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Description

Technical Field

[0001] The present invention relates to a fuel cell sys-
tem including a fuel cell module and a control device.

Background Art

[0002] Typically, a solid oxide fuel cell (SOFC) employs
a solid electrolyte of ion-conductive solid oxide such as
stabilized zirconia. The electrolyte is interposed between
an anode and a cathode to form an electrolyte electrode
assembly (hereinafter also referred to as MEA). The elec-
trolyte electrode assembly is interposed between sepa-
rators (bipolar plates). In use, generally, predetermined
numbers of the electrolyte electrode assemblies and the
separators are stacked together to form a fuel cell stack.
[0003] Normally, a hydrogen gas produced from hy-
drocarbon based raw fuel by a reformer is used as a fuel
gas supplied to the fuel cell. In the reformer, in general,
a reformed gas (fuel gas) is produced, e.g., by applying
partial oxidation reforming or steam reforming to such
hydrocarbon based raw fuel, e.g., fossil fuel such as met-
al or LNG.
[0004] In this case, since the partial oxidation reformer
induces exothermic reaction, the reaction can be started
at relatively low temperature, and thus the start-up per-
formance and the follow up performance are good. How-
ever, the reforming efficiency is poor.
[0005] In contrast, the steam reformer has good re-
forming efficiency. However, since the steam reformer
induces endothermic reaction, the start-up performance
and the follow up performance are poor at relatively low
temperature.
[0006] In this regard, for example, a method of oper-
ating a fuel cell disclosed in JP 2007-179756 A is known.
The operating method includes the steps of mixing a plu-
rality of types of reforming gases including hydrocarbon
gas, reforming the plurality of types of reforming gases
mixed in the mixing step by use of reforming catalyst to
produce a hydrogen-containing gas, and generating
electricity by a solid oxide fuel cell by use of the hydrogen-
containing gas obtained in the reforming step.
[0007] It is monitored whether the mixing step, the re-
forming step or the power generation step is performed
under predetermined heat-balancing conditions or not. If
the mixing step, the reforming step or the power gener-
ation step is performed under the predetermined heat-
balancing conditions, then water vapor is mixed with a
hydrocarbon gas in the mixing step, and thereafter steam
reforming is performed in the reforming step. If the mixing
step, the reforming step or the power generation step is
not performed under the predetermined heat -balancing
conditions, then an oxygen-containing gas is mixed with
the hydrocarbon gas in the mixing step, and thereafter
partial oxidation reforming is performed in the reforming
step.

[0008] In the operating method according to JP
2007-179756 A, if the heat balance is changed from the
optimum state, reforming is switched from steam reform-
ing to partial oxidation reforming for making it possible
to perform the reforming without water vapor and prevent
carbon deposition. Further, since partial oxidation re-
forming is an exothermic reaction, the temperature which
has been lowered can be raised again, and it contributes
to restoration of the heat- balancing to the optimum state.
Thus, if the optimum state of heat-balancing is not satis-
fied due to various factors during operation of the fuel
cell, and the heat energy is insufficient for the reforming
step, then reforming is switched to partial oxidation re-
forming thereby to compensate for the inefficient heat
energy, and thus adjustment thereof is achieved. Further,
by switching of the reforming method, large variation in
the heat balance can be prevented, and instability in the
output of power generation of the fuel cell is eliminated.
[0009] Further, a fuel cell system disclosed in JP
2010-238595 A is known. The fuel cell system includes
a reformer for performing steam reforming of a fuel gas
supplied to a fuel cell, water supply means for supplying
water to the reformer, and control means for controlling
the water supply means.
[0010] The water supply means includes a water tank
for storing water to be supplied to the reformer, a pump
for supplying the water stored in the water tank to the
reformer under pressure, flow rate detection means for
detecting the amount of water supplied to the reformer
by the pump, and pressure detection means for detecting
the pressure of the fuel gas in the reformer. At least at
the time of starting operation, the control means switches
operation of the pump from the suspension state to the
pressurized water supply state to start supply of the water
under pressure. Thereafter, the control means performs
a water supply determination process for determining
whether the water is supplied to the reformer or not based
on the detection result by the pressure detection means.
[0011] In JP 2010-238595 A, operation of the pump is
switched from the suspension state to the pressurized
water supply state to start supply of the water to the re-
former under pressure. Thereafter, water supply deter-
mination process for determining whether the water is
supplied to the reformer or not is performed based on
the detection result by the pressure detection means. By
the water supply determination process, since it is pos-
sible to determine whether the water is supplied to the
reformer or not based on the detection value of the pres-
sure detection means regardless of the detection value
of the flow rate detection means, it is possible to deter-
mine whether the water is supplied to the reformer or not
regardless of the amount of the supplied water.
[0012] In US 2011-053017 A1, on which the preamble
of claim 1 is based, the heat exchanger is distant from
the reformer integrally combined with an evaporator. No
exhaust gas combustor is provided, but the exhaust gas
of the fuel cell is not treated further.
[0013] In WO 2010/12573 A1, the reformer and com-
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bustor are combined into a unit, and the heat exchanger
adjacent to the fuel cell is not located adjacent to a steam
reformer.
[0014] In EP 1 188 712 A1, all elements of the fuel
reformer are shown as separate units.

Summary of Invention

[0015] In JP 2007-179756 A, the detection value of the
power generation amount is used as a parameter of the
heat-balancing conditions. If the power generation
amount becomes less than a predetermined value, then
reforming is switched from steam reforming to partial ox-
idation reforming to raise the temperature in the fuel cell.
Thus, the operation range by steam reforming is nar-
rowed, and a high efficiency output cannot be achieved
suitably. Further, though carbon deposition is determined
based on the steam/carbon (S/C) ratio and the temper-
ature of the reformer, in JP 2007-179756 A, the relation-
ship between the carbon deposition, the steam/carbon
(S/C) ratio and the temperature of the reformer is not
considered. Therefore, carbon deposition cannot be sup-
pressed suitably.
[0016] Further, in JP 2010-238595 A, it is determined
whether the water is supplied to the reformer or not at
the time of starting operation, but there is no disclosure
regarding the control of selective operation of partial ox-
idation reforming and steam reforming. Therefore, high
efficiency output is not obtained suitably.
[0017] Further, when the supply of water becomes in-
sufficient, it is no longer possible to perform operation.
Moreover, though carbon deposition is determined
based on the steam/carbon (S/C) ratio and the temper-
ature of the reformer, in JP 2010-238595 A, the relation-
ship between the carbon deposition, the steam/carbon
(S/C) ratio and the temperature of the reformer is not
considered. Therefore, carbon deposition cannot be sup-
pressed easily.
[0018] The present invention has been made to solve
the problems of these types, and an object of the present
invention is to provide a fuel cell module in which it is
possible to suitably maintain a desired start-up perform-
ance, a desired follow-up performance, and a desired
efficiency in the fuel cell module, and achieve improve-
ment in the durability.
[0019] The present invention relates to a fuel cell sys-
tem in accordance with claim 1. The fuel cell system in-
cludes a fuel cell module and a control device. In the fuel
cell system, the fuel cell module includes a fuel cell stack
formed by stacking a plurality of fuel cells for generating
electricity by electrochemical reactions of a fuel gas and
an oxygen-containing gas, a partial oxidation reformer
for reforming a mixed gas of a raw fuel chiefly containing
hydrocarbon and an oxygen-containing gas, a steam re-
former for reforming a mixed gas of the raw fuel and water
vapor, and an evaporator for evaporating water and sup-
plying the water vapor to the steam reformer.
[0020] The control device includes a carbon amount

determination unit for determining the amount of carbon
in the fuel gas supplied to the fuel cell stack depending
on the required output of the fuel cell stack, a temperature
detector unit for detecting the temperature of the steam
reformer and the temperature of the evaporator, an S/C
determination unit for determining a range of the
steam/carbon ratio based on the temperature of the
steam reformer, a water supply amount determination
unit for determining a range of the water supply amount
to the evaporator based on the amount of carbon and
the steam/carbon ratio, an evaporator operating state de-
termination unit for determining whether or not the tem-
perature of the evaporator is a temperature determined
based on the range of the water supply amount, and a
reformer control unit for controlling the steam reformer
and the partial oxidation reformer based on the determi-
nation result of the evaporator operating state determi-
nation unit.
[0021] In the present invention, based on the condi-
tions of the fuel gas, the steam reformer, the evaporator,
the steam/carbon ratio, and the water supply amount, it
is possible to suitably and selectively use the highly effi-
cient steam reformer and the partial oxidation reformer
having good performance in starting operation and good
responsiveness. Therefore, the fuel cell module can bal-
ance a highly efficient function with a function having a
good start-up performance and a good response per-
formance.
[0022] Further, even if operation of the fuel cell stack
may exceed the operating range of the steam reformer,
e.g., due to variation in the load on the fuel cell stack, the
partial oxidation reformer can be operated for compen-
sation. Thus, it becomes possible to follow the low output
and the load variation, and suppress fuel shortage and
carbon deposition resulting from the shortage of reform-
ing, and improvement in the durability of the fuel cell mod-
ule is achieved suitably.
[0023] The above and other objects, features, and ad-
vantages of the present invention will become more ap-
parent from the following description when taken in con-
junction with the accompanying drawings in which pre-
ferred embodiments of the present invention are shown
by way of illustrative example.

Brief Description of Drawings

[0024]

FIG. 1 is a diagram schematically showing a struc-
ture of a fuel cell system according to an embodiment
of the present invention;
FIG. 2 is a perspective view showing main compo-
nents of FC (fuel cell) peripheral equipment of the
fuel cell system;
FIG. 3 is an exploded perspective view showing main
components of the FC peripheral equipment;
FIG. 4 is a flow chart illustrating an operational se-
quence from start-up operation to power generation
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of the fuel cell system;
FIG. 5 is a flow chart showing an operational se-
quence of a low-variation operation of the fuel cell
system;
FIG. 6 is a graph showing a relationship between the
temperature of a steam reformer and S/C
(steam/carbon); and
FIG. 7 is a graph showing a relationship between the
temperature of an evaporator and a water supply
amount to the evaporator.

Description of Embodiments

[0025] A fuel cell system 10 according to an embodi-
ment of the present invention shown in FIG. 1 is used in
various applications, including stationary and mobile ap-
plications. For example, the fuel cell system 10 is mount-
ed on a vehicle.
[0026] The fuel cell system 10 includes a fuel cell mod-
ule (SOFC module) 12 for generating electrical energy
in power generation by electrochemical reactions of a
fuel gas (a gas produced by mixing a hydrogen gas, meth-
ane, and carbon monoxide) and an oxygen-containing
gas (air), a raw fuel supply apparatus (including a fuel
gas pump) 14 for supplying a raw fuel (e.g., city gas) to
the fuel cell module 12, an oxygen-containing gas supply
apparatus (including an air pump) 16 for supplying the
oxygen-containing gas to the fuel cell module 12, a water
supply apparatus (including a water pump) 18 for sup-
plying water to the fuel cell module 12, and a control
device 20 for controlling the amount of electrical energy
generated in the fuel cell module 12.
[0027] The fuel cell module 12 includes a fuel cell stack
24 formed by stacking a plurality of solid oxide fuel cells
22 in a vertical direction (or in a horizontal direction). For
example, the fuel cell 22 includes an electrolyte electrode
assembly 32 (MEA). The electrolyte electrode assembly
32 includes a cathode 28, an anode 30, and an electrolyte
26 interposed between the cathode 28 and the anode
30. For example, the electrolyte 26 is made of ion-con-
ductive solid oxide such as stabilized zirconia.
[0028] A cathode side separator 34 and an anode side
separator 36 are provided on both sides of the electrolyte
electrode assembly 32. An oxygen-containing gas flow
field 38 for supplying an oxygen-containing gas to the
cathode 28 is formed in the cathode side separator 34,
and a fuel gas flow field 40 for supplying a fuel gas to the
anode 30 is formed in the anode side separator 36. As
the fuel cell 22, various types of conventional SOFC can
be adopted.
[0029] An oxygen-containing gas supply passage 42a,
an oxygen-containing gas discharge passage 42b, a fuel
gas supply passage 44a, and a fuel gas discharge pas-
sage 44b extend through the fuel cell stack 24. The ox-
ygen-containing gas supply passage 42a is connected
to an inlet of each oxygen-containing gas flow field 38,
the oxygen-containing gas discharge passage 42b is
connected to an outlet of each oxygen-containing gas

flow field 38, the fuel gas supply passage 44a is connect-
ed to an inlet of each fuel gas flow field 40, and the fuel
gas discharge passage 44b is connected to an outlet of
each fuel gas flow field 40.
[0030] The fuel cell module 12 includes a partial oxi-
dation reformer (POX) 45 for reforming a mixed gas of a
raw fuel chiefly containing hydrocarbon and the oxygen-
containing gas, a steam reformer (SR) 46 for reforming
a mixed gas of the raw fuel and water vapor, an evapo-
rator 48 for evaporating water and supplying the water
vapor to the steam reformer 46, a heat exchanger 50 for
raising the temperature of the oxygen-containing gas by
heat exchange with a combustion gas and supplying the
oxygen-containing gas to the fuel cell stack 24, and an
exhaust gas combustor 52 for combusting the fuel gas
discharged from the fuel cell stack 24 as a fuel exhaust
gas and the oxygen-containing gas discharged from the
fuel cell stack 24 as an oxygen-containing exhaust gas
thereby to produce the combustion gas.
[0031] Basically, the fuel cell module 12 includes the
fuel cell stack 24 and FC (fuel cell) peripheral equipment
56. The FC peripheral equipment 56 includes the partial
oxidation reformer 45, the steam reformer 46, the evap-
orator 48, the heat exchanger 50, and the exhaust gas
combustor 52. Further, as described later, no exhaust
gas pipes are provided for connecting the steam reformer
46, the heat exchanger 50 and the exhaust gas combus-
tor 52.
[0032] In the FC peripheral equipment 56, the exhaust
gas combustor 52 is provided integrally in the heat ex-
changer 50. The steam reformer 46 is provided adjacent
to one end of the heat exchanger 50.
[0033] As shown in FIGS. 2 and 3, the heat exchanger
50 is provided upright, and as described later, the oxy-
gen-containing gas flows vertically upwardly. The steam
reformer 46 is provided upright, and the reformed gas
flows vertically upwardly. The steam reformer 46 is di-
rectly attached to one side (one end) of the heat exchang-
er 50. The steam reformer 46 and the heat exchanger
50 (including the exhaust gas combustor 52) are stacked
in a horizontal direction indicated by an arrow A.
[0034] The evaporator 48, the partial oxidation reform-
er 45, and a desulfurizer 58 for removing sulfur com-
pounds contained in the city gas (raw fuel) are provided
below the heat exchanger 50 and the steam reformer 46.
[0035] The steam reformer 46 is a preliminary reformer
for steam-reforming higher hydrocarbon (C2+) such as
ethane (C2H6), propane (C3H8), and butane (C4H10) in
the city gas (raw fuel) thereby to produce the fuel gas
chiefly containing methane (CH4), hydrogen, and CO.
The operating temperature of the steam reformer 46 is
several hundred °C.
[0036] The fuel cell 22 operates at high temperature,
such as several hundred °C. Methane in the fuel gas is
reformed at the anode 30 to obtain hydrogen and CO,
and the hydrogen and CO are supplied to a portion of
the electrolyte 26 that is positioned adjacent to the anode
30.
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[0037] The partial oxidation reformer 45 is a prelimi-
nary reformer for partially oxidation-reforming higher hy-
drocarbon (C2+) such as ethane (C2H6), propane (C3H8),
and butane (C4H10) in the city gas (raw fuel) thereby to
produce the fuel gas chiefly containing hydrogen, and
CO. The operating temperature of the partial oxidation
reformer 45 is several hundred °C.
[0038] As shown in FIG. 1, a raw fuel channel 60a of
the raw fuel supply apparatus 14 is connected to the inlet
of the desulfurizer 58 and a raw fuel supply channel 60b
is connected to the outlet of the desulfurizer 58. This raw
fuel supply channel 60b is connected to a mixed gas inlet
61a of the partial oxidation reformer 45, and a fuel gas
pipe 60c connected to a fuel gas outlet 61b of the partial
oxidation reformer 45 is connected to a mixed gas supply
chamber (mixed gas inlet) 62a of the steam reformer 46.
[0039] As shown in FIGS. 2 and 3, the mixed gas sup-
ply chamber 62a is connected to lower ends of a plurality
of reforming pipes 64, and a fuel gas discharge chamber
(fuel gas outlet) 62b is connected to upper ends of the
reforming pipes 64. The fuel gas discharge chamber 62b
is connected to one end of a fuel gas channel 66, and
the other end of the fuel gas channel 66 is connected to
the fuel gas supply passage 44a of the fuel cell stack 24
(see FIG. 1). Each of the reforming pipes 64 is filled with
catalyst (not shown) in the form of pellets or supports
catalyst (not shown) in the form of grains for inducing
reforming reaction.
[0040] A heating space 68 is formed between the re-
forming pipes 64. An end of an exhaust gas pipe 70a is
opened to the heating space 68, and as shown in FIG.
1, the other end of the exhaust gas pipe 70a is connected
to an inlet of a heating channel 72 of the evaporator 48.
An exhaust pipe 70b is connected to an outlet of the heat-
ing channel 72 of the evaporator 48.
[0041] A water channel 74a of the water supply appa-
ratus 18 is connected to a water inlet 73a of the evapo-
rator 48, and water flowing through the water channel
74a is heated by the exhaust gas flowing along the heat-
ing channel 72. As a result, water vapor is produced. One
end of a water vapor pipe 74b is connected to a water
vapor outlet 73b of the evaporator 48, and the other end
of the water vapor pipe 74b is merged to the fuel gas pipe
60c at a position downstream of the partial oxidation re-
former 45. For example, an ejector (not shown) is pro-
vided at the merging position, and the raw fuel (or reform
gas) flows through the fuel gas pipe 60c, whereby water
vapor is sucked from the water vapor pipe 74b into the
fuel gas pipe 60c.
[0042] As shown in FIG. 3, an oxygen-containing gas
supply chamber 76a is provided on the lower side of the
heat exchanger 50, and an oxygen-containing gas dis-
charge chamber 76b is provided on the upper side of the
heat exchanger 50. Both ends of a plurality of oxygen-
containing gas pipes 78 are connected to the oxygen-
containing gas supply chamber 76a and the oxygen-con-
taining gas discharge chamber 76b.
[0043] One end of a first oxygen-containing gas supply

channel 80a is provided in the oxygen-containing gas
supply chamber 76a. One end of an oxygen-containing
gas channel 82 is provided in the oxygen-containing gas
discharge chamber 76b, and the other end of the oxygen-
containing gas channel 82 is connected to the oxygen-
containing gas supply passage 42a of the fuel cell stack
24 (see FIG. 1).
[0044] A plurality of the oxygen-containing gas pipes
78 are placed in a space inside the heat exchanger 50.
Further, a combustion chamber 84 of the exhaust gas
combustor 52 is formed inside the heat exchanger 50.
The combustion chamber 84 functions as a heat source
for raising the temperature of the oxygen-containing gas
by combustion reaction of the fuel gas (more specifically,
fuel exhaust gas) and the oxygen-containing gas (more
specifically, oxygen-containing exhaust gas).
[0045] An oxygen-containing exhaust gas channel 86
and a fuel exhaust gas channel 88 extend from the oxy-
gen-containing gas discharge chamber 76b side and
through the oxygen-containing gas discharge chamber
76b, and one end of the oxygen-containing exhaust gas
channel 86 and one end of the fuel exhaust gas channel
88 are provided in the combustion chamber 84. As shown
in FIG. 1, the other end of the oxygen-containing exhaust
gas channel 86 is connected to the oxygen-containing
gas discharge passage 42b of the fuel cell stack 24, and
the other end of the fuel exhaust gas channel 88 is con-
nected to the fuel gas discharge passage 44b of the fuel
cell stack 24.
[0046] As shown in FIG. 3, a wall plate (wall) 90 is
provided between the steam reformer 46 and the heat
exchanger 50. The wall plate 90 is sandwiched between
a flange 92 of the steam reformer 46 and a flange 94 of
the heat exchanger 50. These components are fixed to-
gether using a plurality of bolts 96 and nuts 97. An open-
ing 98 is formed in the wall plate 90 for supplying a com-
bustion gas produced in the combustion chamber 84 of
the heat exchanger 50 to the heating space 68 of the
steam reformer 46.
[0047] As shown in FIG. 1, the oxygen-containing gas
supply apparatus 16 has an oxygen-containing gas reg-
ulator valve (oxygen-containing gas distribution mecha-
nism) 102 for distributing the oxygen-containing gas from
an oxygen-containing gas channel 100 to the heat ex-
changer 50 and the partial oxidation reformer 45, i.e., to
the first oxygen-containing gas supply channel 80a and
a second oxygen-containing gas supply channel 80b.
The second oxygen-containing gas supply channel 80b
is positioned between the desulfurizer 58 and the partial
oxidation reformer 45, and connected to the raw fuel sup-
ply channel 60b.
[0048] The control device 20 includes a carbon amount
determination unit 110 for determining the amount of car-
bon in the fuel gas supplied to the fuel cell stack 24 de-
pending on the output required in the fuel cell stack 24,
a temperature detector unit 112 for detecting the temper-
ature of the steam reformer 46 and the temperature of
the evaporator 48, an S/C determination unit 114 for de-
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termining a range of the steam/carbon (S/C) ratio based
on the temperature of the steam reformer 46, a water
supply amount determination unit 116 for determining a
range of the water supply amount to the evaporator 48
based on the amount of carbon and the steam/carbon
ratio, an evaporator operating state determination unit
118 for determining whether or not the temperature of
the evaporator 48 is a temperature determined based on
the range of the water supply amount to the evaporator
48, a reformer control unit 120 for controlling the steam
reformer 46 and the partial oxidation reformer 45 based
on the determination result of the evaporator operating
state determination unit 118, and a reforming preparation
determination unit 122 for determining whether it is re-
quired to prepare for reforming by the partial oxidation
reformer 45 or not.
[0049] The reformer control unit 120 includes a steam
reformer controller 124 for controlling the steam reformer
46 if it is determined that the temperature of the evapo-
rator 48 is a temperature determined based on the range
of the water supply amount, and a partial oxidation re-
former controller 126 for controlling the partial oxidation
reformer 45 if it is determined that the temperature of the
evaporator 48 is not the temperature determined based
on the range of the water supply amount.
[0050] Next, operation of the fuel cell system 10 will be
described below with reference to flow charts shown in
FIGS. 4 and 5.
[0051] Firstly, at the time of starting operation of the
fuel cell system 10, the opening degree of the oxygen-
containing gas regulator valve 102 is determined (step
S1). More specifically, the raw fuel supply apparatus 14
is operated, and the opening degree of the oxygen-con-
taining gas regulator valve 102 is adjusted such that the
air (oxygen-containing gas) and the raw fuel such as city
gas (containing CH4, C2H6, C3H8, C4H10) required for
partial oxidation reforming are supplied (step S2). The
control of the partial oxidation reforming is performed
based on the air fuel ratio (O2/C) (the number of moles
of oxygen in the supplied air/ the number of moles of
carbon in the supplied raw fuel). The air and raw fuel are
supplied to the partial oxidation reformer 45 at the opti-
mum air-fuel ratio.
[0052] In the raw fuel supply apparatus 14, the raw fuel
supplied to the raw fuel channel 60a is desulfurized by
the desulfurizer 58, and then the raw fuel is supplied to
the mixed gas inlet 61a of the partial oxidation reformer
45 through the raw fuel supply channel 60b. In the oxy-
gen-containing gas supply apparatus 16, after the air is
supplied to the oxygen-containing gas channel 100, the
air is distributed to the first oxygen-containing gas supply
channel 80a and to the second oxygen-containing gas
supply channel 80b at their respective predetermined
amounts through the oxygen-containing gas regulator
valve 102. The air distributed to the second oxygen-con-
taining gas supply channel 80b is mixed with the raw fuel
in the raw fuel supply channel 60b, and the mixture con-
taining the air is supplied to the mixed gas inlet 61a of

the partial oxidation reformer 45.
[0053] Thus, partial oxidation reforming by the partial
oxidation reformer 45 is started (step S3). For example,
if O2/C = 0.5, partial oxidation reaction (2CH4 + O2 →
4H2 + 2CO) occurs. The partial oxidation reaction is an
exothermic reaction, and a hot reduction gas (at about
600°C) is produced by the partial oxidation reformer 45.
[0054] As shown in FIGS. 2 and 3, the hot reduction
gas is supplied to the mixed gas supply chamber 62a of
the steam reformer 46 through the fuel gas pipe 60c, and
then, the reduction gas moves from lower ends to upper
ends of the reforming pipes 64. The hot reduction gas is
temporarily supplied to the fuel gas discharge chamber
62b, and then, the reduction gas is supplied to the fuel
gas supply passage 44a of the fuel cell stack 24 through
the fuel gas channel 66 (see FIG. 1).
[0055] In the fuel cell stack 24, after the hot reduction
gas flows through the fuel gas flow field 40, the fuel gas
is discharged from the fuel gas discharge passage 44b
to the fuel exhaust gas channel 88. Thus, the hot reduc-
tion gas produced by the partial oxidation reformer 45
heats the steam reformer 46 and the fuel cell stack 24.
[0056] As shown in FIG. 3, the fuel exhaust gas chan-
nel 88 is opened to the combustion chamber 84 of the
exhaust gas combustor 52, and the fuel gas flows into
the combustion chamber 84. In the combustion chamber
84, the reduction gas (fuel gas) and the oxygen-contain-
ing gas are ignited by an ignition device (not shown) such
as an igniter or a glow to produce a combustion gas (step
S4).
[0057] The combustion gas generated in the combus-
tion chamber 84 heats the heat exchanger 50, and also
heats air supplied from the first oxygen-containing gas
supply channel 80a. Further, the combustion gas moves
to the heating space 68 of the steam reformer 46 through
the opening 98 formed in the wall plate 90. Thus, the
steam reformer 46 is heated. The exhaust gas pipe 70a
is provided in the heating space 68, and the exhaust gas
pipe 70a is connected to the heating channel 72 of the
evaporator 48. In the structure, after the combustion gas
heats the evaporator 48, the combustion gas is dis-
charged from the exhaust pipe 70b.
[0058] Then, the control proceeds to step S5 to deter-
mine whether or not the temperature of the steam re-
former 46 is a predetermined temperature T1 or more
and the temperature of the evaporator 48 is a predeter-
mined temperature T2 or more. For example, the prede-
termined temperature T1 is 550°C, and for example, the
predetermined temperature T2 is 150°C. If it is deter-
mined that the temperature of the steam reformer 46 is
the predetermined temperature T1 or more and the tem-
perature of the evaporator 48 is the predetermined tem-
perature T2 or more (YES in step S5), then the control
proceeds to step S6.
[0059] In step S6, for transition from partial oxidation
reaction to steam reforming reaction, the opening degree
of the oxygen-containing gas regulator valve 102 is ad-
justed, and the water supply apparatus 18 is operated.
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By adjustment of the opening degree of the oxygen-con-
taining gas regulator valve 102, supply of the air to the
second oxygen-containing gas supply channel 80b is
stopped, and the amount of air supplied from the first
oxygen-containing gas supply channel 80a to the heat
exchanger 50 is increased. Thus, since only the raw fuel
is supplied to the partial oxidation reformer 45, partial
oxidation reaction is not induced, and the raw fuel is sup-
plied to the fuel gas pipe 60c.
[0060] In the water supply apparatus 18, water is sup-
plied to the evaporator 48. The water vaporized in the
evaporator 48 is supplied from the water vapor pipe 74b
to the fuel gas pipe 60c, and then, mixed with the raw
fuel, and supplied to the mixed gas supply chamber 62a.
[0061] As shown in FIGS. 2 and 3, the mixed gas of
the raw fuel and the water vapor supplied to the mixed
gas supply chamber 62a moves from the lower ends to
the upper ends of the reforming pipes 64. In the mean-
while, the mixed gas is heated by the combustion gas
supplied into the heating space 68, and is subjected to
steam reforming by the catalyst in the form of pellets. As
a result, hydrocarbon of C2+ is removed therefrom to pro-
duce a reformed gas chiefly containing methane, and the
steam reforming reaction (CH4 + H2O → 3H2 + CO) oc-
curs (step S7).
[0062] The reformed gas is temporarily supplied as a
heated fuel gas to the fuel gas discharge chamber 62b,
and then, the reformed gas is supplied to the fuel gas
supply passage 44a of the fuel cell stack 24 through the
fuel gas channel 66 (see FIG. 1).
[0063] In the fuel cell stack 24, after the heated fuel
gas flows through the fuel gas flow field 40, the fuel gas
is discharged from the fuel gas discharge passage 44b
to the fuel exhaust gas channel 88. As shown in FIG. 3,
since the fuel exhaust gas channel 88 is opened to the
combustion chamber 84 of the exhaust gas combustor
52, the fuel gas flows into the combustion chamber 84.
[0064] On the other hand, in the oxygen-containing gas
supply apparatus 16, the air is supplied to the first oxy-
gen-containing gas supply channel 80a through the ox-
ygen-containing gas regulator valve 102, and the air
flows into the oxygen-containing gas supply chamber 76a
of the heat exchanger 50.
[0065] As shown in FIG. 3, after the air flows into the
oxygen-containing gas supply chamber 76a, the air is
heated by the combustion gas supplied into the combus-
tion chamber 84 (heat exchange between the air and the
combustion gas occurs) while the air is moving from the
lower ends to the upper ends of the oxygen-containing
gas pipes 78. The heated air is firstly supplied to the
oxygen-containing gas discharge chamber 76b, and
then, the air is supplied through the oxygen-containing
gas channel 82 to the oxygen-containing gas supply pas-
sage 42a of the fuel cell stack 24 (see FIG. 1).
[0066] In the fuel cell stack 24, after the heated air flows
through the oxygen-containing gas flow field 38, the air
is discharged from the oxygen-containing gas discharge
passage 42b into the oxygen-containing exhaust gas

channel 86. As shown in FIG. 3, since the oxygen-con-
taining exhaust gas channel 86 is opened to the com-
bustion chamber 84 of the exhaust gas combustor 52,
the air is supplied into the combustion chamber 84.
[0067] As described above, the heated air and the
heated fuel gas flow through the fuel cell stack 24 to raise
the temperature of the fuel cell stack 24. Then, the control
proceeds to step S8 for determining whether or not the
fuel cell stack 24 is ready for power generation. More
specifically, OCV (open-circuit voltage) of the fuel cell 22
is measured, and if the OCV reaches a predetermined
value, then it is determined that the fuel cell stack 24 is
ready for power generation (YES in step S8). Thus, power
generation is started in the fuel cell stack 24 (step S9).
[0068] During power generation of the fuel cell stack
24, in the same manner as in the case of the start-up
operation, the air flows through the oxygen-containing
gas flow field 38, and the fuel gas flows through the fuel
gas flow field 40. Therefore, the air is supplied to the
cathode 28 of each fuel cell 22, and the fuel gas is sup-
plied to the anode 30 of each fuel cell 22 to induce chem-
ical reactions at the cathode 28 and the anode 30 for
generating electricity.
[0069] The air consumed in the reaction (containing
unconsumed air) is discharged as an oxygen-containing
exhaust gas to the oxygen-containing exhaust gas chan-
nel 86. Further, the fuel gas consumed in the reaction
(containing unconsumed fuel gas) is discharged as the
fuel exhaust gas to the fuel exhaust gas channel 88. The
oxygen-containing exhaust gas and the fuel exhaust gas
are supplied to the exhaust gas combustor 52, and con-
sumed in combustion in the exhaust gas combustor 52.
When the temperature of the fuel gas exceeds the self-
ignition temperature of the fuel gas, combustion of the
air and the fuel gas is started in the combustion chamber
84.
[0070] Next, a load-variation operation of the fuel cell
system 10 will be described with reference to flow charts
in FIG. 5.
[0071] Firstly, based on a required output of the fuel
cell stack 24, the amount of carbon C in the fuel gas is
determined by the carbon amount determination unit 110
(step S101). Then, the control proceeds to step S102. In
step S102, the temperature detector unit 112 detects the
temperature TR of the steam reformer 46 and the tem-
perature TE of the evaporator 48 using temperature sen-
sors (not shown).
[0072] In step S103, the S/C determination unit 114
determines a range of the steam/carbon (S/C) ratio
based on the temperature TR of the steam reformer 46.
As shown in FIG. 6, the steam/carbon ratio is set to be
within an S/C area which is not less than a theoretical
value (1.0) and not more than a water vapor supply limit
area, and the temperature TR of the steam reformer 46
is set to be within a temperature area between a catalyst
reaction limit area and a catalyst heat resistance limit
area. Further, the carbon deposition area is excluded
from the S/C area and the temperature area.
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[0073] Next, the control proceeds to step S104, in
which the water supply amount determination unit 116
determines a range of the water supply amount QW to
the evaporator 48 based on the carbon amount C and
the steam/carbon ratio. Then, the control proceeds to
step S105. The evaporator operating state determination
unit 118 determines whether or not the temperature TE
of the evaporator 48 is within a range of the temperature
TE determined based on the determined range of the
water supply amount QW. As shown in FIG. 7, the rela-
tionship between the water supply amount QW and the
temperature TE of the evaporator 48 is set in advance as
an evaporator line, and it is determined whether or not
the intersection points on the evaporator line are within
the evaporator operating area.
[0074] In step S105, if the evaporator operating state
determination unit 118 determines that the temperature
TE of the evaporator 48 is within a range of the temper-
ature TE determined based on the determined range of
the water supply amount QW (YES in step S105), then
the control proceeds to step S106. In step S106, the re-
forming preparation determination unit 122 determines
whether it is required to prepare for reforming by the par-
tial oxidation reformer 45 or not.
[0075] In contrast, if the evaporator operating state de-
termination unit 118 determines that the temperature TE
of the evaporator 48 is not within the range of the tem-
perature TE determined based on the determined range
of the water supply amount QW (NO in step S105), then
the control proceeds to step S107. In step S107, the par-
tial oxidation reformer 45 is controlled by the partial oxi-
dation reformer controller 126 of the reformer control unit
120, and the process for partial oxidation reaction is per-
formed.
[0076] In step S106, if it is determined that it is required
to prepare for reforming by the partial oxidation reformer
45 (YES in step S106), then the control proceeds to step
S108. In step S108, the steam reformer 46 is controlled
by the steam reformer controller 124 of the reformer con-
trol unit 120, and the process for steam reforming reaction
is performed. Then, the control proceeds to step S109,
in which the partial oxidation reformer 45 is controlled by
the partial oxidation reformer controller 126, and the proc-
ess for partial oxidation reforming reaction is performed.
[0077] If it is determined that it is not required to prepare
for reforming by the partial oxidation reformer 45 (NO in
step S106), then the control proceeds to step S110. In
step S110, the steam reformer 46 is controlled by the
steam reformer controller 124.
[0078] In the present embodiment, as shown in FIG.
1, the fuel cell module 12 includes the fuel cell stack 24
formed by stacking a plurality of the fuel cells 22 for gen-
erating electricity by electrochemical reactions of the fuel
gas and the oxygen-containing gas, the partial oxidation
reformer 45 for reforming a mixed gas of the raw fuel
chiefly containing hydrocarbon and the oxygen-contain-
ing gas, the steam reformer 46 for reforming the mixed
gas of the raw fuel and the water vapor, and the evapo-

rator 48 for evaporating the water and supplying the water
vapor to the steam reformer 46.
[0079] The control device 20 includes the carbon
amount determination unit 110 for determining the
amount of carbon in the fuel gas supplied to the fuel cell
stack 24 depending on a required output of the fuel cell
stack 24, the temperature detector unit 112 for detecting
the temperature of the steam reformer 46 and the tem-
perature of the evaporator 48, the S/C determination unit
114 for determining the range of the steam/carbon ratio
based on the temperature of the steam reformer 46, the
water supply amount determination unit 116 for deter-
mining the range of the water supply amount to the evap-
orator 48 based on the amount of carbon and the
steam/carbon ratio, the evaporator operating state de-
termination unit 118 for determining whether or not the
temperature of the evaporator 48 is the temperature de-
termined based on the range of the water supply amount,
and the reformer control unit 120 for controlling the steam
reformer 46 and the partial oxidation reformer 45 based
on the determination result of the evaporator operating
state determination unit 118.
[0080] Thus, based on the conditions of the fuel gas,
the steam reformer 46, the evaporator 48, the steam/car-
bon ratio and the water supply amount QW, it is possible
to suitably and selectively use the highly efficient steam
reformer 46 and the partial oxidation reformer 45 having
good performance in starting operation and good respon-
siveness. Therefore, the fuel cell module 12 can suitably
balance a highly efficient function with a function having
a good start-up performance and good response per-
formance.
[0081] Further, even if operation of the fuel cell stack
24 may exceed the operating range of the steam reformer
46 due to variation in the load on the fuel cell stack 24,
the partial oxidation reformer 45 can be operated for com-
pensation. Thus, it becomes possible to follow the load
variation and suppress fuel shortage resulting from the
shortage of reforming, and improvement in the durability
of the fuel cell module 12 is achieved suitably.
[0082] Further, the reformer control unit 120 includes
the steam reformer controller 124 and the partial oxida-
tion reformer controller 126. If it is determined that the
temperature TE of the evaporator 48 is the temperature
determined based on the range of the water supply
amount QW, then the steam reformer controller 124 con-
trols the steam reformer 46, and if it is determined that
the temperature TE of the evaporator 48 is not the tem-
perature determined based on the range of the water
supply amount QW, then the partial oxidation reformer
controller 126 controls the partial oxidation reformer 45.
[0083] Thus, if the temperature TE of the evaporator
48 is the temperature determined based on the range of
the water supply amount QW, then the highly efficient
steam reformer 46 can be used. Therefore, the fuel cell
module 12 can be operated highly efficiently easily.
[0084] In contrast, if the temperature TE of the evapo-
rator 48 is not the temperature determined based on the
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range of the water supply amount QW, then the partial
oxidation reformer 45 having good start-up performance
and good response performance is used. Thus, improve-
ment in the start-up performance and response perform-
ance of the fuel cell module 12 is achieved easily.
[0085] Further, the control device 20 includes the re-
forming preparation determination unit 122. If it is deter-
mined that the temperature TE of the evaporator 48 is
the temperature determined based on the range of the
water supply amount QW, the reforming preparation de-
termination unit 122 determines whether it is required to
prepare for reforming by the partial oxidation reformer 45
or not. Thus, even if operation of the fuel cell stack 24
may exceed the operating range of the steam reformer
46, the partial oxidation reformer 45 can be operated for
compensation. Thus, it becomes possible to follow the
load variation and suppress fuel shortage resulting from
the shortage of reforming, and improvement in the dura-
bility of the fuel cell module 12 is achieved suitably.
[0086] Further, the fuel cell module 12 is a solid oxide
fuel cell module. Therefore, the fuel cell module 12 is
applicable to high temperature type fuel cells 22 such as
SOFC.
[0087] Although certain preferred embodiments of the
present invention have been shown and described in de-
tail, it should be understood that various changes and
modifications may be made therein without departing
from the scope of the appended claims.

Claims

1. A fuel cell system including a fuel cell module (12)
and a control device (20);
the fuel cell module (12) comprising:

a fuel cell stack (24) formed by stacking a plu-
rality of fuel cells (22) for generating electricity
by electrochemical reactions of a fuel gas and
an oxygen-containing gas;
a partial oxidation reformer (45) for reforming a
mixed gas of the raw fuel chiefly containing hy-
drocarbon and an oxygen-containing gas;
a steam reformer (46) for reforming a mixed gas
of the raw fuel and water vapor;
an evaporator (48) for evaporating water and
supplying the water vapor to the steam reformer
(46); and
a heat exchanger (50) for raising the tempera-
ture of the oxygen-containing gas by heat ex-
change with a combustion gas and supplying
the oxygen-containing gas to the fuel cell stack
(24);

the control device (20) comprising:

a carbon amount determination unit (110) for de-
termining an amount of carbon in the fuel gas

supplied to the fuel cell stack (24) depending on
a required output of the fuel cell stack (24);
a temperature detector unit (112) for detecting
a temperature of the steam reformer (46) and a
temperature of the evaporator (48);
an S/C determination unit (114) for determining
a range of steam/carbon ration based on the
temperature of the steam reformer (46);
a water supply amount determination unit (116)
for determining a range of the water supply
amount to the evaporator (48) based on the
amount of carbon and the steam/carbon ratio;
an evaporator operating state determination unit
(118) for determining whether or not the temper-
ature of the evaporator (48) is a temperature that
corresponds to an amount of water that is within
the range determined, by the water supply
amount determining unit (116); and
a reformer control unit (120) for controlling the
steam reformer (46) and the partial oxidation re-
former (45) based on the determination result of
the evaporator operating state determination
unit (118),
characterized in that
the steam reformer (46) is directly attached to
one end of the heat exchanger (50).

2. The fuel cell system according to claim 1, wherein
the reformer control unit (120) includes:

a steam reformer controller (124) for controlling
the steam reformer (46) if it is determined that
the temperature of the evaporator (48) is a tem-
perature determined based on the range of the
water supply amount; and
a partial oxidation reformer controller (126) for
controlling the partial oxidation reformer (45) if
it is determined that the temperature of the evap-
orator (48) is not the temperature determined
based on the range of the water supply amount.

3. The fuel cell system according to claim 1, wherein
the control device (20) further includes a reforming
preparation determination unit (122) for determining
whether or not it is required to prepare for reforming
by the partial oxidation reformer (45) if it is deter-
mined that the temperature of the evaporator is the
temperature determined based on the range of the
water supply amount.

4. The fuel cell system according to claim 2, wherein
the control device (20) further includes a reforming
preparation determination unit (122) for determining
whether or not it is required to prepare for reforming
by the partial oxidation reformer (45) if it is deter-
mined that the temperature of the evaporator is the
temperature determined based on the range of the
waster supply amount.
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5. The fuel cell system according to claim 1, wherein
the fuel cell module (12) is a solid oxide fuel cell
module.

Patentansprüche

1. Brennstoffzellensystem, das ein Brennstoffzellen-
modul (12) und eine Steuervorrichtung (20) enthält;
wobei das Brennstoffzellenmodul (12) aufweist:

einen Brennstoffzellenstapel (24), der durch
Stapeln einer Vielzahl von Brennstoffzellen (22)
gebildet ist, um durch elektrochemische Reak-
tionen von Brenngas und sauerstoffhaltigem
Gas Elektrizität zu erzeugen;
einen partiellen Oxidationsreformer (45) zum
Reformieren eines Mischgases von hauptsäch-
lich Kohlenwasserstoff enthaltendem Roh-
brennstoff und sauerstoffhaltigem Gas;
einen Dampfreformer (46) zum Reformieren ei-
nes Mischgases des Rohbrennstoffs und Was-
serdampfs;
einen Verdampfer (48) zum Verdampfen von
Wasser und Zuführen des Wasserdampfs zu
dem Dampfreformer (46); und
einen Wärmetauscher (50) zum Anheben der
Temperatur des sauerstoffhaltigen Gases durch
Wärmeaustausch mit einem Verbrennungsgas
und Zuführen des sauerstoffhaltigen Gases zu
dem Brennstoffzellenstapel (24);

wobei die Steuervorrichtung (20) aufweist:

eine Kohlenstoffmengenbestimmungseinheit
(110) zum Bestimmen einer Menge von Kohlen-
stoff in dem dem Brennstoffzellenstapel (24) zu-
geführten Brenngas in Abhängigkeit von einer
angeforderten Ausgabe des Brennstoffzellen-
stapels (24);
eine Temperaturdetektoreinheit (112) zum De-
tektieren einer Temperatur des Dampfreformers
(46) und einer Temperatur des Verdampfers
(48);
eine S/C-Bestimmungseinheit (114) zum Be-
stimmen eines Bereichs des Dampf-/Kohlen-
stoff-Verhältnisses basierend auf der Tempera-
tur des Dampfreformers (46);
eine Wasserzufuhrmengenbestimmungsein-
heit (116) zum Bestimmen eines Bereichs der
Wasserzufuhrmenge zu dem Verdampfer (48)
basierend auf der Kohlenstoffmenge und dem
Dampf-/Kohlenstoff-Verhältnis;
eine Verdampferbetriebszustand-Bestim-
mungseinheit (118) zum Bestimmen, ob die
Temperatur des Verdampfers (48) eine Tempe-
ratur ist oder nicht, die einer Wassermenge ent-
spricht, die innerhalb des durch die Wasserzu-

fuhrmengenbestimmungseinheit (116) be-
stimmten Bereichs liegt; und
eine Reformersteuereinheit (120) zum Steu-
ern/Regeln des Dampfreformers (46) und des
partiellen Oxidationsreformers (45) basierend
auf dem Bestimmungsergebnis der Verdamp-
ferbetriebszustand-Bestimmungseinheit (118);
dadurch gekennzeichnet, dass
der Dampfreformer (46) direkt am einen Ende
des Wärmertauschers (50) angebracht ist.

2. Das Brennstoffzellensystem nach Anspruch 1, wo-
bei die Reformersteuereinheit (120) enthält:

einen Dampfreformercontroller (124) zum Steu-
ern/Regeln des Dampfreformers (46), wenn be-
stimmt wird, dass die Temperatur des Verdamp-
fers (48) eine Temperatur ist, die basierend auf
dem Bereich der Wasserzufuhrmenge bestimmt
ist; und
einen Partieller-Oxidationsreformer-Controller
(126) zum Steuern/Regeln des partiellen Oxida-
tionsreformers (45), wenn bestimmt wird, dass
die Temperatur des Verdampfers (48) nicht die
Temperatur ist, die basierend auf dem Bereich
der Wasserzufuhrmenge bestimmt ist.

3. Das Brennstoffzellensystem nach Anspruch 1, wo-
bei die Steuervorrichtung (20) ferner eine Reformie-
rungsvorbereitungs-Bestimmungseinheit (122) ent-
hält, zur Bestimmung, ob eine Vorbereitung zum Re-
formieren durch den partiellen Oxidationsreformer
(45) erforderlich ist oder nicht, wenn bestimmt wird,
dass die Temperatur des Verdampfers die Tempe-
ratur ist, die basierend auf dem Bereich der Wasser-
zufuhrmenge bestimmt ist.

4. Das Brennstoffzellensystem nach Anspruch 2, wo-
bei die Steuervorrichtung (20) ferner eine Reformie-
rungsvorbereitungs-Bestimmungseinheit (122) ent-
hält, zur Bestimmung, ob eine Vorbereitung zum Re-
formieren durch den partiellen Oxidationsreformer
(45) erforderlich ist oder nicht, wenn bestimmt wird,
dass die Temperatur des Verdampfers die Tempe-
ratur ist, die basierend auf dem Bereich der Wasser-
zufuhrmenge bestimmt ist.

5. Das Brennstoffzellensystem nach Anspruch 1, wo-
bei das Brennstoffzellenmodul (12) ein Festoxid-
Brennstoffzellenmodul ist.

Revendications

1. Système de piles à combustible comprenant un mo-
dule de piles à combustible (12) et un dispositif de
commande (20) ;
le module de piles à combustible (12) comprenant :
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un empilage de piles à combustible (24) formé
en empilant une pluralité de piles à combustible
(22) pour générer de l’électricité par les réac-
tions électrochimiques d’un combustible gazeux
et d’un gaz contenant de l’oxygène ;
un dispositif de reformage par oxydation partiel-
le (45) pour reformer un mélange gazeux du
combustible brut contenant principalement un
hydrocarbure et d’un gaz contenant de
l’oxygène ;
un dispositif de reformage de vapeur (46) pour
reformer un mélange gazeux du combustible
brut et de vapeur d’eau ;
un évaporateur (48) pour évaporer l’eau et four-
nir la vapeur d’eau au dispositif de reformage
de vapeur (46) ; et
un échangeur de chaleur (50) pour augmenter
la température du gaz contenant de l’oxygène
par un échange de chaleur avec un gaz de com-
bustion et fournir le gaz contenant de l’oxygène
à l’empilage de piles à combustible (24) ;

le dispositif de commande (20) comprenant :

une unité de détermination de quantité de car-
bone (110) pour déterminer une quantité de car-
bone dans le combustible gazeux fourni à l’em-
pilage de piles à combustible (24) en fonction
d’une sortie nécessaire de l’empilage de piles à
combustible (24) ;
une unité de détection de température (112)
pour détecter une température du dispositif de
reformage de vapeur (46) et une température
de l’évaporateur (48) ;
une unité de détermination de rapport S/C (114)
pour déterminer une plage du rapport va-
peur/carbone sur la base de la température du
dispositif de reformage de vapeur (46) ;
une unité de détermination de quantité de four-
niture d’eau (116) pour déterminer une plage de
la quantité de fourniture d’eau à l’évaporateur
(48) sur la base de la quantité de carbone et du
rapport vapeur/carbone ;
une unité de détermination d’état de fonctionne-
ment d’évaporateur (118) pour déterminer si, oui
ou non, la température de l’évaporateur (48) est
une température qui correspond à une quantité
d’eau qui est dans la plage déterminée par l’uni-
té de détermination de quantité de fourniture
d’eau (116) ; et
une unité de commande de dispositif de refor-
mage (120) pour commander le dispositif de re-
formage de vapeur (46) et le dispositif de refor-
mage par oxydation partielle (45) sur la base du
résultat de détermination de l’unité de détermi-
nation d’état de fonctionnement d’évaporateur
(118),
caractérisé en ce que

le dispositif de reformage de vapeur (46) est at-
taché directement à une extrémité de l’échan-
geur de chaleur (50).

2. Système de piles à combustible selon la revendica-
tion 1, dans lequel l’unité de commande de dispositif
de reformage (120) comprend :

un contrôleur de dispositif de reformage de va-
peur (124) pour commander le dispositif de re-
formage de vapeur (46) s’il est déterminé que
la température de l’évaporateur (48) est une
température déterminée sur la base de la plage
de la quantité de fourniture d’eau ; et
un contrôleur de dispositif de reformage par oxy-
dation partielle (126) pour commander le dispo-
sitif de reformage par oxydation partielle (45) s’il
est déterminé que la température de l’évapora-
teur (48) n’est pas la température déterminée
sur la base de la plage de la quantité de fourni-
ture d’eau.

3. Système de piles à combustible selon la revendica-
tion 1, dans lequel le dispositif de commande (20)
comprend en outre une unité de détermination de
préparation de reformage (122) pour déterminer si,
oui ou non, il est nécessaire de préparer le reformage
par le dispositif de reformage par oxydation partielle
(45) s’il est déterminé que la température de l’éva-
porateur est la température déterminée sur la base
de la plage de la quantité de fourniture d’eau.

4. Système de piles à combustible selon la revendica-
tion 2, dans lequel le dispositif de commande (20)
comprend en outre une unité de détermination de
préparation de reformage (122) pour déterminer si,
oui ou non, il est nécessaire de préparer le reformage
par le dispositif de reformage par oxydation partielle
(45) s’il est déterminé que la température de l’éva-
porateur est la température déterminée sur la base
de la plage de la quantité de fourniture d’eau.

5. Système de piles à combustible selon la revendica-
tion 1, dans lequel le module de piles à combustible
(12) est un module de piles à combustible à oxyde
solide.
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