellens eller braendselscelle-
stakkens indre modstand eller fladerelaterede indre modstand, pa en-

gelsk kaldt Area Specific Resistance eller ASR, i stigningens minimum,
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eller hvor veerdien (Rmin), der heenger sammen med stigningens mini-
mum, er keedet sammen med veerdien af breendselscellens eller breend-
selscellestakkens indre modstand eller fladerelaterede indre modstand i

stigningens minimum.

5. Fremgangsmade ifglge et af kravene 1 til 4, hvor veerdien for stig-
ningens minimum eller veerdien (Rmin), der haenger sammen med stignin-
gens minimum, beregnes matematisk ud fra stremspaendingskarakteri-
stikken, isezer numerisk eller beregnes ved matematisk afledning ud fra

stromspeendingskarakteristikken.

6. Fremgangsmade ifelge et af kravene 1 til 5, hvor breendselscellen
eller braendselscellestakken reguleres spaendingsstyret, dvs. med en on-
sket veerdi (Uson) for cellespeendingen eller udgangsspeendingen, eller
stromstyret, dvs. med en ensket veerdi (Ison) for stremmen eller stroem-

teetheden.

7. Fremgangsmade ifelge et af kravene 1 til 6, hvor der ved addition af
en forudbestemt offsetvaerdi (Rofset) med vaerdien (Rmin) for stigningens
minimum hhv. med veerdien (Rmin), der haenger sammen med stigningens
minimum, forst beregnes en sumveerdi (Rsum = Rmin + Roffset), 0g hvor der
ved hjeelp af stremspeendingskarakteristikken bestemmes en til sum-
veerdien svarende vaerdi for cellespeendingen eller udgangsspeendingen
(Uson) eller for stremmen eller stremteetheden (Ison), som tjener som on-
sket veerdi for reguleringen af breendselscellen eller breendselscellestak-
ken (1).

8. Fremgangsmade ifalge et af kravene 1 til 7, hvor der i drift efter
mindst 200 h eller mindst 500 h eller mindst 1000 h eller hver 200 h
eller 500 h eller hver 1000 h registreres en stromspaendingskarakteristik

af breendselscellen hhv. breendselscellestakken (1), og den enskede veerdi



10

15

20

25

30

DK/EP 2658021 T3

20

bestemmes pa ny ud fra den registrerede stremspaendingskarakteristik.

9. Reguleringsindretning (8) til en braendselscelle, en breendselscelle-
stak (1) eller et breendselscellesystem, indrettet til at regulere braendsels-
cellen hhv. braendselscellestakken hhv. braendselscellesystemet ved

hjeelp af en fremgangsmade ifglge et af kravene 1 til 8.

10. Reguleringsindretning ifelge krav 9, hvor reguleringsindretningen (8)
er forbundet med en udgang (9) i braendselscellen hhv. breendselscelle-
stakken (1), indeholdende en male- og reguleringsenhed (6), der er ind-
rettet til at registrere en stromspeendingskarakteristik af breendselscellen
hhv. breendselscellestakken hhv. breendselscellesystemet og ud fra den
registrerede stromspeendingskarakteristik at beregne en veerdi for stig-
ningens minimum eller en veerdi (Rmin), der heenger sammen med stig-
ningens minimum, for ved en matematisk sammenkaedning af den be-
regnede vaerdi med en forudbestemt offsetveerdi (Rofrset), isaer ved addition
af en forudbestemt offsetveerdi med den beregnede veerdi, at bestemme
en ensket veerdi for driftspunktet og for at regulere braendselscellen hhv.
breendselscellestakken hhv. breendselscellesystemet med den saledes

bestemte gnskede vaerdi.

11. Reguleringsindretning ifelge et af kravene 9 eller 10, indeholdende
yderligere en regulerbar forbruger (3) eller et regulerbart stremdraen, der
kan forbindes med udgangen i breendselscellen eller breendselscellestak-
ken (1) for at regulere braeendselscellen eller breendselscellestakken via

den regulerbare forbruger henholdsvis det regulerbare stremdraen.

12. Breendselscelle eller breendselscellestak eller braendselscellesystem

med en reguleringsindretning (8) ifelge et af kravene 9 til 11.
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