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Description

[0001] The present invention relates to power gener-
ation. In particular, the present invention relates to sys-
tems for controlling the connection of a fuel cell stack and
an A.C. grid.

Background of the Invention

[0002] Fuelcells can be a useful, efficientand environ-
mentally friendly solution to power generation. They have
few moving parts, and are highly efficient at converting
energy contained in the fuel into usable electricity, and,
in some cases, useable heat. Fuel cells generate direct
current (D.C.). Generally, a fuel cell will generate D.C. at
a voltage in the order of 1V, and, when operating under
load, between 0.3V and 0.8V. The voltage changes, de-
pending on the operating parameters of the fuel cells and
the load drawn.

[0003] Ingeneral, the power from one fuel cell is insuf-
ficient to satisfy the electrical load requirements of the
applications that fuel cells are provided for. Thus multiple
fuel cells are connected together to form a fuel cell stack,
with the preference to electrically connect the fuel cells
in a series arrangement. A fuel cell stack includes addi-
tionalitems, including air and fuel manifolding and means
of getting the electrical power out from the fuel cell stack.
[0004] A fuel cell system will incorporate at least one
such fuel cell stack, as well as the fuel and air handling
components (such as a blower, valves and filters), a con-
trol system, and the power electronics to allow the elec-
trical power of the fuel cell to be converted to correct form
to power the electrical load or loads to which it is con-
nected. Such electrical loads could be direct current
loads (DC loads) or alternating current loads (AC loads).
Examples of such loads include batteries, pumps and
blowers, motors, local mains, local grids and the national
grid.

[0005] Fuel cells stacks can be used to provide elec-
tricity to an Alternating Current (A.C.) "grid" (such as the
national grid in the UK). Alternative "grids" may include
generators or stand-alone inverters connected to a D.C.
source, in fact any A.C. system. Such fuel cell systems,
when connected to the grid, provide a distributed network
of power generation, and: are particularly useful to pro-
vide extra power to a grid at times of peak power demand,
when the grid is under heavy load. Due to their nature of
operation, requiring fuel and air to be provided to the fuel
cell under the right conditions of temperature, and in
some cases pressure, fuel cell systems do not instanta-
neously start and stop generating electricity. Instead,
they have "ramp up" and "ramp down" periods, between
being completely off and at their operating capacity. Fur-
ther, fuel cell systems require auxiliary devices, which
enable the operation of the fuel cell stacks. Examples of
such auxiliary devices are air blowers, which keep the
operating temperature at the correct levels, and fuel
pumps, which provide the fuel to the fuel cell stacks to
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enable them to generate power et cetera. Because the
fuel cell stack generates D.C. voltage, and the grid re-
quires A.C. voltage, conversion of the D.C. power is re-
quired by the fuel cell system when providing power to a
grid. Because of the ramp time of a fuel cell stack, there
are times when the auxiliary loads must be powered from
the grid, so that they are always provided with operating
power, even when the fuel cell stack is not providing pow-
er. WO 2005/036684 describes known power electronics
for a fuel cell powered system. US 2002/0047309 de-
scribes a known D.C. to D.C. converter and power man-
agement system.

Summary of the Invention

[0006] The present invention seeks to overcome or
ameliorate at least one of the disadvantages associated
with the prior art.

[0007] According to the invention provide a D.C. bus
is coupled between a fuel cell stack and an A.C. grid, and
a D.C. auxiliary load, which may be a parasitic load of
the at least one fuel cell, is coupled to and powered from
that D.C. bus.

[0008] According to the invention, a D.C. to D.C. con-
verter is provided between the at least one fuel cell and
the D.C. bus. This may transform the voltage generated
by the at least one fuel cell to the voltage to be carried
on the D.C. bus. In embodiments, the D.C to D.C. con-
verter steps the voltage up from the unregulated voltage
output by the at least one fuel cell to a regulated voltage
carried on the D.C. bus, which is higher than the output
voltage of the at least one fuel cell. The D.C. to D.C.
converter may be a high frequency transformer, for ex-
ample with a frequency between 20KHz and 100KHz.
Different types of DC/DC converter may be used, includ-
ing but not limited to half bridge, full bridge or push-pull.
In one embodiment, a full bridge with an isolation trans-
former is used.

[0009] According to the invention, the D.C. bus is volt-
age regulated, and a bidirectional inverter is provided
between the D.C. bus and the A.C. grid. In embodiments
of the invention, the bidirectional inverter can control the
voltage on the D.C. bus, and can provide the voltage
regulation. In embodiments of the invention the bidirec-
tional inverter is arranged to regulate the voltage on the
D.C. bus when the system is connected to the A.C. grid,
and may do so.

[0010] In embodiments of the invention, the D.C. aux-
iliary load is a parasitic load of the at least one fuel cell,
i.e. a load that is required for the at least one fuel cell to
operate. In embodiments of the invention, the D.C. aux-
iliary load includes a blower for the at least one fuel cell.
In embodiments, the auxiliary load includes a fuel pump
for the at least one fuel cell.

[0011] Inembodiments of the invention, the system in-
cludes a voltage regulated D.C. bus connected between
a D.C.toD.C. converter and a bi-directional inverter, the
bidirectional inverter also being connected to an A.C.
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grid, and the D.C. to D.C. converter also being connected
to atleastone fuelcell, wherein atleastone D.C. auxiliary
load of the at least one fuel cellis connected to the voltage
regulated D.C. bus. The system can therefore be made
significantly smaller, and lighter, atthe expense of a slight
loss of efficiency.

[0012] By providing D.C. auxiliary load(s) of the atleast
one fuel cell on the D.C. bus, transformation of the at
least one fuel cell generated current from D.C. to mains
A.C. and back to D.C. to power the auxiliary loads is
avoided. In this way, a single conversion stage only is
required to provide the power to the D.C. load, whether
it be from the at least one fuel cell, or from the A.C. grid.
[0013] Further,iftheD.C. auxiliary loads were powered
from the unregulated output from the at least one fuel
cell, rather than from the D.C. bus, during start- up when
the fuel cellis not generating any power, the system must
be run in reverse to power the loads connected to the
fuel cell. In this case, a contactor would be needed to
avoid applying a voltage to the fuel cell, which is not de-
sirable. Such contactors are generally large, expensive
and noisy.

[0014] D.C.loads placed on an unregulated D.C. pow-
er system are generally designed for a particular range
of DC voltages (for example 40-60V) to cope with the
operating condition of the fuel cell(s). However, this
means that if a slightly higher power unit is produced, for
example with more layers, or a unit with the same power
output but a different ratio of voltage and current, a re-
design of the DC load(s) would be required.

[0015] Further, in order to have the unregulated D.C.
voltage power the parasitic devices, with power from the
A.C. grid, the DC/DC stage must be bi- directional. This
adds significant cost and complexity to the system. In
embodiments of the present invention, a unidirectional
D.C. to D.C. converter may be used.

[0016] In embodiments of the invention, the voltage
regulation on the D.C. bus is based on average voltage,
rather than controlling the voltage to be exactly constant.
In an embodiment for use where the A.C. grid has a fre-
quency of 50Hz, superimposed on the regulated voltage
is a 100Hz ripple current of the order of 10V. This is pro-
vided because single phase power is always actually de-
livered at 100Hz; the D.C. bus is used to filter this out so
that what is drawn from the fuel cell is pure DC.

[0017] In embodiments of the invention, at least one
A.C. auxiliary load is connected on the A.C. grid side of
the bidirectional inverter. The A.C. auxiliary load may be
an auxiliary load of the fuel cell stack.

[0018] In embodiments of the invention, an electrical
energy storage device is connected to the D.C. bus. The
storage device may be connected to the D.C. bus by a
controllable D.C. : D.C. converter. More than one such
storage device may be provided, as required.

[0019] In an embodiment of the invention, a second
voltage regulated D.C. bus may be provided externally
of the system for connecting a fuel cell stack to an A.C.
grid. The external D.C. bus may be connected to the volt-
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age regulated D.C. bus of the system. One ar mare stor-
age devices may be connected to this further D.C. bus
viaone or more D.C. : D.C. converters. Further, the D.C.
bus may have a further fuel cell system connected there-
to. The further fuel cell system may be different from the
fuel cell stack described above. In embodiments of the
invention both an internal and external storage device
are provided. In embodiments of the invention, multiple
storage devices and/or fuel cell stacks can be provided
external to the system.

[0020] The storage device may be any one or more of
one or more batteries, capacitors, flywheels or other such
energy storage devices.

[0021] In operation, in embodiments of the invention,
the system can operate in different modes. In afirst mode,
voltage regulated D.C. power may be provided to at least
one D.C. auxiliary load of at least one fuel cell from an
A.C. grid, via a voltage regulated D.C. bus. In a second
mode, voltage regulated D.C. power may be provided to
the at least one D.C. auxiliary load from at least one fuel
cell, via the voltage regulated D.C. bus. In embodiments
of the invention, in a first sub-mode of the first mode,
power is provided to the at least one DC auxiliary load
from the A.C. grid only. In embodiments of the invention,
ina second sub-mode of the first mode, power is provided
to the at least one DC auxiliary load from both the A.C.
grid and the at least one fuel cell. The first sub-mode of
the first mode may occur when the at least one fuel cell
is not producing any power. The second sub-mode of the
first mode may occur when the at least one fuel cell is
producing less power than the at least one D.C. auxiliary
load draws. When the system is in the second mode,
power may be provided to the A.C. grid from the at least
one fuel cell. The second mode may occur when the at
least one fuel cell is producing more power than the at
leastone D.C. auxiliary load draws. The system may also
operate in a third mode in which the fuel cell power gen-
eration system is isolated from the A.C. grid and the D.C.
bus voltage is regulated by the D.C. to D.C. converter.
The D.C. bus voltage may be regulated between 300 and
500 volts D.C. The D.C. bus voltage may be regulated
to around 400 volts D.C. The start-up of the system may
also be powered from one or more storage devices, if
provided. In this mode, power may be provided to the at
leastone D.C. auxiliary load from the one or more storage
devices, rather than from the A.C. grid, during start-up
of the fuel cell stack.

[0022] Therefore, according to a first aspect of the in-
vention, there is provided a system for connecting a fuel
cell stack to an A.C. grid for providing power thereto ac-
cording to claim 1. According to a second aspect of the
present invention, there is provided a method according
to claim 14.

Brief Description of the Drawings

[0023] Embodiments of the invention will now be de-
scribed, purely by way of example, with reference to the
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accompanying drawings, in which:

Figure 1a shows a schematic control system accord-
ing to a first embodiment of the invention;

Figure 1b shows a schematic control system accord-
ing to a variation of the first embodiment;

Figure 2a shows a schematic control system accord-
ing to a second embodiment of the invention;

Figure 2b and 2c show variations of the second em-
bodiment;

Figure 3 shows a schematic diagram of the power
flow in various modes of operation of the system of
Figure 2a; and

Figure 4 shows a schematic diagram of the change-
over criteria between different modes of operation

of the system of Figures 2a and 3.

Detailed Description of Embodiments of the Invention

[0024] Figure 1a shows a schematic diagram of a sys-
tem according to an embodiment of the invention. The
system 100 includes a voltage regulated D.C. bus 110
to be coupled to a fuel cell stack (which may comprise
one or more fuel cells), a bidirectional inverter 120 con-
nected to the D.C. bus 110, and to be connected between
the D.C. bus 110 and an A.C. grid, and at least one D.C.
auxiliary load 130 of the fuel cell stack coupled to the
D.C. bus 110. A D.C. to D.C. booster converter 140 is
provided between the fuel cell stack and the D.C. bus.
The D.C.toD.C. converter 140 isolates the fuel cell stack
fromthe D.C. bus and steps the unregulated voltage from
the fuel cell stack to a regulated voltage on the D.C. bus.
Although asingle D.C. auxiliary load 130 is shown herein,
it will be appreciated that further auxiliary loads could be
connected to the D.C. bus 110.

[0025] The D.C. auxiliary load 130 draws power from
the D.C. bus 110. Depending on the operation of the sys-
tem 100, the power for the auxiliary load 130 can be pro-
vided to the D.C. bus to be drawn by the D.C. auxiliary
load 130 from the fuel cell stack, the A.C. grid, or a com-
bination of both of these. The bidirectional converter 120
regulates the voltage on the D.C. bus 110. In the present
embodiment, the voltage regulation on the D.C. bus is
based on average voltage, rather than controlling the
voltage to be exactly constant. Superimposed on the reg-
ulated voltage is a 100Hz ripple current of the order of
10V. This is provided because single phase power is ac-
tually delivered at 100Hz; the D.C. bus is used to filter
this out sothatwhatis drawn from the fuel cellis pure D.C.
[0026] Figure 1b shows a variation of the control sys-
tem according to the first embodiment. In this variation,
like components are referred to with like reference nu-
merals. In this variation, which otherwise corresponds to
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that discussed above in relation to Figure 1a, a further
D.C. :D.C. converter 150 is provided, which is connected
to the voltage regulated D.C. bus 110. An electrical en-
ergy storage device 160 is connected to the D.C. bus
110 via the further D.C.: D.C. converter 150. In the
present embodiment, the storage device is a battery sys-
tem. However, other storage devices could include ca-
pacitors, flywheels or others as would be known to one
skilled in the art.

[0027] Figure 2a shows a second embodiment of the
invention. The secand embodiment is similar to the first
embodiment, and shares the features shown in the first
embodiment. Therefore, a D.C. bus 210 is provided,
which is voltage regulated by a bidirectional inverter 220.
In the present embodiment, the bidirectional inverter 220
is shown in a simplified manner and comprises an A.C.
to D.C. converter. A D.C. auxiliary load 230 is connected
to the D.C. bus 210. Further, as in the first embodiment,
it will be appreciated that further, additional, auxiliary
loads may also be connected to the D.C. bus 210. For
example, a fuel pump, and/or other auxiliary loads could
also be provided on the D.C. bus.

[0028] A D.C. to D.C. converter 240 is provided be-
tween a fuel cell stack 250 (which may comprise one or
more fuel cells) and the D.C. bus 210, which couples the
fuel cell stack 250 to the D.C. bus 210. The D.C. to D.C.
converter 240 is unidirectional, i.e. only allowing power
to flow from the fuel cell stack 250 to the D.C. bus 210,
without allowing power from the D.C. bus 210 back to
the fuel cell stack 250. Suitable fuel cell stacks of the
present embodiment are operable to produce a power
output of up to around 10KW. The fuel cell stack voltage
is variable depending on factors discussed below in re-
lation to the operation of the system.

[0029] In this embodiment, the D.C. auxiliary load 230
is a D.C. brushless motor, which is shown as a three-
phase motor, and which may, for example, be a blower
for the fuel cell stack 250. Further or alternate D.C. aux-
iliary loads may be provided. An A.C. auxiliary load 270
is also provided, which, although not shown as such in
the present embodiment, may also be a parasitic load of
the fuel cell stack 250. Further A.C. auxiliary loads may
also be provided. The A.C. auxiliary load 270 is coupled
to an A.C. grid 280.

[0030] A switch 285 is provided to isolate the system
200 from the A.C. grid 280. In the present embodiment,
the A.C. auxiliary load 270 is isolated from the A.C. grid
280 when the switch 285 is open; the A.C. auxiliary load
270 is not on the A.C. grid side of the isolation switch
285. Alternatively, the switch 285 may be rearranged (or
a further switch provided) so that the A.C. auxiliary loads
are not isolated from the A.C. grid when the switch is
open, if desired. Afilter 290 is provided between the A.C.
grid 280 and the bidirectional inverter 220.

[0031] A controller 300 is provided, which controls the
fuel cell stack 250, the D.C. to D.C. converter 240, the
bidirectional inverter 220 and the filter 290. In an embod-
iment, the controller 300 is split into two distinct control
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elements 300A, 300B. The first element 300A controls
the fuel cell stack 250, D.C. load(s) 230 and D.C. to D.C.
controller 240, with an option to control the AC auxiliary
load 270. The second element 300B controls the bidirec-
tional inverter 220, and switch 285 etc. The two elements
of the controller 300 may be separate, and be able to
function independently, within the overall control of the
system 200. The control elements 300A, 300B can com-
municate with each other.

[0032] Figures 2b and 2c show two variations of the
second embodiment. Like components between the fig-
ures are referred to by like reference numerals. The var-
iation shown in Figure 2b corresponds to that shown in
Figure 2a, with the exception thata D.C. : D.C. converter
310is connectedtothe D.C. bus 210. An electrical energy
storage device 320 is connected to the D.C. bus 210 via
the D.C. : D.C. converter 310. The D.C. : D.C. converter
310alsoincludes a controller, to control the energy trans-
fer between the storage device 320 and the D.C. bus
210. The controller in the D.C. : D.C. converter 310 is
coupled to the controller 300.

[0033] Figure 2c shows a variation on the second em-
bodiment in which a D.C. : D.C. converter 310a is pro-
vided, coupled to the D.C. bus 210, and also coupled to
a further D.C. bus 410, external to the system 200. One
or more D.C. storage devices 320a are connected to the
further D.C. bus 410. Additionally, or alternatively, one
or more further fuel cell systems may be connected to
the further D.C. bus 410.

[0034] Figure 3 shows a schematic view of the power
flow in a system according to Figure 2a in different modes
of operation. The arrows in the Figure show the direction
of current flow in each mode. The discussion refers to
elements of the system 200 shown in Figure 2a by their
reference numerals.

[0035] In a first mode, the current flow and operation
of the system 200 of Figure 2a are shown when the fuel
cell stack 250 is producing less power than the D.C. aux-
iliary load(s) 230require in order to operate. This situation
would generally occur during, for example, start up or
shut down of the fuel cell stack 250. In this case, any
power generated by the fuel cell stack 250 (which may
be none, if the stack is not operational in a first sub-mode
of the first mode) is provided to the D.C. bus 210 via the
D.C.to D.C. converter 240. The first element 300A of the
controller 300 is the master and controls the current
drawn, based on the start up/shut down requirements of
the fuel cell. The D.C. to D.C. converter 240 is controlled
by the first element 300A of the controller 300 to draw
the required amount of current from the fuel cell stack
250 where it is supplying some power, in a second sub-
mode of the first mode, and onto the D.C. bus 210 so
ensuring that no D.C. power from the A.C. grid 280 is
pumped into the fuel cell stack 250.

[0036] The remaining power required for the D.C. aux-
iliary loads 230 is provided to the D.C. bus 210 by the
bidirectional inverter 220 from the A.C. grid 280. The bi-
directional inverter 220 is controlled by the second ele-
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ment 300B of the controller 300 to regulate the D.C. bus
210 to, in the present embodiment, 400V, by varying the
A.C. input current from the grid 280 (the system is in
current control mode, with power factor correction, dis-
cussed further below, provided). The A.C. auxiliary load
(s) 270 is powered from the A.C. grid 280 directly.
[0037] In a second mode, the current flow and opera-
tion of the system 200 of Figure 2a are shown when the
fuel cell stack 250 is producing more power than is re-
quired for the D.C. auxiliary loads 230. This situation
would generally occur when the fuel cell stack 250 is in
normal operation. In this case, the first element 300A of
the controller 300 controls the fuel cell stack 250 to control
what current the fuel cell stack 250 should produce,
based on, for example, user demands, time of day, other
expected surges in demand etc. The controller 300 reg-
ulates the fuel flow, airflow and other requirements ac-
cordingly. The D.C. to D.C. controller 240 is controlled
to draw this much current from the fuel cell and on to the
D.C. bus 210. In the second mode, the inverter is again
in current control mode, the A.C. grid sets the voltage
and frequency and the bidirectional inverter pushes cur-
rent onto the A.C. grid in phase.

[0038] The bidirectional inverter 220 is controlled by
the controller 300 to regulate the D.C. bus 210 to 400V
by varying the A.C. output current. The system is config-
ured so that it does not track the 2 x mains frequency
(100Hz in the UK) oscillations that are present on the
D.C. bus 210. Some of the power output from the bidi-
rectional converter 220 is used to power the A.C. auxiliary
loads 270, and the rest is output to the A.C. grid 280.
[0039] In a third mode, the system 200 of Figure 2a is
isolated from the grid by opening isolation switch 285.
The system 200 now runs as a localisland, disconnected
fromthe A.C. grid 280. The bidirectional inverter 220 now
runs in a voltage control mode, in which it is controlled
by the controller 300 to generate a local ’grid’ by defining
the voltage and frequency, and provide power the A.C.
auxiliary load 270. The D.C. to D.C. converter 240 is now
used toregulate the D.C. bus 210 to 400V, and controlled
to provide the correct power to run the D.C. auxiliary load
230. The first element 300A of the controller 300 is now
a slave and reacts to the D.C. to D.C. current by varying
the fuel flow, air flow and other system parameters ac-
cordingly.

[0040] In afourth mode, the system is off. In this mode,
the D.C. and A.C. loads 230, 270 are off. No power is
drawn from the fuel cell stack 250. The D.C. bus 210 is
unregulated, the inverter 220 is off and auxiliary power
supplies (not shown) are active and the controller 300 is
powered.

[0041] In general, the system is configured so that the
lowest point of the oscillation on the voltage regulated
bus is greater than the peak of the mains A.C. voltage.
This peak may be a defined set-point, or it may be mon-
itored and the voltage regulated to ensure that the reg-
ulated voltage is not greater than an instantaneous peak
of the mains voltage.
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[0042] Figure 4 shows a schematic diagram of the
changeover criteria between different modes of opera-
tion of the system of Figures 2a and 3. When the system
200 is in the first mode and the power from the fuel cell
stack 250 becomes greater than that drawn by the D.C.
auxiliary load 230, for example during start up of the fuel
cell stack 250, the system will switch to the second mode
once the fuel cell stack 250 begins to supply more power
than is required for the D.C. auxiliary loads 230. When
the system 200 is in the second mode, and, for example,
as occurs during shut down of the fuel cell stack 250, the
power provided by the fuel cell stack 250 falls below that
required by the D.C. auxiliary load 230, the system 200
switches to the first mode. In order to avoid the system
200 from ’chattering’ between the first and second
modes, the system includes some hysteresis to provide
a lag between the detection of the change in power dis-
tribution and the switch between modes. 'Chatter’ may
also be avoided by, for example, only allowing one tran-
sition per mains cycle.

[0043] Further, if, when the system 200 is operating in
the second mode, it is detected that the A.C. grid 280
has beenlost and the system 200 is anisland, the system
200 switches from the second mode to the third mode.
Conversely, when the A.C. grid 280 is detected as being
restored, the system 200 switches back from the third
mode to the second mode.

[0044] The system can move to the fourth, off, mode
from any other mode, as required.

[0045] Now referring back to Figure 2a, the compo-
nents of the system 200 of Figure 2a operate as follows.
When the system 200 is operating in the second mode,
the bidirectional inverter 220, which is provided as an
A.C.to D.C converter, is controlled to deliver a sinusoidal
current in phase with the mains voltage on the A.C. grid
280. The bidirectional inverter 220 forms this shape by
varying the duty cycle of a pulse width modulated (PWM)
signal. The filter 290 is provided to smooth the output
from the bidirectional inverter 220 to take out the high
frequency component of the PWM signal to leave the
underlying sinusoid for output to the A.C. grid 280.
[0046] The instantaneous power beingdelivered to the
A.C. grid 280 is the product of the voltage and current,
both of which are alternating at mains frequency (50Hz
in the UK). The resulting power is therefore a sin2 wave,
which is a sin wave at double the mains frequency, os-
cillating between zero and twice the mean power. The
power, and hence the current drawn from the fuel cell
stack 250, is pure D.C. i.e. it is not exposed to any A.C.
frequency, whether the power or the current frequency.
In order to achieve this simply, the D.C. to D.C. converter
240 is controlled as a current source, and pushes power
smoothly out from the fuel cell stack 250 to the D.C. bus
210. The D.C. to D.C. converter steps the fuel cell stack
250 voltage to a higher voltage level which is higher than
the peak of the voltage of the A.C. grid 280. As discussed
above, this peak mains voltage may be determined in a
number of ways. In the present embodiment, the D.C. to
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D.C. converter 240 operates by converting the D.C. from
the fuel cell stack 250 to a high frequency A.C., passing
it through a transformer to the new voltage and then rec-
tifying it back to D.C.. The D.C. to D.C. converter 240
therefore ensures that the voltage on the D.C. bus 210
is constant, even though the voltage from the fuel cell
stack 250 varies and is therefore unregulated.

[0047] In order to achieve an energy balance at the
D.C. bus 210, a capacitor bank or other such energy stor-
age device or system is used (which may be positioned
within the A.C. to D.C. converter 230), which sinks and
sources the currentonto the D.C. bus 210, therefore pro-
viding the twice mains frequency power output required
at the output. The voltage on the D.C. bus will 210 vary
at twice the mains voltages as power is sourced and
sinked in the capacitors, typically between 390V and
410V. The average voltage on the D.C. bus 210 is main-
tained by balancing the power drawn from the fuel cell
stack 250 to the mean power delivered to the A.C. grid
280.

[0048] In the present embodiment, the D.C. auxiliary
load 230 is a brushless D.C. motor, which is wound for
high voltage. By use of a system of an embodiment of
the invention, it is possible to avoid use of a further trans-
former and further conversion steps to generate the low
voltage typically used to supply brushless D.C. motors,
commonly 24V or 48V, either from the high voltage D.C.
or the A.C., which reduces power conversion losses as
well as component numbers, cost and size of the system
200, and increases efficiency.

[0049] When the system 200 is operating in the first
mode, at least some of the power for the D.C. auxiliary
loads 230 must come from the A.C. grid 280. If this were
done by providing a bridge rectifier to convert the mains
to D.C. and a smoothing capacitor, a distorted current
waveform would be pulled from the A.C. grid 280, which
would require an active circuit to correct this. Such a
circuit might use a voltage booster between the output
of the bridge rectifier and the smoothing capacitor to ac-
tively shape the input current drawn to be sinusoidal.
Such additional circuitry increases the size and cost of a
system. In the present embodiment, the inverter 220 and
filter 290 can be used in reverse. In the first mode, the
switches of the inverter 220 are controlled so that the
current drawn from the A.C. grid 280 is a sinusoid, and
provides active power factor correction to the D.C. aux-
iliary load 230, which prevents the inverter 220 from in-
ducing harmonics back onto the A.C. grid 280. The in-
ductors within the filter 290 (which in the second mode
smooth the output to remove the PWM signal) are now
used in conjunction with the switches in the inverter 220
to provide a voltage boost. Once again, the capacitor
bank in the inverter 220 sinks and sources the twice A.C.
grid frequency component of the power. The D.C. auxil-
iary load 230 can therefore operate as normal from the
D.C. bus 210. The D.C. auxiliary load 230 is therefore
‘blind’ to whether the system 200 is operating in the first
or second mode i.e. whether D.C. bus is receiving power
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from the fuel cell stack 250, the A.C. grid 280, or a com-
bination of both.

[0050] In the systems shown in Figures 2b and 2c, the
electrical energy storage device may be used instead of
or in conjunction with the A.C. grid during power-up and
power-down of the fuel cell stack.

[0051] It will be appreciated that embodiments of the
invention may be used and incorporated in distributed
power generation applications, micro-power generation,
small-scale energy generation or larger applications,
such as power plants or power stations. Further, as dis-
cussed above, the A.C. grid may be a national or regional
power grid, or may be a local grid, or may be a generator
or stand-alone inverter connected to a D.C. source, i.e.
any system which carries A.C.

Claims

1. Asystem (100, 200) for connecting a fuel cell stack
(250) to an A.C. grid (280) to provide power thereto,
comprising:

aD.C.toD.C. converter(140,240) to be coupled
to the fuel cell stack (250);

a voltage regulated D.C. bus (110, 210) coupled
to the D.C. to D.C. converter (140, 240);

a bidirectional inverter (120, 220) coupled to the
D.C. bus (110, 210), and to be coupled between
the D.C. bus (110, 210) and the A.C. grid (280);
and

at least one D.C. auxiliary load (130, 230) of the
fuelcell stack (250) coupled tothe D.C. bus (110,
210).

2. A system (200) according to claim 1, wherein the
bidirectional inverter comprises an A.C. to D.C. con-
verter (220).

3. Asystem (100, 200) according to claim 1 or claim 2,
wherein the bidirectional (120, 220) inverter is ar-
ranged to regulate the voltage on the D.C. bus (110,
210).

4. Asystem (100, 200) according to any one of the pre-
ceding claims, wherein the bidirectional inverter
(120, 220) is arranged to regulate the voltage on the
D.C. bus (110, 210) when the system (100, 200) is
connected to the A.C. grid (280).

5. Asystem (100, 200) according to any one of the pre-
ceding claims, wherein the D.C. to D.C. converter
(140, 240) is arranged to regulate the voltage on the
D.C. bus (110,210).

6. A system (100, 200) according to claim 5, wherein
the D.C. to D.C. converter (140, 240) is arranged to
regulate the voltage onthe D.C. bus (110, 210) when
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10.

1.

12.

13.

14.

the system (100, 200) is not connected to the A.C.
grid (280).

Asystem (200) according to any one of the preceding
claims, further comprising at least one A.C. auxiliary
load (270) connected on the A.C. grid side of the
bidirectional inverter (220).

A system (200) according to claim 7, wherein the
A.C. auxiliary load (270) is an auxiliary load of the
fuel cell stack (250).

A system (100, 200) according to any one of the pre-
ceding claims, wherein the system is arranged to
provide D.C. power to the at least one D.C. auxiliary
load (130, 230), via the D.C. bus (110, 210), at least
partially from the A.C. grid (280) when the fuel cell
stack (250) is not providing sufficient power for the
at least one D.C. auxiliary load (130, 230).

A system (100, 200) according to claim 9, wherein
the bidirectional inverter (120, 220) is adapted to pro-
vide active power factor correction to the D.C. aux-
iliary load (130, 230) when the D.C. auxiliary load
(130, 230) is powered at least partially from the A.C.
grid (280).

A system (100, 200) according to any one of the pre-
ceding claims, wherein the system is arranged to
provide power to the at least one D.C. auxiliary load
(130, 230), via the D.C. bus (110, 210), from the fuel
cell stack (250) when the fuel cell stack (250) is pro-
viding sufficient power for the at least one D.C. aux-
iliary load (130, 230).

A system (200) according toany one of the preceding
claims, further comprising at least one electrical en-
ergy storage device (320) coupled to the D.C. bus
(110, 210).

A system (200) according to claim 12, further com-
prising a further D.C. to D.C. converter (310), cou-
pled between the D.C. bus (210) and the electrical
energy storage device (320).

A method for controlling a power generation system
(100, 200) including a fuel cell stack (250) supplying
an A.C. grid (280), the method comprising providing
power to a voltage regulated D.C. bus (110, 210),
and at least one D.C. auxiliary load (130, 230) of the
fuel cell stack (250) connected to the D.C. bus (110,
210), wherein:

in a first mode, voltage regulated D.C. power is
provided to the at least one D.C. auxiliary load
(130, 230) from the A.C. grid (280), via a bidi-
rectional inverter (120, 220) and the voltage reg-
ulated D.C. bus (110, 210); and
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in a second mode, voltage regulated D.C. power
is provided to the at least one D.C. auxiliary load
(130, 230) from the fuel cell stack (250), via a
D.C. to D.C. converter (140, 240) and the volt-
age regulated D.C. bus (110, 210).

A method according to claim 14, wherein:

in a first sub-mode of the first mode, power is
provided to the at least one D.C. auxiliary load
(130, 230) from the A.C. grid (280) only, the first
sub-mode of the first mode occurring when the
fuel cell stack (250) is not producing any power;
and

in a second sub-mode of the first mode, power
is provided to the atleast one D.C. auxiliary load
(130, 230) from both the A.C. grid (280) and fuel
cell stack (250), the second sub-mode of the first
mode occurring when the fuel cell stack (250) is
producing less power than the at least one D.C.
auxiliary load (130, 230) draws.

A method according to claim 14 or 15, wherein, in
the first mode, the D.C. bus voltage is regulated by
an A.C. to D.C. converter (240) between the A.C.
grid (280) and the D.C. bus (210).

A method according to any one of claims 14 to 16,
wherein, in the second mode, the D.C. bus voltage
is regulated by an A.C. to D.C. converter (240) be-
tween the A.C. grid (280) and the D.C. bus (210).

A method according to any one of claims 14 to 17,
wherein, in the second mode, power is provided to
the A.C. grid (280) from the fuel cell stack (250).

A method according to claim 14 or 15, wherein, in
the second mode occurs when the fuel cell stack
(250) is producing more power than the at least one
D.C. auxiliary load (230) draws.

A method according to any one of claims 14 to 19,
further comprising a third mode in which the power
generationsystemisisolatedfromthe A.C. grid (280)
and the D.C. bus voltage is regulated by the D.C. to
D.C. converter (240).

. Amethod according to claim 20, wherein, in the third

mode, a local A.C. grid (280) is provided by an A.C.
to D.C. converter between the local A.C. grid (280)
and the D.C. bus (210).

A method according to claim 14 to 21, further com-
prising a fourth mode in which no power is drawn
from the fuel cell stack (250), no auxiliary loads are
powered and power is provided to a system control-
ler (300).

10

15

20

25

30

35

40

45

50

55

EP 2 047 590 B1

23.

24.

25.

26.

27.

14

A method according to claim 22, wherein, in the
fourth mode, power is also provided to at least one
system A.C. auxiliary load (270).

A method according to any one of claim 14 to 23,
wherein the D.C. bus voltage is between 300 and
500 volts D.C.

A method according to claim 24, wherein the D.C.
bus voltage is around 400 volts D.C.

A power generating device, comprising a system
(100, 200) according to any one of claims 1 to 13.

A power generating device according to claim 26,
the device being configured to produce useable heat.

Patentanspriiche

1.

System (100, 200) zum Verbinden eines Brennstoff-
zellenstacks (250) mit einem Wechselstromnetz
(280), um Leistung an dieses zu Ubergeben, umfas-
send:

einen Gleichstromwandler (140, 240), der mit
dem Brennstoffzellenstack (250) zu koppeln ist;
einen spannungsgeregelten Gleichstrombus
(110, 210), der mit dem Gleichstromwandler
(140, 240) gekoppelt ist;

einen Zweirichtungsumrichter (120, 220), der
mit dem Gleichstrombus (110, 210) gekoppelt
ist und zwischen den Gleichstrombus (110, 210)
und das Wechselstromnetz (280) zu koppeln ist;
und

mindestens eine Gleichstromhilfslast (130, 230)
des Brennstoffzellenstacks (250), die mit dem
Gleichstrombus (110, 210) gekoppelt ist.

System (200) nach Anspruch 1, worin der Zweirich-
tungsumrichter einen Wechselstrom-Gleichstrom-
Wandler (220) umfasst.

System (100, 200) nach Anspruch 1 oder 2, worin
der Zweirichtungsumrichter (120, 220) dafir einge-
richtet ist, die Spannung auf dem Gleichstrombus
(110, 210) zu regeln.

System (100, 200) nach einem der vorhergehenden
Anspriiche, worin der Zweirichtungsumrichter (120,
220) dafiir eingerichtet ist, die Spannung auf dem
Gleichstrombus (110, 210) zu regeln, wenn das Sy-
stem (100, 200) mit dem Wechselstromnetz (280)
verbunden ist.

System (100, 200) nach einem der vorhergehenden
Anspriiche, worin der Gleichstromwandler (140,
240) dafiir eingerichtet ist, die Spannung auf dem
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Gleichstrombus (110, 210) zu regeln.

System (100, 200) nach Anspruch 5, worin der
Gleichstromwandler (140, 240) dafir eingerichtetist,
die Spannung auf dem Gleichstrombus (110, 210)
zuregeln, wenndas System (100, 200) nicht mitdem
Wechselstromnetz (280) verbunden ist.

System (200) nach einem der vorhergehenden An-
spriiche, ferner mindestens eine Wechselstromhilfs-
last (270) umfassend, die an der Wechselstromnetz-
seite des Wechselstrom-Gleichstrom-Wandlers
(220) angeschlossen ist.

System (200) nach Anspruch 7, worin die Wechsel-
stromhilfslast (270) eine Hilfslast des Brennstoffzel-
lenstacks (250) ist.

System (100, 200) nach einem der vorhergehenden
Anspriiche, worin das System daflir eingerichtet ist,
Gleichstromleistung zumindest teilweise vom Wech-
selstromnetz (280) Gber den Gleichstrombus (110,
210) an die mindestens eine Gleichstromhilfslast
(130, 230) zu Ubergeben, wenn der Brennstoffzel-
lenstack (250) nicht geniigend Leistung flir die min-
destens eine Gleichstromhilfslast (130, 230) bereit-
stellt.

System (100, 200) nach Anspruch 9, worin der Zwei-
richtungsumrichter (120, 220) dafiir eingerichtet ist,
eine aktive Leistungsfaktorkorrektur fir die Gleich-
strombhilfslast (130, 230) bereitzustellen, wenn die
Gleichstromhilfslast (130, 230) zumindest teilweise
vom Wechselstromnetz (280) mit Strom versorgt
wird.

System (100, 200) nach einem der vorhergehenden
Anspriiche, worin das System dafiir eingerichtet ist,
Leistung vom Brennstoffzellenstack (250) Giber den
Gleichstrombus (110, 210) an die mindestens eine
Gleichstromhilfslast (130, 230) zu Uibergeben, wenn
der Brennstoffzellenstack (250) gentigend Leistung
fur die mindestens eine Gleichstromhilfslast (130,
230) bereitstellt.

System (200) nach einem der vorhergehenden An-
spriche, ferner mindestens eine mit dem Gleich-
strombus (110, 210) gekoppelte Speichervorrich-
tung fur elektrische Energie (320) umfassend.

System (200) nach Anspruch 12, ferner einen wei-
teren Gleichstromwandler (310), der zwischen den
Gleichstrombus (210) und die Speichervorrichtung
fur elektrische Energie (320) gekoppelt ist, umfas-
send.

Verfahren zum Steuern eines Stromerzeugungssy-
stems (100, 200), das einen Brennstoffzellenstack
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(250) umfasst, der ein Wechselstromnetz (280) ver-
sorgt, worin das Verfahren umfasst; Ubergeben von
Leistung an einen spannungsgeregelten Gleich-
strombus (110, 210) und mindestens eine mit dem
Gleichstrombus (110, 210) gekoppelte Gleichstrom-
hilfslast (130, 230) des Brennstoffzellenstacks (250),
worin:

in einer ersten Betriebsart spannungsgeregelte
Gleichstromleistung vom Wechselstromnetz
(280) Uber einen Zweirichtungsumrichter (120,
220) und den spannungsgeregelten Gleich-
strombus (110, 210) an die mindestens eine
Gleichstromhilfslast (130, 230) tbergeben wird;
und

in einer zweiten Betriebsart spannungsgeregel-
te Gleichstromleistung vom Brennstoffzellen-
stack (250) Uber einen Gleichstromwandler
(140, 240) und den spannungsgeregelten
Gleichstrombus (110, 210) an die mindestens
eine Gleichstromhilfslast (130, 230) Ubergeben
wird.

15. Verfahren nach Anspruch 14, worin:

in einer ersten Teilbetriebsart der ersten Be-
triebsart nur vom Wechselstromnetz (280) Lei-
stung an die mindestens eine Gleichstromhilfs-
last (130, 230) Ubergeben wird, wobei die erste
Teilbetriebsart der ersten Betriebsart auftritt,
wenn der Brennstoffzellenstack (250) gar keine
Leistung erzeugt; und

in einer zweiten Teilbetriebsart der ersten Be-
triebsart sowohl vom Wechselstromnetz (280)
als auch vom Brennstoffzellenstack (250) Lei-
stung an die mindestens eine Gleichstromhilfs-
last (130, 230) Ubergeben wird, wobei die zweite
Teilbetriebsart der ersten Betriebsart auftritt,
wenn der Brennstoffzellenstack (250) weniger
Leistung erzeugt, als die mindestens eine
Gleichstromhilfslast (130, 230) zieht.

16. Verfahren nach Anspruch 14 oder 15, worin in der

ersten Betriebsart die Gleichstrombusspannung
durch einen Gleichstromwandler (240) zwischen
dem Wechselstromnetz (280) und dem Gleichstrom-
bus (210) geregelt wird.

17. Verfahren nach einem der Anspriiche 14 bis 16, wor-

in in der zweiten Betriebsart die Gleichstrombus-
spannung durch einen Gleichstromwandler (240)
zwischen dem Wechselstromnetz (280) und dem
Gleichstrombus (210) geregelt wird.

18. Verfahren nach einem der Anspriiche 14 bis 17, wor-

in in der zweiten Betriebsart Leistung vom Brenn-
stoffzellenstack (250) an das Wechselstromnetz
(280) tibergeben wird.



19.

20.

21.

22.

23.

24,

25,

26.

27.

17

Verfahren nach Anspruch 14 oder 15, worindie zwei-
te Betriebsart auftritt, wenn der Brennstoffzellen-
stack (250) mehr Leistung erzeugt, als die minde-
stens eine Gleichstromhilfslast (230) zieht.

Verfahren nach einem der Anspriiche 14 bis 19, fer-
ner eine dritte Betriebsart umfassend, in der das
Stromerzeugungssystem vom Wechselstromnetz
(280) isaliert ist und die Gleichstrombusspannung
durch den Gleichstromwandler (240) geregelt wird.

Verfahren nach Anspruch 20, worin in der dritten Be-
triebsart ein lokales Wechselstromnetz (280) durch
einen Wechselstrom-Gleichstrom-Wandler zwi-
schen dem lokalen Wechselstromnetz (280) und
dem Gleichstrombus (210) bereitgestellt wird.

Verfahren nach Anspruch 14 bis 21, ferner eine vier-
te Betriebsart umfassend, in der keine Leistung vom
Brennstoffzellenstack (250) gezogen wird, keine
Hilfslasten mit Strom versorgt werden und Leistung
aneine Systemsteuerungseinrichtung (300) iiberge-
ben wird.

Verfahren nach Anspruch 22, worin in der vierten
Betriebsart Leistung auch an mindestens eine Sy-
stem-Wechselstrombhilfslast (270) libergeben wird.

Verfahren nach einem der Anspriiche 14 bis 23, wor-
in die Gleichstrombusspannung zwischen 300 und
500 Volt Gleichspannung liegt.

Verfahren nach Anspruch 24, worin die Gleichstrom-
busspannung etwa 400 Volt Gleichspannung be-
tragt.

Stromerzeugungsvorrichtung, umfassend ein Sy-
stem (100, 200) nach einem der Anspriiche 1 bis 13.

Stromerzeugungsvorrichtung nach Anspruch 26,
wobei die Vorrichtung daftr konfiguriert ist, nutzbare
Warme zu erzeugen.

Revendications

1.

Systéme (100, 200) pour connecter un empilage de
piles a combustible (250) a un réseau alternatif (280)
pour fournir une puissance a celui-ci, comprenant :

un convertisseur continu-continu (140, 240) a
coupler & I'empilage de piles a combustible
(250) ;

un bus continurégulé entension (110, 210) cou-
plé au convertisseur continu-continu (140,
240) ;

un onduleur bidirectionnel (120, 220) couplé au
bus continu (110, 210), et a coupler entre le bus
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continu (110, 210) et le réseau alternatif (280) ;
et

au moins une charge auxiliaire continue (130,
230) de 'empilage de piles a combustible (250)
couplée au bus continu (110, 210).

Systéme (200) selon la revendication 1, dans lequel
I’'onduleur bidirectionnel comprend un convertisseur
alternatif-continu (220).

Systéme (100, 200) selon la revendication 1 ou la
revendication 2, dans lequel 'onduleurbidirectionnel
(120, 220) est agencé pour réguler la tension sur le
bus continu (110,210).

Systeme (100, 200) selon 'une quelconque des re-
vendications précédentes, dans lequel 'onduleur bi-
directionnel (120, 220) est agencé pour réguler la
tension sur le bus continu (110, 210) lorsque le sys-
téme (100, 200) est connecté au réseau alternatif
(280).

Systéme (100, 200) selon 'une quelconque des re-
vendications précédentes, dans lequel le convertis-
seur continu-continu (140, 240) est agencé pour ré-
guler la tension sur le bus continu (110, 210).

Systéme (100, 200) selon la revendication 5, dans
lequel le convertisseur continu-continu (140, 240)
est agence pour réguler la tension sur le bus continu
(110, 210) lorsque le systéme (100, 200) n’est pas
connecté au réseau alternatif (280).

Systéme (200) selon 'une quelconque des revendi-
cations précédentes, comprenant en outre au moins
une charge auxiliaire alternative (270) connectée du
coteé de réseau alternatif de 'onduleur bidirectionnel
(220).

Systéme (200) selon la revendication 7, dans lequel
la charge auxiliaire alternative (270) est une charge
auxiliaire de 'empilage de piles a combustible (250).

Systéme (100, 200) selon 'une quelconque des re-
vendications précédentes, dans lequel le systéme
est agencé pour fournir une puissance continue a
|adite au moins une charge auxiliaire continue (130,
230), par I'intermédiaire du bus continu (110, 210),
au moins partiellement a partir du réseau alternatif
(280) lorsque 'empilage de piles a combustible (250)
ne fournit pas une puissance suffisante pour ladite
au moins une charge auxiliaire continue (130, 230).

Systéme (100, 200) selon la revendication 9, dans
lequel I'onduleur bidirectionnel (120, 220) est congu
pour appliquer une correction de facteur de puissan-
ce active a la charge auxiliaire continue (130, 230)
lorsque la charge auxiliaire continue (130, 230) est
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alimentée au moins partiellement a partir du réseau
alternatif (280).

Systéme (100, 200) selon 'une quelconque des re-
vendications précédentes, dans lequel le systéme
est agencé pour fournir une puissance a ladite au
moins une charge auxiliaire continue (130, 230), par
I'intermédiaire du bus continu (110, 210), a partir de
I'empilage de piles 8 combustible (250) lorsque I'em-
pilage de piles a combustible (250) fournit une puis-
sance suffisante pour ladite au moins une charge
auxiliaire continue (130, 230).

Systéme (200) selon I'une quelcongque des revendi-
cations précédentes, comprenant en outre au moins
un dispositif de stockage d’énergie électrique (320)
couplé au bus continu (110, 210).

Systéme (200) selon la revendication 12, compre-
nanten outre un convertisseur continu-continu (310)
supplémentaire, couplé entre le bus continu (210) et
le dispositif de stockage d’énergie électrique (320).

Procédé pour commander un systéme de génération
d’énergie (100, 200) comprenant un empilage de pi-
les & combustible (250) alimentant un réseau alter-
natif (280), le procédé comprenant la fourniture
d’une puissance a un bus continu régulé en tension
(110, 210), et & au moins une charge auxiliaire con-
tinue (130, 230) de 'empilage de piles a combustible
(250) connectée au bus continu (110, 210), dans
lequel :

dans un premier mode, une puissance continue
régulée en tension est fournie a ladite au moins
une charge auxiliaire continue (130, 230) a partir
du réseau alternatif (280), par lintermédiaire
d’unonduleur bidirectionnel (120, 220) etdu bus
continu régulé en tension (110, 210) ; et

dans un deuxiéme mode, une puissance conti-
nue régulée en tension est fournie a ladite au
moins une charge auxiliaire continue (130, 230)
a partir de I'empilage de piles a combustible
(250), par lintermédiaire d’un convertisseur
continu-continu (140, 240) et du bus continu ré-
gulé en tension (110, 210).

Procédé selon la revendication 14, dans lequel :

dans un premier mode secondaire du premier
mode, une puissance est fournie a ladite au
moins une charge auxiliaire continue (130, 230)
a partir du réseau alternatif (280) uniquement,
le premier mode secondaire du premier mode
apparaissantlorsque I'empilage de piles a com-
bustible (250) ne produit pas de puissance ; et
dans un deuxiéme mode secondaire du premier
mode, une puissance est fournie a ladite au
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mains une charge auxiliaire continue (130, 230)
a la fois a partir du réseau alternatif (280) et de
'empilage de piles a combustible (250), le
deuxiéme mode secondaire du premier mode
apparaissant lorsque I'empilage de piles a com-
bustible (250) produit moins de puissance que
ladite au moins une charge auxiliaire continue
(130, 230) n’en consomme.

Procédé selon la revendication 14 ou 15, dans le-
quel, dans le premier mode, la tension de bus con-
tinue estrégulée par un convertisseur alternatif-con-
tinu (240) entre le réseau alternatif (280) et le bus
continu (210).

Procédé selon 'une quelconque des revendications
14 & 16, dans lequel, dans le deuxiéme mode, la
tension de bus continue est régulée par un conver-
tisseur alternatif-continu (240) entre le réseau alter-
natif (280) et le bus continu (210).

Procédé selon 'une quelconque des revendications
14 a 17, dans lequel, dans le deuxiéme mode, une
puissance est fournie au réseau alternatif (280) a
partir de 'empilage de piles & combustible (250).

Procédé selon larevendication 14 ou 15, dans lequel
le deuxiéme mode apparait lorsque I'empilage de
piles & combustible (250) produit plus de puissance
que ladite au moins une charge auxiliaire continue
(230) n’en consomme.

Procédé selon 'une quelconque des revendications
14 a 19, comprenant en outre un troisitme mode
dans lequel le systéeme de génération d’énergie est
isolé du réseau alternatif (280) et la tension de bus
continue est régulée par le convertisseur continu-
continu (240).

Procédé selon larevendication 20, dans lequel, dans
le troisieme mode, un réseau alternatif local (280)
estréalisé par un convertisseur alternatif-continu en-
tre le réseau alternatif local (280) et le bus continu
(210).

Procédé selon les revendications 14 a 21, compre-
nant en outre un quatrieme mode dans lequel aucu-
ne puissance n’est prélevée sur I'empilage de piles
a combustible (250), aucune charge auxiliaire n’est
alimentée et une puissance est fournie a un contré-
leur de systéme (300).

Procédé selon larevendication22, dans lequel, dans
le quatriéme mode, une puissance est également
fournie a au moins une charge auxiliaire alternative
de systéme (270).

Procédé selon 'une quelconque des revendications



25,

26.

27,
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14 & 23, dans lequel la tension de bus continue est
entre 300 et 500 volts continus.

Procédé selon la revendication 24, dans lequel la
tension de bus continue est autour de 400 valts con-
tinus.

Dispositif de génération d’énergie, comprenant un
systeme (100, 200) selon 'une quelconque des re-
vendications 1 & 13.

Dispositif de génération d'énergie selon la revendi-
cation 26, le dispositif étant configuré pour produire
une chaleur utilisable.
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