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Description

Technical Field

[0001] The present invention relates to a fuel cell mod-
ule including a fuel cell stack for generating electricity by
electrochemical reactions of a fuel gas and an oxygen-
containing gas.

Background Art

[0002] Typically, a solid oxide fuel cell (SOFC) employs
a solid electrolyte of ion-conductive oxide such as stabi-
lized zirconia. The electrolyte is interposed between an
anode and a cathode to form an electrolyte electrode
assembly (MEA). The electrolyte electrode assembly is
interposed between separators (bipolar plates). In use,
generally, predetermined numbers of the electrolyte
electrode assemblies and the separators are stacked to-
gether to form a fuel cell stack.
[0003] As the fuel gas supplied to the fuel cell, normally,
a hydrogen gas produced from hydrocarbon raw material
by a reformer is used. In general, in the reformer, a hy-
drocarbon raw fuel of a fossil fuel or the like, such as
methane or LNG undergoes partial oxidation reforming
or steam reforming to produce a reformed gas (fuel gas).
[0004] In this case, since the partial oxidation reformer
induces exothermic reaction, reaction can be started at
relatively low temperature and operation can be started
efficiently, and the follow up performance is good. In con-
trast, the steam reformer has good reforming efficiency.
[0005] For example, a fuel cell system disclosed in Jap-
anese Laid-Open Patent Publication No. 2010-218888
(hereinafter referred to as the conventional technique 1)
is known. In the fuel cell system, as shown in FIG. 9, a
fuel processing system 1a is provided. The fuel process-
ing system 1a has a reformer 2a and a burner combustor
3a.
[0006] In the fuel cell system, an air supply apparatus
5a is controlled based on an indicator value of a flow rate
meter 4a. When the air is not supplied by the air supply
apparatus 5a, the indicator value of the flow rate meter
4a is corrected to a value indicating that the flow rate is
zero. According to the disclosure, in the structure, since
the indicator value of the flow rate meter 4a indicates the
flow rate of the actual supplied air, the flow rate of the air
supplied by the air supply apparatus 5a can be regulated
with a high degree of accuracy.
[0007] Further, in a partial oxidation reformer disclosed
in Japanese Laid-Open Patent Re-publication No. WO
01/047800 (PCT) (hereinafter referred to as the conven-
tional technique 2), as shown in FIG. 10, a reformer 1b
has dual wall structure including a housing 2b, and par-
tition walls 3b provided in the housing 2b. A reforming
reaction unit 4b is provided between the partition walls
3b, and a space between the housing 2b and the partition
walls 3b is used as a raw material gas passage 5b around
the reforming reaction unit 4b.

[0008] Heat insulation of the reforming reaction unit 4b
is performed by the raw material gas passage 5b to re-
duce non-uniformity in the temperature inside the reform-
ing reaction unit 4b. The raw material gas in the raw ma-
terial gas passage 5b is heated beforehand by the reac-
tion heat in the reforming reaction unit 4b. Thus, the heat
efficiency in the reformer 1b is improved by self-heat col-
lection, and a preheater for heating the raw material gas
beforehand is formed integrally between the raw material
gas passage 5b and the reforming reaction unit 4b.
[0009] According to the disclosure, in the structure, in
the reforming reaction unit 4b, in the case where a hy-
drogen rich reforming gas is produced by reaction includ-
ing partial oxidation from the raw material gas, non-uni-
formity in the temperature inside the reforming reaction
unit 4b is reduced, improvement in the heat efficiency is
achieved, and the reformer has simple and compact
structure.
[0010] US 2008/008646 A1 discloses a fuel cell mod-
ule comprising: a fuel cell stack; a partial oxidation re-
former for reforming a mixed gas of a raw fuel chiefly
containing hydrocarbon and an oxygen-containing gas
thereby to produce the fuel gas, and supplying the fuel
gas to the fuel cell stack; an exhaust gas combustor for
combusting the fuel gas discharged from the fuel cell
stack as a fuel exhaust gas and the oxygen-containing
gas discharged from the fuel cell stack as an oxygen-
containing exhaust gas thereby to produce a combustion
gas; and a heat exchanger for raising a temperature of
the oxygen-containing gas by heat exchange with the
combustion gas, and supplying the oxygen-containing
gas to the fuel cell stack; wherein the heat exchanger is
provided on one side of the fuel cell stack, and the partial
oxidation reformer and the exhaust gas combustor are
provided on the other side of the fuel cell stack and the
partial oxidation reformer is provided so as to surround
the exhaust gas combustor. The burner and the reformer
are located in a separate casing distant from the fuel cell
stack.
[0011] US 2011/048484 A1 shows a fuel cell system
with thermoelectric converters for performing thermoe-
lectric conversion based on a temperature difference be-
tween a hotter gas and a cooler gas.

Summary of Invention

[0012] However, in the conventional technique 1, the
flow rate of the fluid is corrected, and correction based
on the temperature is not considered. Thus, if the volume
varies depending on the temperature range, the supplied
fluid may exceed the fluid control range undesirably. Fur-
ther, in the conventional technique 1, since a solid poly-
mer electrolyte fuel cell stack is used, it is required to
cool the reformed gas discharged from the reformer 2a.
Therefore, a large loss in heat energy occurs , and the
heat energy cannot be utilized efficiently.
[0013] Further, in the conventional technique 2, since
heat exchange occurs between the raw material gas and
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the reformed gas, the temperature of the reforming gas
is decreased. Further, since the reformer for solid poly-
mer electrolyte fuel cells is adopted, at the time of passing
the reformed gas to a CO remover, it is required to de-
crease the temperature of the reformed gas, and the heat
energy cannot be utilized efficiently.
[0014] The present invention has been made to solve
the problems of this type, and an object of the present
invention is to provide a fuel cell module which makes it
possible to suppress the loss of heat energy, facilitate
thermally self-sustaining operation, achieve reduction in
cost and size, and improve the power generation efficien-
cy.
[0015] The present invention relates to a fuel cell mod-
ule in accordance with claim 1. The fuel cell module in-
cludes a fuel cell stack for generating electricity by elec-
trochemical reactions of a fuel gas and an oxygen- con-
taining gas, a partial oxidation reformer for reforming a
mixed gas of an oxygen-containing gas and a raw fuel
chiefly containing hydrocarbon to produce the fuel gas,
and supplying the fuel gas to the fuel cell stack, an ex-
haust gas combustor for combusting the fuel gas dis-
charged from the fuel cell stack as a fuel exhaust gas
and the oxygen-containing gas discharged from the fuel
cell stack as an oxygen-containing exhaust gas to pro-
duce a combustion gas, and a heat exchanger for raising
a temperature of the oxygen-containing gas by heat ex-
change with the combustion gas, and supplying the ox-
ygen-containing gas to the fuel cell stack.
[0016] In the fuel cell module, the heat exchanger is
provided on one side of the fuel cell stack in the stacking
direction of the fuel cell, and the partial oxidation reformer
and the exhaust gas combustor are provided on the other
side of the fuel cell stack in the stacking direction of the
fuel cell. The partial oxidation reformer is provided around
the exhaust gas combustor. The fuel cell module includes
a thermoelectric converter for performing thermoelectric
conversion based on a temperature difference between
the combustion gas and the oxygen-containing gas.
[0017] In the present invention, the heat exchanger is
provided on one side of the fuel cell stack, and the partial
oxidation reformer and the exhaust gas combustor are
provided on the other side of the fuel cell stack. Thus,
heat radiation from the fuel cell stack is minimized, and
variation in the temperature distribution in the fuel cell
stack is reduced. Accordingly, the heat energy losses
can be suppressed, and thermally self-sustaining oper-
ation is facilitated easily.
[0018] Thermally self-sustaining operation herein
means operation where the entire heat quantity required
for operation of the fuel cell system is supplied within the
fuel cell system, and where the operating temperature of
the fuel cell system is maintained using only heat energy
generated in the fuel cell system, without supplying ad-
ditional heat from the outside.
[0019] Further, the partial oxidation reformer is provid-
ed around the exhaust gas combustor. In the structure,
in the state where the self-ignition temperature is main-

tained, the fuel exhaust gas and the oxygen-containing
exhaust gas discharged from the fuel cell stack can be
supplied into the exhaust gas combustor. Accordingly, in
the exhaust gas combustor, stability in combustion is im-
proved suitably, and thermally self-sustaining operation
is facilitated easily.
[0020] Moreover, as a reformer, only the partial oxida-
tion reformer is provided without requiring any steam re-
former. Thus, since the water supply system for supplying
water vapor is not provided, reduction in the number of
parts is achieved, and reduction in the cost and size of
the entire fuel cell module is achieved.
[0021] Further, the fuel cell module includes the ther-
moelectric converter for performing thermoelectric con-
version based on the temperature difference between
the combustion gas and the oxygen-containing gas.
Thus, the temperature difference between the combus-
tion gas and the oxygen-containing gas, i.e., the heat
energy can be collected as electrical energy. In particular,
it becomes possible to improve the power generation ef-
ficiency without any losses in the start-up time. Further,
since the temperature of the combustion gas is de-
creased, generation of waste heat is suppressed. More-
over, since the temperature of the oxygen-containing gas
is increased, thermally self-sustaining operation is facil-
itated.
[0022] The combustion gas herein is a gas generated
by the exhaust gas combustor. The combustion gas is a
heating medium which can provide heat by performing
heat exchange with a fluid to be heated (e.g., another
gas). After heat energy is released from the combustion
gas, the combustion gas is referred to as the exhaust gas.

Brief Description of Drawings

[0023]

FIG. 1 is a diagram schematically showing a struc-
ture of a fuel cell system including a fuel cell module
according to a first embodiment of the present inven-
tion;
FIG. 2 is an exploded perspective view showing main
components of first and second thermoelectric con-
verters of the fuel cell module;
FIG. 3 is a flow chart showing operation of the fuel
cell system;
FIG. 4 is a graph showing an optimum map of a partial
oxidation reformer of the fuel cell module;
FIG. 5 is a diagram schematically showing a fuel cell
system including a fuel cell module according to a
second embodiment of the present invention;
FIG. 6 is a partial exploded perspective view showing
main components of a thermoelectric converter of a
fuel cell module according to a third embodiment of
the present invention;
FIG. 7 is an exploded perspective view showing main
components of a thermoelectric converter of a fuel
cell module according to a fourth embodiment of the
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present invention;
FIG. 8 is an exploded perspective view showing main
components of a thermoelectric converter of a fuel
cell module according to a fifth embodiment of the
present invention;
FIG. 9 is a diagram showing a fuel cell system dis-
closed in the conventional technique 1; and
FIG. 10 is a view showing a partial oxidation reformer
disclosed in the conventional technique 2.

Description of Embodiments

[0024] A fuel cell system 10 shown in FIG. 1 includes
a fuel cell module 12 according to a first embodiment of
the present invention, and the fuel cell system 10 is used
in various applications, including stationary and mobile
applications. For example, the fuel cell system 10 is
mounted on a vehicle.
[0025] The fuel cell system 10 includes the fuel cell
module (SOFC module) 12 for generating electrical en-
ergy in power generation by electrochemical reactions
of a fuel gas (a gas produced by mixing a hydrogen gas,
methane, and carbon monoxide) and an oxygen-contain-
ing gas (air), a raw fuel supply apparatus (including a fuel
gas pump) 14 for supplying a raw fuel (e.g., city gas)
chiefly containing hydrocarbon 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, and a control device 18 for
controlling the amount of electrical energy generated in
the fuel cell module 12.
[0026] The fuel cell module 12 includes a fuel cell stack
22 formed by stacking a plurality of solid oxide fuel cells
20 in a vertical direction indicated by an arrow A. For
example, the fuel cell 20 includes an electrolyte electrode
assembly 30 (MEA). The electrolyte electrode assembly
30 includes a cathode 26, an anode 28, and an electrolyte
24 interposed between the cathode 26 and the anode
28. For example, the electrolyte 24 is made of ion-con-
ductive solid oxide such as stabilized zirconia.
[0027] A cathode side separator 32 and an anode side
separator 34 are provided on both sides of the electrolyte
electrode assembly 30. An oxygen-containing gas flow
field 36 for supplying an oxygen-containing gas to the
cathode 26 is formed in the cathode side separator 32,
and a fuel gas flow field 38 for supplying a fuel gas to the
anode 28 is formed in the anode side separator 34. As
the fuel cell 20, various types of conventional SOFC can
be adopted.
[0028] An oxygen-containing gas supply passage 40a,
an oxygen-containing gas discharge passage 40b, a fuel
gas supply passage 42a, and a fuel gas discharge pas-
sage 42b extend through the fuel cell stack 22. The ox-
ygen-containing gas supply passage 40a is connected
to an inlet of each oxygen-containing gas flow field 36,
the oxygen-containing gas discharge passage 40b is
connected to an outlet of each oxygen-containing gas
flow field 36, the fuel gas supply passage 42a is connect-

ed to an inlet of each fuel gas flow field 38, and the fuel
gas discharge passage 42b is connected to an outlet of
each fuel gas flow field 38.
[0029] The fuel cell module 12 includes a partial oxi-
dation reformer (POX) 44 for reforming a mixed gas of a
raw fuel chiefly containing hydrocarbon and the oxygen-
containing gas, an exhaust gas combustor 46 for com-
busting the fuel gas discharged from the fuel cell stack
22 as a fuel exhaust gas, and combusting the oxygen-
containing gas discharged from the fuel cell stack 22 as
an oxygen-containing exhaust gas to produce a combus-
tion gas, and a heat exchanger 48 for raising the tem-
perature of the oxygen-containing gas by heat exchange
with the combustion gas, and supplying the oxygen-con-
taining gas to the fuel cell stack 22.
[0030] Basically, the fuel cell module 12 is made up of
the fuel cell stack 22 and FC (fuel cell) peripheral equip-
ment 50. The FC peripheral equipment 50 includes the
partial oxidation reformer 44, the exhaust gas combustor
46, and the heat exchanger 48. The partial oxidation re-
former 44 is provided around the exhaust gas combustor
46. The exhaust gas combustor 46 has a columnar (or
square pillar) outer shape. The partial oxidation reformer
44 has a ring shape (or square pillar shape) containing
the exhaust gas combustor 46.
[0031] The raw fuel supply apparatus 14 has a raw fuel
channel 51 for supplying the raw fuel to the partial oxi-
dation reformer 44. The oxygen-containing gas supply
apparatus 16 has an oxygen-containing gas channel 53
for supplying the oxygen-containing gas from the heat
exchanger 48 to the fuel cell stack 22.
[0032] The heat exchanger 48 is provided on one side
of the fuel cell stack 22, more preferably, on one side
(upper side) of the fuel cells 20 in the stacking direction
indicated by the arrow A, and the partial oxidation reform-
er 44 and the exhaust gas combustor 46 are provided on
the other side of the fuel cell stack 22, more preferably,
on the other side (lower side) of the fuel cells 20 in the
stacking direction indicated by the arrow A.
[0033] The direction in which the fuel cells 20 are
stacked is the same as the direction of gravity. Stated
otherwise, the heat exchanger 48 is provided above the
fuel cell stack 22 in the direction of gravity, and the partial
oxidation reformer 44 and the exhaust gas combustor 46
are provided below the fuel cell stack 22 in the direction
of gravity.
[0034] The partial oxidation reformer 44 is a prelimi-
nary reformer for reforming higher hydrocarbon (C2+)
such as ethane (C2H6), propane (C3H8), and butane
(C4H10) in the city gas (raw fuel) to produce the fuel gas
chiefly containing hydrogen and CO by partial oxidation
reforming. The operating temperature of the partial oxi-
dation reformer 44 is several hundred °C.
[0035] The operating temperature of the fuel cell 20 is
high, at several hundred °C. Methane in the fuel gas is
reformed at the anode 28 to obtain hydrogen and CO,
and the hydrogen and CO are supplied to the portion of
the electrolyte 24 adjacent to the anode 28.
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[0036] Partial oxidation catalyst (not shown) fills the
inside of the partial oxidation reformer 44. An ignition
device (not shown) such as an igniter or a glow for ignition
at the time of starting operation is provided at the partial
oxidation reformer 44. The partial oxidation reformer 44
has a mixed gas inlet port 52a and a fuel gas outlet port
52b. A raw fuel after desulfurization is supplied into the
partial oxidation reformer 44 through the mixed gas inlet
port 52a, and the reformed gas (fuel gas) after partial
oxidation reforming of the raw fuel is discharged from the
partial oxidation reformer 44 through the fuel gas outlet
port 52b.
[0037] A combustion chamber 54 is provided in the ex-
haust gas combustor 46. An oxygen-containing exhaust
gas inlet port 56, a fuel exhaust gas inlet port 58, and
exhaust gas outlet port 60 are connected to the combus-
tion chamber 54. At the combustion chamber 54, an ig-
nition device (not shown) such as an igniter or a glow for
ignition of the mixed gas of the reduction gas (fuel gas)
and the oxygen-containing gas at the time of starting op-
eration is provided.
[0038] A heating space containing a plurality of oxy-
gen-containing gas pipes (not shown) is formed in the
heat exchanger 48, and the oxygen-containing gas flow-
ing through the oxygen-containing gas pipes is heated
by the hot combustion gas supplied to the heating space.
The heat exchanger 48 has an oxygen-containing gas
supply port 62a and an oxygen-containing gas discharge
port 62b connected to the inlets and the outlets of the
oxygen-containing gas pipes, and a combustion gas sup-
ply port 64a and a combustion gas discharge port 64b
connected to the heating space.
[0039] The fuel gas supply passage 42a of the fuel cell
stack 22 and the fuel gas outlet port 52b of the partial
oxidation reformer 44 are connected through a fuel gas
channel 66. The oxygen-containing gas discharge pas-
sage 40b of the fuel cell stack 22 and the oxygen-con-
taining exhaust gas inlet port 56 of the exhaust gas com-
bustor 46 are connected through an oxygen-containing
exhaust gas channel 68. The fuel gas discharge passage
42b of the fuel cell stack 22 and the fuel exhaust gas inlet
port 58 of the exhaust gas combustor 46 are connected
through a fuel exhaust gas channel 70. The oxygen-con-
taining gas supply passage 40a of the fuel cell stack 22
and the oxygen-containing gas discharge port 62b of the
heat exchanger 48 are connected through an oxygen-
containing gas channel 72.
[0040] One end of a combustion gas channel 74a is
connected to the exhaust gas outlet port 60 of the exhaust
gas combustor 46, and the other end of the combustion
gas channel 74a is connected to the fuel cell stack 22.
One end of a combustion gas channel 74b for discharging
the combustion gas is connected to the fuel cell stack
22, and the other end of the combustion gas channel 74b
is connected to the combustion gas supply port 64a of
the heat exchanger 48. One end of a combustion gas
channel 74c is connected to the combustion gas dis-
charge port 64b of the heat exchanger 48, and the other

end of the combustion gas channel 74c is connected in
series to a first thermoelectric converter 76a and a sec-
ond thermoelectric converter 76b.
[0041] The first thermoelectric converter 76a is placed
in a first oxygen-containing gas supply channel 53a of
the oxygen-containing gas channel 53, and the second
thermoelectric converter 76b is placed in a second oxy-
gen-containing gas supply channel 53b of the oxygen-
containing gas channel 53. The oxygen-containing gas
is distributed to the first oxygen-containing gas supply
channel 53a and the second oxygen-containing gas sup-
ply channel 53b through an oxygen-containing gas reg-
ulator valve 78 provided in the oxygen-containing gas
channel 53.
[0042] The raw fuel supply apparatus 14 includes a
desulfurizer 80 for removing sulfur compounds in the city
gas (raw fuel). The desulfurizer 80 is provided in a middle
of the raw fuel channel 51. The raw fuel channel 51 is
connected to the mixed gas inlet port 52a of the partial
oxidation reformer 44.
[0043] The oxygen-containing gas supply apparatus
16 includes the oxygen-containing gas regulator valve
78 for distributing the oxygen-containing gas from the
oxygen-containing gas channel 53 to the heat exchanger
48 and the partial oxidation reformer 44, i.e., the first ox-
ygen-containing gas supply channel 53a and the second
oxygen-containing gas supply channel 53b. The first ox-
ygen-containing gas supply channel 53a is connected to
the oxygen-containing gas supply port 62a of the heat
exchanger 48. The second oxygen-containing gas sup-
ply channel 53b is connected to the raw fuel channel 51
at a position between the desulfurizer 80 and the partial
oxidation reformer 44.
[0044] As shown in FIG. 2, the first thermoelectric con-
verter 76a includes a first channel member 82 as a pas-
sage of the oxygen-containing gas as a medium to be
heated, a second channel member 84 as a passage of
the combustion gas as a heating medium, and a plurality
of thermoelectric conversion elements 86a, 86b, and 86c
each having a different thermoelectric conversion tem-
perature. The thermoelectric conversion elements 86a,
86b, and 86c are provided between the first channel
member 82 and the second channel member 84.
[0045] The first channel member 82 has a box shape,
and includes a serpentine oxygen-containing gas chan-
nel 82c extending in a serpentine pattern between an
oxygen-containing gas inlet 82a and an oxygen-contain-
ing gas outlet 82b. The serpentine oxygen-containing gas
channel 82c is formed by partition plates 82d provided
alternately in a zigzag pattern in the first channel member
82.
[0046] The second channel member 84 has a box
shape, and includes a serpentine combustion gas chan-
nel 84c extending in a serpentine pattern between a com-
bustion gas inlet 84a and a combustion gas outlet 84b.
The serpentine combustion gas channel 84c is formed
by partition plates 84d provided alternately in a zigzag
pattern in the second channel member 84. The combus-
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tion gas in the serpentine combustion gas channel 84c
and the oxygen-containing gas in the serpentine oxygen-
containing gas channel 82c flow in parallel to each other.
[0047] Both ends of the thermoelectric conversion el-
ements 86a, 86b, and 86c are sandwiched between the
first channel member 82 and the second channel mem-
ber 84, and the thermoelectric conversion elements 86a,
86b, and 86c are capable of generating an electromotive
force by the temperature between these ends. A plurality
of the thermoelectric conversion elements 86a (though
three thermoelectric conversion elements 86a are pro-
vided in FIG. 2, the number of the thermoelectric conver-
sion elements 86a can be determined arbitrarily. Like-
wise, the number of the thermoelectric conversion ele-
ments 86b and the thermoelectric conversion elements
86c can be determined arbitrarily.) are provided on the
upstream side of the serpentine oxygen-containing gas
channel 82c and the serpentine combustion gas channel
84c. The thermoelectric conversion elements 86a are hot
temperature type thermoelectric conversion elements
having a high thermoelectric conversion temperature.
[0048] The thermoelectric conversion elements 86b
provided in the mid-portions of the serpentine oxygen-
containing gas channel 82c and the serpentine combus-
tion gas channel 84c are intermediate temperature type
thermoelectric conversion elements having an interme-
diate thermoelectric conversion temperature. The ther-
moelectric conversion elements 86c provided on the
downstream side of the serpentine oxygen-containing
gas channel 82c and the serpentine combustion gas
channel 84c are low temperature thermoelectric conver-
sion elements having a low thermoelectric conversion
temperature.
[0049] The second thermoelectric converter 76b has
structure identical to the first thermoelectric converter
76a. The constituent elements of the second thermoe-
lectric converter 76b that are identical to those of the first
thermoelectric converter 76a are labeled with the same
reference numeral, and description thereof will be omit-
ted.
[0050] Next, operation of the fuel cell system 10 will be
described below with reference to a flow chart shown in
FIG. 3.
[0051] Firstly, at the time of starting operation of the
fuel cell system 10, the opening angle of the oxygen-
containing gas regulator valve 78 is determined. Specif-
ically, the raw fuel supply apparatus 14 is operated, and
the opening angle of the oxygen-containing gas regulator
valve 78 is adjusted such that the air (oxygen-containing
gas) and the raw fuel such as the city gas (containing
CH4, C2H6, C3H8, C4H10) required for partial oxidation
reforming are supplied (step S1). The control of the partial
oxidation reforming is performed based on the air fuel
ratio (O2/C) (the number of oxygen moles in the supplied
air/the number of carbon moles in the supplied raw fuel).
The air and raw fuel are supplied to the partial oxidation
reformer 44 at the optimal air-fuel ratios.
[0052] In the raw fuel supply apparatus 14, sulfur is

removed from the raw fuel supplied to the raw fuel chan-
nel 51 by the desulfurizer 80, and thereafter the raw fuel
is supplied to the mixed gas inlet port 52a of the partial
oxidation reformer 44. In the oxygen-containing gas sup-
ply apparatus 16, after the air is supplied to the oxygen-
containing gas channel 53, a predetermined amount of
the air is distributed to the first oxygen-containing gas
supply channel 53a, and a predetermined amount of the
air is distributed to the second oxygen-containing gas
supply channel 53b, through the oxygen-containing gas
regulator valve 78. The air distributed to the second ox-
ygen-containing gas supply channel 53b is mixed with
the raw fuel in the raw fuel channel 51, and the air is
supplied to the mixed gas inlet port 52a of the partial
oxidation reformer 44.
[0053] In the partial oxidation reformer 44, ignition is
performed by an ignition device (not shown). Thus, partial
oxidation reforming by the partial oxidation reformer 44
is started. For example, if O2/C = 0.5, partial oxidation
reaction (2CH4 + O2 → 4H2 + 2CO) occurs. The partial
oxidation reaction is exothermic reaction, and a hot re-
duction gas (fuel gas at about 600° C) is produced by the
partial oxidation reformer 44.
[0054] The hot reduction gas is supplied to the fuel gas
supply passage 42a of the fuel cell stack 22 through the
fuel gas channel 66. In the fuel cell stack 22, after the
hot reduction gas flows through the fuel gas flow field 38,
the hot reduction gas is discharged from the fuel gas
discharge passage 42b into the fuel exhaust gas channel
70. The reduction gas flows into the combustion chamber
54 of the exhaust gas combustor 46 from the fuel exhaust
gas inlet port 58 connected to the fuel exhaust gas chan-
nel 70.
[0055] In the oxygen-containing gas supply apparatus
16, the air supplied to the first oxygen-containing gas
supply channel 53a flows from the oxygen-containing gas
supply port 62a to the heat exchanger 48. While the air
is moving through the oxygen-containing gas pipes, heat
exchange between the air and the combustion gas (de-
scribed later) supplied into the heating space occurs, and
the air is heated. The heated air is supplied to the oxygen-
containing gas supply passage 40a of the fuel cell stack
22 through the oxygen-containing gas channel 72.
[0056] In the fuel cell stack 22, after the heated air flows
through the oxygen-containing gas flow field 36, the air
is discharged from the oxygen-containing gas discharge
passage 40b into the oxygen-containing exhaust gas
channel 68. The oxygen-containing exhaust gas channel
68 is opened to the combustion chamber 54 of the ex-
haust gas combustor 46, and the air flows into the com-
bustion chamber 54. Therefore, the fuel exhaust gas and
the oxygen-containing exhaust gas flow into the combus-
tion chamber 54. When the temperature in the combus-
tion chamber 54 exceeds the self-ignition temperature of
the fuel gas, combustion by the air and the fuel gas is
started in the combustion chamber 54. If the temperature
in the combustion chamber 54 does not exceed the self-
ignition temperature, ignition is performed by an ignition
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device (not shown) (step S2).
[0057] The combustion gas produced in the combus-
tion chamber 54 flows from the exhaust gas outlet port
60, and the combustion gas is supplied to the fuel cell
stack 22 through the combustion gas channel 74a to raise
the temperature of the fuel cell stack 22. Further, the
combustion gas flows through the combustion gas chan-
nel 74b into the combustion gas supply port 64a of the
heat exchanger 48.
[0058] Thus, the combustion gas is supplied into the
heating space in the heat exchanger 48, and heats the
oxygen-containing gas flowing through the oxygen-con-
taining gas pipes. Then, the combustion gas flows from
the combustion gas discharge port 64b through the com-
bustion gas channel 74c, and then, the combustion gas
is supplied into the first thermoelectric converter 76a and
the second thermoelectric converter 76b successively.
[0059] As shown in FIG. 2, in the first thermoelectric
converter 76a and the second thermoelectric converter
76b, the oxygen-containing gas as the external air is sup-
plied from the oxygen-containing gas inlet 82a of the first
channel member 82 to the serpentine oxygen-containing
gas channel 82c, and the combustion gas is supplied
from the combustion gas inlet 84a of the second channel
member 84 into the serpentine combustion gas channel
84c. Thus, temperature differences occur between both
ends of the thermoelectric conversion elements 86a, 86b,
and 86c between the serpentine oxygen-containing gas
channel 82c and the serpentine combustion gas channel
84c, and the heat energy is collected as electrical energy.
[0060] As described above, since the heated air, the
heated fuel gas, and the combustion gas flow through
the fuel cell stack 22, the temperature of the fuel cell stack
22 is increased. In the meanwhile, the partial oxidation
reformer 44 is heated by the exhaust gas combustor 46.
It is determined whether or not the partial oxidation re-
former 44 is in a predetermined state where operation of
the fuel cell stack 22 can be performed (step S3).
[0061] Specifically, as shown in FIG. 4, a high efficien-
cy operation range where highly efficient reaction occurs
is determined as a map based on the temperature and
the air/fuel ratio of the partial oxidation reformer 44. In
the case where the temperature T1 of the partial oxidation
reformer 44 is in the range of 700° C ≤ T1 ≤ 900° C, and
the air/fuel ratio is in the range of 0.45 ≤ O2/C ≤ 0.55, it
is determined that the reforming state of the partial oxi-
dation reformer 44 is OK.
[0062] If it is determined that reforming state of the par-
tial oxidation reformer 44 is OK (YES in step S3), the
process proceeds to step S4. In step S4, it is determined
whether or not the temperature of the fuel cell stack 22
(stack temperature) is T2 (e.g., 650° C) or more. If it is
determined that the stack temperature is T2 or more (YES
in step S4), the process proceeds to step S5.
[0063] In step S5, it is determined whether or not power
generation can be performed in the fuel cell stack 22.
Specifically, OCV (open-circuit voltage) of the fuel cell
20 is measured, and when the OCV reaches a predeter-

mined value, it is determined that power generation can
be performed in the fuel cell stack 22 (YES in step S5).
Thus, power generation is started in the fuel cell stack
22 (step S6).
[0064] During power generation of the fuel cell stack
22, in the same manner as in the case of the start-up
operation, the air flows through the oxygen-containing
gas flow field 36, and the fuel gas flows through the fuel
gas flow field 38. Therefore, the air is supplied to the
cathode 26 of each fuel cell 20, and the fuel gas is sup-
plied to the anode 28 of each fuel cell 20 to induce chem-
ical reactions at the cathode 26 and the anode 28 for
generating electricity.
[0065] The air partially consumed in the reaction (con-
taining unconsumed air) is discharged as oxygen-con-
taining exhaust gas to the oxygen-containing exhaust
gas channel 68. Further, the fuel gas partially consumed
in the reaction (containing unconsumed fuel gas) is dis-
charged as the fuel exhaust gas to the fuel exhaust gas
channel 70. The oxygen-containing exhaust gas and the
fuel exhaust gas are supplied to the exhaust gas com-
bustor 46, and combusted in the exhaust gas combustor
46. In the exhaust gas combustor 46, when the temper-
ature of the fuel gas exceeds the self-ignition temperature
of the fuel gas, combustion by the air and the fuel gas is
started in the combustion chamber 54.
[0066] In step S3, if the reforming state of the partial
oxidation reformer 44 is NG (NO in step S3), the process
proceeds to step S7. In step S7, the temperature of the
partial oxidation reformer 44 is regulated, and the raw
fuel and the air (O2/C) supplied to the partial oxidation
reformer 44 are regulated.
[0067] Further, in step S4, if the stack temperature is
less than T2 (NO in step S4), the process proceeds to
step S8. In step S8, it is determined whether the temper-
ature of the exhaust gas combustor 46 is a predetermine
temperature T3 (e.g., 900° C) or more. If it is determined
that the temperature of the exhaust gas combustor 46 is
the predetermined temperature T3 or more (YES in step
S8), the process returns to step S4. If it is determined
that the temperature of the exhaust gas combustor 46 is
less than the predetermined temperature T3 (NO in step
S8), the process returns to step S2.
[0068] In the first embodiment, the heat exchanger 48
is provided on one side of the fuel cell stack 22, and the
partial oxidation reformer 44 and the exhaust gas com-
bustor 46 are provided on the other side of the fuel cell
stack 22. Thus, heat radiation from the fuel cell stack 22
is minimized, and variation in the temperature distribution
in the fuel cell stack 22 is reduced. Accordingly, the heat
energy losses can be suppressed, and thermally self-
sustaining operation is facilitated easily.
[0069] The thermally self-sustaining operation herein
means operation where the entire heat quantity required
for operation of the fuel cell system 10 is supplied within
the fuel cell system 10, and where the operating temper-
ature of the fuel cell system 10 can be maintained only
using the heat generated by the fuel cell system 10, with-
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out supplying additional heat from the outside.
[0070] Further, the partial oxidation reformer 44 is pro-
vided around the exhaust gas combustor 46. In the struc-
ture, in the state where the self-ignition temperature is
maintained, the fuel exhaust gas and the oxygen-con-
taining exhaust gas discharged from the fuel cell stack
22 can be supplied into the exhaust gas combustor 46.
Accordingly, in the exhaust gas combustor 46, stability
in combustion is improved suitably, and thermally self-
sustaining operation is facilitated easily.
[0071] Moreover, as a reformer, only the partial oxida-
tion reformer 44 is provided without requiring any steam
reformer. Thus, since the water supply system for sup-
plying water vapor is not provided, reduction in the
number of parts can be achieved, and reduction in the
cost and size of the entire fuel cell module 12 is achieved.
[0072] Further, in the first embodiment, the fuel cell
module 12 includes the first thermoelectric converter 76a
and the second thermoelectric converter 76b for perform-
ing thermoelectric conversion based on the temperature
difference between the oxygen-containing gas and the
combustion gas. As shown in FIG. 2, the first thermoe-
lectric converter 76a and the second thermoelectric con-
verter 76b include the first channel member 82 as a pas-
sage of the oxygen-containing gas as a medium to be
heated, the second channel member 84 as a passage of
the combustion gas as a heating medium, and the plu-
rality of thermoelectric conversion elements 86a, 86b,
and 86c each having a different thermoelectric conver-
sion temperature. The thermoelectric conversion ele-
ments 86a, 86b, and 86c are provided between the first
channel member 82 and the second channel member 84.
[0073] In the structure, the first thermoelectric convert-
er 76a and the second thermoelectric converter 76b can
collect electrical energy based on the temperature differ-
ence between the combustion gas and the oxygen-con-
taining gas. That is, the heat energy can be collected as
electrical energy. In particular, it becomes possible to
improve the power generation efficiency without any loss-
es in the start-up time. Further, since the temperature of
the combustion gas is decreased, generation of waste
heat is suppressed. Moreover, since the temperature of
the oxygen-containing gas is increased, thermally self-
sustaining operation is facilitated. Instead of providing
the first thermoelectric converter 76a and the second
thermoelectric converter 76b, only one of the first ther-
moelectric converter 76a and the second thermoelectric
converter 76b may be provided.
[0074] The combustion gas herein is a gas produced
by the exhaust gas combustor 46. The combustion gas
is a heating medium which can provide heat by perform-
ing heat exchange with a fluid to be heated (e.g., another
gas). After heat energy is released from the combustion
gas, the combustion gas is referred to as the exhaust gas.
[0075] Further, in the fuel cell module 12, the combus-
tion gas channels 74a to 74c for supplying the combus-
tion gas discharged from the exhaust gas combustor 46
successively to the fuel cell stack 22 and the heat ex-

changer 48, and the oxygen-containing gas channel 53
for supplying the oxygen-containing gas to the heat ex-
changer 48 and the partial oxidation reformer 44 are pro-
vided. The first thermoelectric converter 76a and the sec-
ond thermoelectric converter 76b are provided down-
stream of the heat exchanger 48 in the combustion gas
channel 74c, and provided upstream of the heat ex-
changer 48 and the partial oxidation reformer 44 in the
oxygen-containing gas channel 53.
[0076] Thus, the temperature difference between the
combustion gas and the oxygen-containing gas, i.e., the
heat energy can be collected as electrical energy without
hindering thermally self-sustaining operation, and it be-
comes possible to improve the power generation efficien-
cy. Further, since the temperature of the combustion gas
is decreased, generation of waste heat is suppressed.
Moreover, since the temperature of the oxygen-contain-
ing gas is increased, thermally self-sustaining operation
is facilitated.
[0077] Further, the oxygen-containing gas channel 53
is branched into the first oxygen-containing gas supply
channel 53a for supplying the oxygen-containing gas to
the heat exchanger 48 and the second oxygen-contain-
ing gas supply channel 53b for supplying the oxygen-
containing gas to the partial oxidation reformer 44. The
oxygen-containing gas regulator valve 78 for regulating
distribution of the oxygen-containing gas is provided at
the branch portion.
[0078] In the system, temperatures of the fuel cell stack
22 and the FC peripheral equipment (BOP) 50 including
the heat exchanger 48 can be increased at the same
time, and thus, reduction in the start-up time is achieved.
Further, since reduction reaction can be induced on the
anode side, the start-up time is reduced.
[0079] Further, at least one of the first thermoelectric
converter 76a and the second thermoelectric converter
76b is provided in the first oxygen-containing gas supply
channel 53a or the second oxygen-containing gas supply
channel 53b, at a position downstream of the oxygen-
containing gas regulator valve 78. Thus, the temperature
difference between the combustion gas and the oxygen-
containing gas, i.e., the heat energy can be collected as
electrical energy without hindering thermally self-sustain-
ing operation, and it becomes possible to improve the
power generation efficiency.
[0080] Further, since the temperature of the combus-
tion gas is decreased, generation of waste heat is sup-
pressed. Moreover, since the temperature of the oxygen-
containing gas is increased, thermally self-sustaining op-
eration is facilitated. Moreover, since the temperature of
the oxygen-containing gas is increased on the down-
stream side of the oxygen-containing gas regulator valve
78, durability of the oxygen-containing gas regulator
valve 78 is not impaired.
[0081] Further, as shown in FIG. 2, in the first thermo-
electric converter 76a and the second thermoelectric
converter 76b, the combustion gas flowing through the
serpentine combustion gas channel 84c and the oxygen-
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containing gas flowing through the serpentine oxygen-
containing gas channel 82c flow in parallel to each other,
and the thermoelectric conversion elements 86a, 86b,
and 86c each having a different thermoelectric conver-
sion temperature are provided.
[0082] Therefore, for example, on the upstream side
of the parallel flow, since the temperature difference be-
tween the combustion gas and the oxygen-containing
gas is large, the hot temperature type thermoelectric con-
version element 86a is used. On the downstream side of
the parallel flow, since the temperature difference is
small, the low temperature type thermoelectric conver-
sion element 86c is used. In this manner, since the opti-
mum thermoelectric conversion elements 86a, 86b, and
86c are used depending on the temperature difference,
the efficient thermoelectric conversion can be performed
reliably.
[0083] Further, in the fuel cell module 12, the heat ex-
changer 48 is provided on one side of the fuel cell stack
22 in the stacking direction of the fuel cells 20, and the
partial oxidation reformer 44 and the exhaust gas com-
bustor 46 are provided on the other side of the fuel cell
stack 22 in the stacking direction of the fuel cells 20.
Thus, heat radiation from the fuel cell module 12 is min-
imized, and the heat energy losses can be suppressed.
Stated otherwise, thermally self-sustaining operation is
facilitated.
[0084] Further, the fuel cell module 12 is a solid oxide
fuel cell module. Therefore, the fuel cell module 12 is
most applicable to high temperature type fuel cells such
as SOFC.
[0085] As shown in FIG. 5, a fuel cell system 10a in-
cludes a fuel cell module 12a according to a second em-
bodiment of the present invention. The constituent ele-
ments of the fuel cell module 12a according to the second
embodiment of the present invention that are identical to
those of the fuel cell module 12 according to the first
embodiment are labeled with the same reference numer-
als, and description thereof will be omitted.
[0086] The fuel cell module 12a includes a thermoe-
lectric converter 76, and the thermoelectric converter 76
is provided in the oxygen-containing gas channel 53, at
a position upstream of the oxygen-containing gas regu-
lator valve 78. The oxygen-containing gas is supplied to
the thermoelectric converter 76 through the oxygen-con-
taining gas channel 53, and the combustion gas is sup-
plied to the thermoelectric converter 76 through the com-
bustion gas channel 74c. The thermoelectric converter
76 has the same structure as the first thermoelectric con-
verter 76a (and the second thermoelectric converter 76b)
according to the first embodiment.
[0087] In the second embodiment, the same advan-
tages as in the case of the first embodiment are obtained.
For example, the temperature difference between the
combustion gas and the oxygen-containing gas, i.e., the
heat energy can be collected as electrical energy without
hindering thermally self-sustaining operation, and it be-
comes possible to improve the power generation efficien-

cy. Further, since the temperature of the combustion gas
is decreased, generation of waste heat is suppressed.
Moreover, since the temperature of the oxygen-contain-
ing gas is increased, thermally self-sustaining operation
is facilitated.
[0088] Further, since the thermoelectric converter 76
is provided in the oxygen-containing gas channel 53 at
a position upstream of the oxygen-containing gas regu-
lator valve 78, only the single thermoelectric converter
76 can be provided. Thus, structure is simplified econom-
ically and advantageously.
[0089] FIG. 6 is an exploded perspective view showing
main components of a thermoelectric converter 100 of a
fuel cell module according to a third embodiment of the
present invention.
[0090] The thermoelectric converter 100 may be used
instead of at least any of the first thermoelectric converter
76a and the second thermoelectric converter 76b (ther-
moelectric converter 76) according to the first and second
embodiments of the present invention. Likewise, the ther-
moelectric converter as described later in fourth and fifth
embodiments may be used instead of at least any of the
first thermoelectric converter 76a and the second ther-
moelectric converter 76b (thermoelectric converter 76)
according to the first and second embodiments of the
present invention.
[0091] The thermoelectric converter 100 includes a
first channel member 102 as a passage of the oxygen-
containing gas, a second channel member 104 as a pas-
sage of the combustion gas, and a plurality of thermoe-
lectric conversion elements 106 provided between the
first channel member 102 and the second channel mem-
ber 104. The thermoelectric conversion elements 106
have a predetermined thermoelectric conversion temper-
ature.
[0092] The first channel member 102 includes a ser-
pentine oxygen-containing gas channel 102c extending
in a serpentine pattern between an oxygen-containing
gas inlet 102a and an oxygen-containing gas outlet 102b.
The serpentine oxygen-containing gas channel 102c is
formed by partition plates 102d provided alternately in a
zigzag pattern in the first channel member 102.
[0093] The second channel member 104 includes a
serpentine combustion gas channel 104c extending in a
serpentine pattern between a combustion gas inlet 104a
and a combustion gas outlet 104b. The serpentine com-
bustion gas channel 104c is formed by partition plates
104d provided alternately in a zigzag pattern in the sec-
ond channel member 104. The combustion gas in the
serpentine combustion gas channel 104c and the oxy-
gen-containing gas in the serpentine oxygen-containing
gas channel 102c flow in a counterflow manner.
[0094] In the third embodiment having the above struc-
ture, in the thermoelectric converter 100, the combustion
gas and the oxygen-containing gas flow in a counterflow
manner. The thermoelectric converter 100 includes the
plurality of thermoelectric conversion elements 106 hav-
ing a predetermined thermoelectric conversion temper-
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ature. In the structure, in the thermoelectric converter
100, the thermoelectric conversion elements having the
optimum thermoelectric conversion temperature can be
used depending on the expected temperature difference.
Thus, efficient thermoelectric conversion can be per-
formed reliably.
[0095] FIG. 7 is an exploded perspective view showing
main components of a thermoelectric converter 110 of a
fuel cell module according to a fourth embodiment of the
present invention.
[0096] The thermoelectric converter 110 includes a
first channel member 112 as a passage of the oxygen-
containing gas, a second channel member 114 as a pas-
sage of the combustion gas, and a plurality of thermoe-
lectric conversion elements 116 provided between the
first channel member 112 and the second channel mem-
ber 114. The thermoelectric conversion elements 116
have a predetermined thermoelectric conversion temper-
ature.
[0097] The first channel member 112 includes a ser-
pentine oxygen-containing gas channel 112c extending
in a serpentine pattern between an oxygen-containing
gas inlet 112a and an oxygen-containing gas outlet 112b.
The serpentine oxygen-containing gas channel 112c is
formed by partition plates 112d provided alternately in a
zigzag pattern in the first channel member 112.
[0098] The second channel member 114 includes a
serpentine combustion gas channel 114c extending in a
serpentine pattern between a combustion gas inlet 114a
and a combustion gas outlet 114b. The serpentine com-
bustion gas channel 114c is formed by partition plates
114d provided alternately in a zigzag pattern in the sec-
ond channel member 114. The combustion gas in the
serpentine combustion gas channel 114c and the oxy-
gen-containing gas in the serpentine oxygen-containing
gas channel 112c flow in a manner that the combustion
gas and the oxygen-containing gas intersect with each
other.
[0099] In the fourth embodiment having the above
structure, in the thermoelectric converter 110, the com-
bustion gas and the oxygen-containing gas flow in a man-
ner that the combustion gas and the oxygen-containing
gas intersect with each other. The thermoelectric con-
verter 110 includes the plurality of thermoelectric conver-
sion elements 116 having a predetermined thermoelec-
tric conversion temperature. In the structure, in the ther-
moelectric converter 110, the thermoelectric conversion
elements 116 having the optimum thermoelectric con-
version temperature can be used depending on the ex-
pected temperature difference. Thus, efficient thermoe-
lectric conversion can be performed reliably.
[0100] FIG. 8 is an exploded perspective view showing
main components of a thermoelectric converter 120 of a
fuel cell module according to a fifth embodiment of the
present invention.
[0101] The thermoelectric converter 120 includes a
first channel member 122 as a passage of the oxygen-
containing gas, a second channel member 124 as a pas-

sage of the combustion gas, and a plurality of thermoe-
lectric conversion elements 126 provided between the
first channel member 122 and the second channel mem-
ber 124. The thermoelectric conversion elements 126
have a predetermined thermoelectric conversion temper-
ature.
[0102] The first channel member 122 includes a ser-
pentine oxygen-containing gas channel 122c extending
in a serpentine pattern between an oxygen-containing
gas inlet 122a and an oxygen-containing gas outlet 122b.
The serpentine oxygen-containing gas channel 122c is
formed by partition plates 122d provided alternately in a
zigzag pattern in the first channel member 122.
[0103] The second channel member 124 includes a
serpentine combustion gas channel 124c extending in a
serpentine pattern between a combustion gas inlet 124a
and a combustion gas outlet 124b. The serpentine com-
bustion gas channel 124c is formed by partition plates
124d provided alternately in a zigzag pattern in the sec-
ond channel member 124. The combustion gas in the
serpentine combustion gas channel 124c and the oxy-
gen-containing gas in the serpentine oxygen-containing
gas channel 122c flow symmetrically with each other.
[0104] In the fifth embodiment having the above struc-
ture, in the thermoelectric converter 120, the combustion
gas and the oxygen-containing gas flow symmetrically
with each other. The thermoelectric converter 120 in-
cludes the plurality of thermoelectric conversion ele-
ments 126 having a predetermined thermoelectric con-
version temperature. In the structure, in the thermoelec-
tric converter 120, the thermoelectric conversion ele-
ments 126 having the optimum thermoelectric conver-
sion temperature can be used depending on the expect-
ed temperature difference. Thus, efficient thermoelectric
conversion can be performed reliably.
[0105] Although certain embodiments of the present
invention have been shown and described in detail, it
should be understood that various changes and modifi-
cations may be made to the embodiments without de-
parting from the scope of the invention as set forth in the
appended claims.

Claims

1. A fuel cell module comprising:

a fuel cell stack (22) for generating electricity by
electrochemical reactions of a fuel gas and an
oxygen- containing gas;
a partial oxidation reformer (44) for reforming a
mixed gas of an oxygen-containing gas and a
raw fuel chiefly containing hydrocarbon to pro-
duce the fuel gas, and supplying the fuel gas to
the fuel cell stack (22);
an exhaust gas combustor (46) for combusting
the fuel gas discharged from the fuel cell stack
(22) as a fuel exhaust gas and the oxygen-con-

17 18 



EP 2 769 432 B1

11

5

10

15

20

25

30

35

40

45

50

55

taining gas discharged from the fuel cell stack
(22) as an oxygen-containing exhaust gas to
produce a combustion gas; and
a heat exchanger (48) for raising a temperature
of the oxygen-containing gas by heat exchange
with the combustion gas, and supplying the ox-
ygen-containing gas to the fuel cell stack (22);
wherein the heat exchanger (48) is provided on
one side of the fuel cell stack (22), and the partial
oxidation reformer (44) and the exhaust gas
combustor (46) are provided on the other side
of the fuel cell stack (22);
the partial oxidation reformer (44) is provided
around the exhaust gas combustor (46); and
the fuel cell module (12) includes a thermoelec-
tric converter (76, 76a, 76b) for performing ther-
moelectric conversion based on a temperature
difference between the combustion gas and the
oxygen-containing gas,
wherein the fuel cell module further comprises
a combustion gas channel (74a to 74c) for sup-
plying the combustion gas discharged from the
exhaust gas combustor (46) successively to the
fuel cell stack (22) and the heat exchanger (48);
and
an oxygen-containing gas channel (53) for sup-
plying the oxygen-containing gas to the heat ex-
changer (48) and the partial oxidation reformer
(44),
wherein the thermoelectric converter (76a, 76b)
is provided downstream of the heat exchanger
(48) in the combustion gas channel (74c), and
upstream of the heat exchanger (48) and the
partial oxidation reformer (44) in the oxygen-
containing gas channel (53).

2. The fuel cell module according to claim 1, wherein
the oxygen-containing gas channel (53) is branched
into a first oxygen-containing gas supply channel
(53a) for supplying the oxygen-containing gas to the
heat exchanger (48) and a second oxygen-contain-
ing gas supply channel (53b) for supplying the oxy-
gen-containing gas to the partial oxidation reformer
(44); and
an oxygen-containing gas regulator valve (78) for
regulating a distribution amount of the oxygen-con-
taining gas is provided at a branch portion.

3. The fuel cell module according to claim 2, wherein
the thermoelectric converter (76) is provided in the
oxygen-containing gas channel (53) at a position up-
stream of the oxygen-containing gas regulator valve
(78).

4. The fuel cell module according to claim 2, wherein
the thermoelectric converter (76a, 76b) is provided
in at least one of the first oxygen-containing gas sup-
ply channel (53a) and the second oxygen-containing

gas supply channel (53b), at a position downstream
of the oxygen- containing gas regulator valve (78).

5. The fuel cell module according to claim 1, wherein
the combustion gas and the oxygen-containing gas
flow in the thermoelectric converter (76a, 76b) in par-
allel to each other, and the thermoelectric converter
(76a, 76b) includes a plurality of thermoelectric con-
version elements (86a to 86b) each having a different
thermoelectric conversion temperature.

6. The fuel cell module according to claim 1, wherein
the combustion gas and the oxygen-containing gas
flow in the thermoelectric converter (100) in a coun-
terflow manner, and the thermoelectric converter
(100) includes a plurality of thermoelectric conver-
sion elements (106) having a predetermined ther-
moelectric conversion temperature.

7. The fuel cell module according to claim 1, wherein
the combustion gas and the oxygen-containing gas
flow in the thermoelectric converter (110) in a man-
ner that the combustion gas and the oxygen-contain-
ing gas intersect with each other, and the thermoe-
lectric converter (110) includes a plurality of thermo-
electric conversion elements (116) having a prede-
termined thermoelectric conversion temperature.

8. The fuel cell module according to claim 1, wherein
the combustion gas and the oxygen-containing gas
flow in the thermoelectric converter (120) symmetri-
cally with each other, and the thermoelectric con-
verter (120) includes a plurality of thermoelectric
conversion elements (126) having a predetermined
thermoelectric conversion temperature.

9. The fuel cell module according to claim 1, wherein
the heat exchanger (48) is provided on one side of
the fuel cell stack (22) in a stacking direction; and
the partial oxidation reformer (44) and the exhaust
gas combustor (46) are provided on the other side
of the fuel cell stack (22) in the stacking direction.

10. The fuel cell module according to claim 1, wherein
the fuel cell module (12) is a solid oxide fuel cell
module.

Patentansprüche

1. Brennstoffzellenmodul, welches aufweist:

einen Brennstoffzellenstapel (22) zum Erzeu-
gen von Elektrizität durch elektrochemische Re-
aktionen von Brenngas und sauerstoffhaltigem
Gas;
einen partiellen Oxidationsreformer (44) zum
Reformieren eines Mischgases von sauerstoff-
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haltigem Gas und hauptsächlich Kohlenwasser-
stoff enthaltendem Rohrbrennstoff zum Erzeu-
gen des Brenngases und Zuführen des Brenn-
gases zu dem Brennstoffzellenstapel (22);
einen Abgasverbrenner (46) zum Verbrennen
des vom Brennstoffzellenstapel (22) abgegebe-
nen Brenngases als Brennabgas und des vom
Brennstoffzellenstapel (22) abgegebenen sau-
erstoffhaltigen Gases als sauerstoffhaltiges Ab-
gas zum Erzeugen eines Verbrennungsgases;
und
einen Wärmetauscher (48) zum Anheben einer
Temperatur des sauerstoffhaltigen Gases durch
Wärmeaustausch mit dem Verbrennungsgas
und Zuführen des sauerstoffhaltigen Gases zu
dem Brennstoffzellenstapel (22);
wobei der Wärmetauscher (48) an einer Seite
des Brennstoffzellenstapels (22) vorgesehen ist
und der partielle Oxidationsreformer (44) und
der Abgasverbrenner (46) an der anderen Seite
des Brennstoffzellenstapels (22) vorgesehen
sind,
der partielle Oxidationsreformer (44) um den
Abgasverbrenner (46) herum vorgesehen ist;
und
das Brennstoffzellenmodul (12) einen thermoe-
lektrischen Wandler (76, 76a, 76b) zur Durch-
führung einer thermoelektrischen Umwandlung
basierend auf einer Temperaturdifferenz zwi-
schen dem Verbrennungsgas und dem sauer-
stoffhaltigen Gas enthält,
wobei das Brennstoffzellenmodul ferner einen
Verbrennungsgaskanal (74a bis 74c) enthält,
zum Zuführen des von dem Abgasverbrenner
(46) abgegebenen Verbrennungsgases suk-
zessiv zu dem Brennstoffzellenstapel (22) und
dem Wärmetauscher (48); und
einen Sauerstoffhaltiges-Gas-Kanal (53) zum
Zuführen des sauerstoffhaltigen Gases zu dem
Wärmetauscher (48) und dem partiellen Oxdia-
tionsreformer (44),
wobei der thermoelektrische Wandler (76a, 76b)
stromab des Wärmetauschers (48) in dem Ver-
brennungsgaskanal (74c) und stromauf des
Wärmetauschers (48) und des partiellen Oxida-
tionsreformers (44) in dem Sauerstoffhaltiges-
Gas-Kanal (53) vorgesehen ist.

2. Das Brennstoffzellenmodul nach Anspruch 1, wobei
der Sauerstoffhaltiges-Gas-Kanal (53) in einen ers-
ten Sauerstoffhaltiges-Gas-Zuführkanal (53a) zum
Zuführen des sauerstoffhaltigen Gases zu dem Wär-
metauscher (48) und einen zweiten Sauerstoffhalti-
ges-Gas-Zuführkanal (53b) zum Zuführen des sau-
erstoffhaltigen Gases zu dem partiellen Oxidations-
reformer (44) verzweigt ist; und
ein Sauerstoffhaltiges-Gas-Regulierventil (78) zum
Regulieren einer Verteilungsmenge des sauerstoff-

haltigen Gases an einem Verzweigungsabschnitt
vorgesehen ist.

3. Das Brennstoffzellenmodul nach Anspruch 2, wobei
der thermoelektrische Wandler (76) im Sauerstoff-
haltiges-Gas-Kanal (53) an einer Position stromauf
des Sauerstoffhaltiges-Gas-Regulierventils (78)
vorgesehen ist.

4. Das Brennstoffzellenmodul nach Anspruch 2, wobei
der thermoelektrische Wandler (76a, 76b) in dem
ersten Sauerstoffhaltiges-Gas-Zuführkanal (53a)
und/oder dem zweiten Sauerstoffhaltiges-Gas-Zu-
führkanal (53b) an einer Position stromab des Sau-
erstoffhaltiges-Gas-Regulierventils (78) vorgese-
hen ist.

5. Das Brennstoffzellenmodul nach Anspruch 1, wobei
das Verbrennungsgas und das sauerstoffhaltige
Gas in dem thermoelektrischen Wandler (76a, 76b)
zueinander parallel fließen, und der thermoelektri-
sche Wandler (76a, 76b) eine Mehrzahl von thermo-
elektrischen Wandlerelementen (86a bis 86b) ent-
hält, die jeweils eine unterschiedliche thermoelekt-
rische Umwandlungstemperatur haben.

6. Das Brennstoffzellenmodul nach Anspruch 1, wobei
das Verbrennungsgas und das sauerstoffhaltige
Gas in dem thermoelektrischen Wandler (100) im
Gegenstrom fließen, und der thermoelektrische
Wandler (100) eine Mehrzahl von thermoelektri-
schen Wandlerelementen (106) enthält, die eine vor-
bestimmte thermoelektrische Umwandlungstempe-
ratur haben.

7. Das Brennstoffzellenmodul nach Anspruch 1, wobei
das Verbrennungsgas und das sauerstoffhaltige
Gas in dem thermoelektrischen Wandler (110) derart
fließen, dass das Verbrennungsgas und das sauer-
stoffhaltige Gas einander kreuzen, und der thermo-
elektrische Wandler (110) eine Mehrzahl von ther-
moelektrischen Wandlerelementen (116) enthält,
die eine vorbestimmte thermoelektrische Umwand-
lungstemperatur haben.

8. Das Brennstoffzellenmodul nach Anspruch 1, wobei
das Verbrennungsgas und das sauerstoffhaltige
Gas in dem thermoelektrischen Wandler (120) zu-
einander symmetrisch fließen, und der thermoelek-
trische Wandler (120) eine Mehrzahl von thermoe-
lektrischen Wandlerelementen (126) enthält, die ei-
ne vorbestimmte thermoelektrische Umwandlungs-
temperatur haben.

9. Das Brennstoffzellenmodul nach Anspruch 1, wobei
der Wärmetauscher (48) in Stapelrichtung an einer
Seite des Brennstoffzellenstapels (22) vorgesehen
ist; und
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der partielle Oxidationsreformer (44) und der Abgas-
verbrenner (46) in der Stapelrichtung an der anderen
Seite des Brennstoffzellenstapels (22) vorgesehen
sind.

10. Das Brennstoffzellenmodul nach Anspruch 1, wobei
das Brennstoffzellenmodul (12) ein Festoxid-Brenn-
stoffzellenmodul ist.

Revendications

1. Module de piles à combustible comprenant :

un empilage de piles à combustible (22) pour
générer de l’électricité par les réactions électro-
chimiques d’un combustible gazeux et d’un gaz
contenant de l’oxygène ;
un dispositif de reformage par oxydation partiel-
le (44) pour reformer un mélange gazeux d’un
gaz contenant de l’oxygène et d’un combustible
brut contenant principalement un hydrocarbure
pour produire le combustible gazeux, et fournir
le combustible gazeux à l’empilage de piles à
combustible (22) ;
une chambre de combustion de gaz d’échappe-
ment (46) pour la combustion du combustible
gazeux déchargé de l’empilage de piles à com-
bustible (22) en tant que gaz d’échappement de
combustible et du gaz contenant de l’oxygène
déchargé de l’empilage de piles à combustible
(22) en tant que gaz d’échappement contenant
de l’oxygène pour produire un gaz de
combustion ; et
un échangeur de chaleur (48) pour augmenter
une température du gaz contenant de l’oxygène
par un échange de chaleur avec le gaz de com-
bustion, et fournir le gaz contenant de l’oxygène
à l’empilage de piles à combustible (22) ;
dans lequel l’échangeur de chaleur (48) est pré-
vu d’un côté de l’empilage de piles à combustible
(22), et le dispositif de reformage par oxydation
partielle (44) et la chambre de combustion de
gaz d’échappement (46) sont prévus de l’autre
côté de l’empilage de piles à combustible (22) ;
le dispositif de reformage par oxydation partielle
(44) est prévu autour de la chambre de combus-
tion de gaz d’échappement (46) ; et
le module de piles à combustible (12) comprend
un convertisseur thermoélectrique (76, 76a,
76b) pour effectuer une conversion thermoélec-
trique sur la base d’une différence de tempéra-
ture entre le gaz de combustion et le gaz con-
tenant de l’oxygène,
dans lequel le module de piles à combustible
comprend en outre un canal de gaz de combus-
tion (74a à 74c) pour fournir le gaz de combus-
tion déchargé de la chambre de combustion de

gaz d’échappement (46) successivement à
l’empilage de piles à combustible (22) et à
l’échangeur de chaleur (48); et
un canal de gaz contenant de l’oxygène (53)
pour fournir le gaz contenant de l’oxygène à
l’échangeur de chaleur (48) et au dispositif de
reformage par oxydation partielle (44),
dans lequel le convertisseur thermoélectrique
(76a, 76b) est prévu en aval de l’échangeur de
chaleur (48) dans le canal de gaz de combustion
(74c), et en amont de l’échangeur de chaleur
(48) et du dispositif de reformage par oxydation
partielle (44) dans le canal de gaz contenant de
l’oxygène (53).

2. Module de piles à combustible selon la revendication
1, dans lequel le canal de gaz contenant de l’oxygène
(53) est divisé en un premier canal d’alimentation en
gaz contenant de l’oxygène (53a) pour fournir le gaz
contenant de l’oxygène à l’échangeur de chaleur
(48) et un deuxième canal d’alimentation en gaz con-
tenant de l’oxygène (53b) pour fournir le gaz conte-
nant de l’oxygène au dispositif de reformage par oxy-
dation partielle (44) ; et
une vanne de régulation de gaz contenant de l’oxy-
gène (78) pour réguler une quantité de distribution
du gaz contenant de l’oxygène est prévue au niveau
d’une partie de branchement.

3. Module de piles à combustible selon la revendication
2, dans lequel le convertisseur thermoélectrique (76)
est prévu dans le canal de gaz contenant de l’oxy-
gène (53) à une position en amont de la vanne de
régulation de gaz contenant de l’oxygène (78).

4. Module de piles à combustible selon la revendication
2, dans lequel le convertisseur thermoélectrique
(76a, 76b) est prévu dans au moins l’un du premier
canal d’alimentation en gaz contenant de l’oxygène
(53a) et du deuxième canal d’alimentation en gaz
contenant de l’oxygène (53b), à une position en aval
de la vanne de régulation de gaz contenant de l’oxy-
gène (78).

5. Module de piles à combustible selon la revendication
1, dans lequel le gaz de combustion et le gaz con-
tenant de l’oxygène s’écoulent dans le convertisseur
thermoélectrique (76a, 76b) parallèlement l’un à
l’autre, et le convertisseur thermoélectrique (76a,
76b) comprend une pluralité d’éléments de conver-
sion thermoélectrique (86a à 86b) ayant chacun une
température de conversion thermoélectrique diffé-
rente.

6. Module de piles à combustible selon la revendication
1, dans lequel le gaz de combustion et le gaz con-
tenant de l’oxygène s’écoulent dans le convertisseur
thermoélectrique (100) d’une manière à contre-cou-
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rant, et le convertisseur thermoélectrique (100) com-
prend une pluralité d’éléments de conversion ther-
moélectrique (106) ayant une température de con-
version thermoélectrique prédéterminée.

7. Module de piles à combustible selon la revendication
1, dans lequel le gaz de combustion et le gaz con-
tenant de l’oxygène s’écoulent dans le convertisseur
thermoélectrique (110) d’une manière telle que le
gaz de combustion et le gaz contenant de l’oxygène
se croisent, et le convertisseur thermoélectrique
(110) comprend une pluralité d’éléments de conver-
sion thermoélectrique (116) ayant une température
de conversion thermoélectrique prédéterminée.

8. Module de piles à combustible selon la revendication
1, dans lequel le gaz de combustion et le gaz con-
tenant de l’oxygène s’écoulent dans le convertisseur
thermoélectrique (120) de manière symétrique l’un
par rapport à l’autre, et le convertisseur thermoélec-
trique (120) comprend une pluralité d’éléments de
conversion thermoélectrique (126) ayant une tem-
pérature de conversion thermoélectrique prédéter-
minée.

9. Module de piles à combustible selon la revendication
1, dans lequel l’échangeur de chaleur (48) est prévu
d’un côté de l’empilage de piles à combustible (22)
dans une direction d’empilage ; et
le dispositif de reformage par oxydation partielle (44)
et la chambre de combustion de gaz d’échappement
(46) sont prévus de l’autre côté de l’empilage de piles
à combustible (22) dans la direction d’empilage.

10. Module de piles à combustible selon la revendication
1, dans lequel le module de piles à combustible (12)
est un module de piles à combustible à oxyde solide.
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