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A solid oxide fuel cell system (10) comprises a solid oxide fuel
cell stack (12) and a gas turbine engine (14), a compressor (24)
of the gas turbine engine (14) is arranged to supply oxidant to
the cathodes (22) of the solid oxide fuel cell stack (12) and a fuel
supply (32) is arranged to supply fuel to the anodes (20) of the
solid oxide fuel cell stack (12). A portion of the unused oxidant
from the cathodes (22) of the solid oxide fuel cell stack (12) is
supplied back to the cathodes (22) of the solid oxide fuel cell
stack (12). A portion of the unused fuel from the anodes (20)
of the solid oxide fuel cell stack (12) is supplied to a combustor
(52). A portion of the unused oxidant from the cathodes (22) of
the solid oxide fuel cell stack (12) is supplied to the combustor
(52) and the combustor (52) is arranged to supply exhaust gases
to afirst inlet (68) of a heat exchanger (66). The heat exchanger
(66) is arranged to supply a portion of the exhaust gases from
a first outlet (72) of the heat exchanger (66) to a turbine (26)
of the gas turbine engine (14). The portion of the oxidant from
the compressor (24) and the unused oxidant from the cathodes
(22) of the solid oxide fuel cell stack (12) are arranged to be
supplied to a second inlet (78) of the heat exchanger (66). The
heat exchanger (66) is arranged to supply the portion of the
oxidant from the compressor (24) and the unused oxidant from
the cathodes (22) of the solid oxide fuel cell stack (12) to the
cathodes (22) of the solid oxide fuel cell stack (12) to preheat
the oxidant supplied to the cathodes (22) of the solid oxide fuel
cell stack (12).
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(57) Abstract: A solid oxide fuel cell system (10) comprises a solid oxide fuel cell stack (12) and a gas turbine engine (14), a
compressor (24) of the gas turbine engine (14) is arranged to supply oxidant to the cathodes (22) of the solid oxide fuel cell stack
(12) and a fuel supply (32) is arranged to supply fuel to the anodes (20) of the solid oxide fuel cell stack (12). A portion of the un-
used oxidant from the cathodes (22) of the solid oxide fuel cell stack (12) is supplied back to the cathodes (22) of the solid oxide
fuel cell stack (12). A portion of the unused fuel from the anodes (20) of the solid oxide fuel cell stack (12) is supplied to a com-
bustor (52). A portion of the unused oxidant from the cathodes (22) of the solid oxide fuel cell stack (12) is supplied to the com-
bustor (52) and the combustor (52) is arranged to supply exhaust gases to a first inlet (68) of a heat exchanger (66). The heat ex-
changer (66) is arranged to supply a portion of the exhaust gases from a first outlet (72) of the heat exchanger (66) to a turbine
(26) of the gas turbine engine (14). The portion of the oxidant from the compressor (24) and the unused oxidant from the cathodes
(22) of the solid oxide fuel cell stack (12) are arranged to be supplied to a second inlet (78) of the heat exchanger (66). The heat
exchanger (66) is arranged to supply the portion of the oxidant from the compressor (24) and the unused oxidant from the cath-
odes (22) of the solid oxide fuel cell stack (12) to the cathodes (22) of the solid oxide fuel cell stack (12) to preheat the oxidant
supplied to the cathodes (22) of the solid oxide fuel cell stack (12).
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A SOLID OXIDE FUEL CELL SYSTEM

The present invention relates to a high temperature fuel cell system, in particular to a
solid oxide fuel cell system.

A problem with a known solid oxide fuel cell system is that the combustor exhaust
gases have been supplied with fresh oxidant to the cathodes of the solid oxide fuel cells
in order to produce a sufficient temperature rise so that the solid oxide fuel cells are at
the required operating temperature. However, it has now been found that some of the
combustion products, e.g. steam, present in the combustor exhaust gases supplied to
the cathodes of the solid oxide fuel cells is detrimental to the performance and durability
of the solid oxide fuel cells.

Accordingly the present invention seeks to provide a novel solid oxide fuel cell system

which reduces, preferably, overcomes the above mentioned problem.

Accordingly the present invention provides a solid oxide fuel cell system comprising a
solid oxide fuel cell stack, a compressor and a turbine, the solid oxide fuel cell stack
comprising at least one solid oxide fuel cell, each solid oxide fuel cell comprising an
electrolyte, an anode and a cathode, the compressor being arranged to supply at least
a portion of the oxidant to the cathode of the at least one solid oxide fuel cell, a fuel
supply being arranged to supply fuel to the anode of the at least one solid oxide fuel
cell, the solid oxide fuel cell stack being arranged to supply a portion of the unused
oxidant from the cathode of the at least one solid oxide fuel cell back to the cathode of
the at least one solid oxide fuel cell, the solid oxide fuel cell stack being arranged to
supply a portion of the unused fuel from the anode of the at least one solid oxide fuel
cell to a combustor, an oxidant supply arranged to supply oxidant to the combustor, the
combustor being arranged to supply the combustor exhaust gases to a first inlet of a
heat exchanger, the heat exchanger being arranged to supply at least a portion of the
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combustor exhaust gases from a first outlet of the heat exchanger to the turbine, the at
least a portion of the oxidant from the compressor and the unused oxidant from the
cathode of the at least one solid oxide fuel cell being arranged to be supplied to a
second inlet of the heat exchanger to preheat the oxidant supplied to the cathode of the
at least one solid oxide fuel cell, the heat exchanger being arranged to supply the at
least a portion of the oxidant from the compressor and the unused oxidant from the
cathode of the at least one solid oxide fuel cell from a second outlet of the heat

exchanger to the cathode of the at least one solid oxide fuel cell.

The oxidant supply to supply oxidant to the combustor may comprise a supply of a
portion of the unused oxidant from the cathode of the at least one solid oxide fuel cell to

the combustor.

The compressor may be arranged to supply a portion of the oxidant to the combustor
and the heat exchanger is arranged to supply a portion of the combustor exhaust gases

from the first outlet of the heat exchanger to the combustor.

The compressor may be arranged to supply a portion of the oxidant to the first inlet of
the heat exchanger such that the portion of oxidant flows with the combustor exhaust
gases into the first inlet of the heat exchanger and the heat exchanger is arranged to
supply a portion of the combustor exhaust gases and a sub portion of the portion of
oxidant from the first outlet of the heat exchanger to the heat exchanger.

A first duct may connect the first outlet of the heat exchanger to the combustor and a
second duct may connect the combustor to the first inlet of the heat exchanger. The
compressor may be arranged to supply a portion of the oxidant to the first duct such
that the portion of oxidant is supplied to the combustor and the solid oxide fuel cell
stack is arranged to supply a portion of the unused oxidant from the cathode of the at
least one solid oxide fuel cell to the combustor. The compressor may be arranged to
supply a portion of the oxidant to the first duct such that the portion of oxidant is
supplied to the combustor and the solid oxide fuel cell stack is arranged to supply a
portion of the unused oxidant from the cathode of the at least one solid oxide fuel cell to
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the second duct. The compressor may be arranged to supply a portion of the oxidant to
the second duct and the solid oxide fuel cell stack is arranged to supply a portion of the
unused oxidant from the cathode of the at least one solid oxide fuel cell to the second
duct. The compressor may be arranged to supply a portion of the oxidant to the second
duct and the solid oxide fuel cell stack is arranged to supply a portion of the unused
oxidant from the cathode of the at least one solid oxide fuel cell to the combustor.

A first duct may connect the first outlet of the heat exchanger to the first inlet of the heat
exchanger. The compressor may be arranged to supply a portion of the oxidant to the
first duct such that the portion of oxidant is supplied to the heat exchanger and the solid
oxide fuel cell stack is arranged to supply a portion of the unused oxidant from the
cathode of the at least one solid oxide fuel cell to the combustor and the combustor is

arranged to supply the combustor exhaust gases to the first duct.

The compressor may be arranged to supply a portion of the oxidant to the combustor,
the solid oxide fuel cell stack is arranged to supply a portion of the unused oxidant from
the cathode of the at least one solid oxide fuel cell to the first inlet of the heat
exchanger and the heat exchanger is arranged to supply a portion of the combustor
exhaust gases and a sub portion of the portion of unused oxidant from the first outlet of

the heat exchanger to the combustor.

The compressor may be arranged to supply a portion of the oxidant to the first inlet of
the heat exchanger with the combustor exhaust gases, the solid oxide fuel cell stack is
arranged to supply a portion of the unused oxidant from the cathode of the at least one
solid oxide fuel cell with the combustor exhaust gases and the portion of the oxidant
from the compressor to the first inlet of the heat exchanger and the heat exchanger is
arranged to supply a portion of the combustor exhaust gases, a sub portion of the
portion of unused oxidant from cathode of the at least one solid oxide fuel cell and a
sub portion of the portion of oxidant from the compressor from the first outlet of the heat

exchanger to the combustor.
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The oxidant supply to supply oxidant to the combustor may comprise a supply of a
portion of the unused oxidant from the cathode of the at least one solid oxide fuel cell to
the combustor, the compressor is arranged to supply a portion of the oxidant to the
combustor and the heat exchanger is arranged to supply a portion of the combustor
exhaust gases from the first outlet of the heat exchanger to the combustor. The
compressor may be arranged to supply a portion of the oxidant to a mixer, the first
outlet of the heat exchanger is arranged to supply a portion of the combustor exhaust
gases to the mixer and the mixer is arranged to supply the portion of oxidant and the
portion of exhaust gases to the combustor.

The oxidant supply to supply oxidant to the combustor may comprise a supply of a
portion of the unused oxidant from the cathode of the at least one solid oxide fuel cell to
the combustor, the compressor is arranged to supply a portion of the oxidant to the first
inlet of the heat exchanger such that the portion of oxidant flows with the combustor
exhaust gases into the first inlet of the heat exchanger and the heat exchanger is
arranged to supply a portion of the combustor exhaust gases and a sub portion of the
portion of oxidant from the first outlet of the heat exchanger to the first inlet of the heat
exchanger. The compressor may be arranged to supply a portion of the oxidant to a
mixer, the first outlet of the heat exchanger is arranged to supply a portion of the
combustor exhaust gases and a sub portion of the oxidant to the mixer and the mixer is
arranged to supply the portion of the oxidant from the compressor, the portion of the
combustor exhaust gases and the sub portion of the portion of oxidant from the first
outlet of the heat exchanger to the first inlet of the heat exchanger.

The oxidant supply to supply oxidant to the combustor comprises the compressor
arranged to supply a portion of the oxidant to the combustor, a supply of a portion of the
unused oxidant from the cathode of the at least one solid oxide fuel cell to the first inlet
of the heat exchanger, and the heat exchanger is arranged to supply a portion of the
combustor exhaust gases and a sub portion of the unused oxidant from the cathode of
the at least one solid oxide fuel cell from the first outlet of the heat exchanger to the
combustor. The compressor may be arranged to supply a portion of the oxidant to a
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mixer, the first outlet of the heat exchanger is arranged to supply a portion of the
combustor exhaust gases and a sub portion of the unused oxidant from the cathode of
the at least one solid oxide fuel cell to the mixer, the mixer is arranged to supply the
portion of the combustor exhaust gases and the sub portion of the portion of the unused
oxidant from the cathode of the at least one solid oxide fuel cell from the first outlet of
the heat exchanger to the combustor.

The oxidant supply to supply oxidant to the combustor comprises the compressor
arranged to supply a portion of the oxidant to the first inlet of the heat exchanger, the
first outlet of the heat exchanger is arranged to supply a portion of the oxidant from the
compressor to the combustor, the combustor is arranged to supply the combustor
exhaust gases to the first inlet of the heat exchanger. The compressor may be
arranged to supply a portion of the oxidant to a mixer, the combustor is arranged to
supply the combustor exhaust gases to the mixer, the mixer is arranged to supply the
portion of the oxidant from the compressor and the combustor exhaust gases from the
combustor to the first inlet of the heat exchanger, the first outlet of the heat exchanger
is arranged to supply a portion of the combustor exhaust gases and a sub portion of the
portion of oxidant from the first outlet of the heat exchanger to the combustor. The fuel
cell stack may be arranged to supply a portion of the unused oxidant from the cathode
of the least one solid oxide fuel cell to the combustor.

The supply of a portion of the unused oxidant from the cathode of the at least one solid
oxide fuel cell back to the cathode of the at least one solid oxide fuel cell may comprise
means to mix the unused oxidant and the at least a portion of oxidant from the
compressor. The means to mix the unused oxidant and the at least a portion of oxidant
from the compressor may comprise a fan, a pump, a blower, an ejector or a

turbomachine.

There may be means to mix the at least a portion of oxidant from the compressor and
the combustor exhaust gases from the first outlet of the heat exchanger. The means to
mix the at least a portion of the oxidant from the compressor and the combustor

exhaust gases may comprise a fan, a pump, a blower, an ejector or a turbomachine.
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There may be means to mix the at least a portion of oxidant from the compressor and
the portion of the combustor exhaust gases and a sub portion of the portion of oxidant
from the first outlet of the heat exchanger to the heat exchanger. The means to mix the
at least a portion of the oxidant from the compressor and the portion of the combustor
exhaust gases and a sub portion of the portion of oxidant may comprise a fan, a pump,
a blower, an ejector or a turbomachine.

There may be means to mix the at least a portion of oxidant from the compressor and
the portion of the combustor exhaust gases and a sub portion of the portion of unused
oxidant from the first outlet of the heat exchanger. The means to mix the at least a
portion of oxidant from the compressor and the portion of the combustor exhaust gases
and the sub portion of the portion of unused oxidant may comprise a fan, a pump, a

blower, an ejector or a turbomachine.

There may be means to mix the combustor exhaust gases and the portion of oxidant
from the compressor. The means to mix combustor exhaust gases and the portion of
oxidant from the compressor may comprise a fan, a pump, a blower, an ejector or a

turbomachine.

The solid oxide fuel cell stack may be arranged to supply a portion of the unused fuel
from the anode of the at least one solid oxide fuel cell back to the anode of the at least
one solid oxide fuel cell. The supply of a portion of the unused fuel from the anode of
the at least one solid oxide fuel cell back to the anode of the at least one solid oxide
fuel cell may comprise means to mix the unused fuel and the fuel from the fuel supply.
The means to mix the unused fuel and the fuel from the fuel supply may comprise a

fan, a pump, a blower, an ejector or a turbomachine.

The compressor may be a compressor of a gas turbine engine and the turbine is a

turbine of the gas turbine engine and the turbine is arranged to drive the compressor.

The turbine may be arranged to drive an electrical generator.
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The present invention also provides a method of operating a solid oxide fuel cell
system, the solid oxide fuel cell system comprising a solid oxide fuel cell stack, a
compressor and a turbine, the solid oxide fuel cell stack comprising at least one solid
oxide fuel cell, each solid oxide fuel cell comprising an electrolyte, an anode and a
cathode, the method comprises supplying at least a portion of the oxidant from the
compressor to the cathode of the at least one solid oxide fuel cell, supplying fuel to the
anode of the at least one solid oxide fuel cell, supplying a portion of the unused oxidant
from the cathode of the at least one solid oxide fuel cell back to the cathode of the at
least one solid oxide fuel cell, supplying a portion of the unused fuel from the anode of
the at least one solid oxide fuel cell to a combustor, supplying oxidant to the combustor,
supplying the combustor exhaust gases to a first inlet of a heat exchanger, supplying at
least a portion of the combustor exhaust gases from a first outlet of the heat exchanger
to the turbine, supplying the at least a portion of the oxidant from the compressor and
the unused oxidant from the cathode of the at least one solid oxide fuel cell to a second
inlet of the heat exchanger to preheat the oxidant supplied to the cathode of the at least
one solid oxide fuel cell, supplying the at least a portion of the oxidant from the
compressor and the unused oxidant from the cathode of the at least one solid oxide fuel
cell from a second outlet of the heat exchanger to the cathode of the at least one solid
oxide fuel cell.

The present invention will be more fully described by way of example with reference to
the accompanying drawings, in which:-

Figure 1 shows a solid oxide fuel cell system according to the present invention;

Figure 2 shows an alternative solid oxide fuel cell system according to the

present invention;

Figure 3 shows a further alternative solid oxide fuel cell system according to the

present invention;
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Figure 4 shows another alternative solid oxide fuel cell system according to the

present invention; and

Figure 5 shows an additional alternative solid oxide fuel cell system according to

the present invention.

Figure 6 shows an additional alternative solid oxide fuel cell system according to

the present invention.

A solid oxide fuel cell system 10 according to the present invention is shown in figure 1
and the solid oxide fuel cell system 10 comprises a solid oxide fuel cell stack 12 and a
gas turbine engine 14. The solid oxide fuel cell stack 12 comprises a plurality of solid
oxide fuel cells 16 and each solid oxide fuel cell 16 comprises an electrolyte 18, an
anode 20 and a cathode 22. The anode 20 and the cathode 22 are arranged on

oppositely directed surfaces of the electrolyte 18.

The gas turbine engine 14 comprises a compressor 24 and a turbine 26, and the
turbine 26 is arranged to drive the compressor 24 via a shaft 28. The turbine 26 of the
gas turbine engine 14 is also arranged to drive an electrical generator 27 via a shaft 29.

The anodes 20 of the solid oxide fuel cells 16 are supplied with a fuel, for example
hydrogen, by a fuel manifold 30 and a fuel supply 32, for example hydrogen, is
arranged to supply fuel to the fuel manifold 30 via duct 34. The cathodes 22 are
supplied with an oxidant, for example oxygen, air etc, by an oxidant manifold 36 and an
oxidant supply 38 is arranged to supply oxidant to the oxidant manifold 36 via a duct 40.
The compressor 24 is located in the duct 40 and pressurises the supply of oxidant to
the oxidant manifold 36.

The anodes 20 are provided with an unused fuel collection manifold 42 into which
unused fuel is discharged. The unused fuel collection manifold 42 is connected to the
duct 34 via ducts 44 and 46 such that a portion of the unused fuel is supplied,
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recirculated, to the fuel manifold 30. A fuel ejector 48 is provided to induce the supply,
recirculation, of unused fuel from the unused fuel collection manifold 42 to the fuel
manifold 30. The ducts 44, 46 and the fuel ejector 48 form means 50 to supply,
recirculate, unused fuel from the anodes 20 of the solid oxide fuel cells 16 back to the
anodes 20 of the solid oxide fuel cells 16. The fuel ejector 48 pressurises the unused
fuel and mixes the unused fuel with the fuel supplied by the fuel supply 32 through the
duct 34 to the fuel manifold 30. Only fuel from the fuel supply 32 flows in a first portion
34A of the duct 34 between the fuel supply 32 and the fuel ejector 48. The fuel from
the fuel supply 32 and the portion of the unused fuel from the anodes 20 of the solid
oxide fuel cells 16 after mixing by the fuel ejector 48 is supplied through a second
portion 34B of the duct 34 to the fuel manifold 30.

The unused fuel collection manifold 42 is also connected to a combustor 52 via the duct
44 and a further duct 54 such that a second portion of the unused fuel is supplied to the

combustor 52.

The cathodes 22 are provided with an unused oxidant collection manifold 56 into which
unused oxidant is discharged. The unused oxidant collection manifold 56 is connected
to the duct 40 via duct 58 such that a portion of the unused oxidant is supplied,
recirculated, to the oxidant manifold 36. An oxidant ejector 60 is provided to induce the
supply, recirculation, of unused oxidant from the unused oxidant collection manifold 56
to the oxidant manifold 36. The ducts 40 and 58 and the oxidant ejector 60 form means
61 to supply, recirculate, unused oxidant from the cathodes 22 of the solid oxide fuel
cells 16 back to the cathodes 22 of the solid oxide fuel cells 16. The oxidant ejector 60
pressurises the unused oxidant and mixes the unused oxidant with the oxidant supplied
by the compressor 24 through the duct 40 to the oxidant manifold 36.

The unused oxidant collection manifold 56 is connected to the combustor 52 via the
duct 58 and a further duct 62 such that a second portion of the unused oxidant is

supplied to the combustor 52.
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The second portion of unused fuel supplied to the combustor 52 is burnt in the second
portion of the unused oxidant supplied to the combustor 52 to produce hot exhaust
gases. The hot exhaust gases produced in the combustor 52 are arranged to flow
through a duct 64 to a heat exchanger 66. The hot exhaust gases are supplied to a first
inlet 68 of the heat exchanger 66 and flow thought a first path 70 within the heat
exchanger 66 to a first outlet 72 of the heat exchanger 66. The hot exhaust gases are
then supplied from the first outlet 72 of the heat exchanger 66 to the turbine 26 through
a duct 73. The hot exhaust gases drive the turbine 26 and then the hot exhaust gases
flow through a duct 74 and are discharged through an exhaust 76. It may be possible
to provide a recuperator in the duct 74 downstream of the turbine 26.

The oxidant from the compressor 24 and the portion of the unused oxidant from the
cathodes 22 of the solid oxide fuel cells 16 after mixing by the oxidant ejector 60 is
supplied through a second portion 40B of the duct 40 to a second inlet 78 of the heat
exchanger 66 and flows through a second flow path 80 within the heat exchanger 66 to
a second outlet 82 of the heat exchanger 66. The oxidant from the compressor 24 and
the portion of the unused oxidant from the cathodes 22 of the solid oxide fuel cells 16 is
then supplied from the second outlet 82 of the heat exchanger 66 to the oxidant
manifold 36 via a third portion 40C of the duct 40. Only oxidant from the compressor 24
flows in a first portion 40A of the duct 40 between the compressor 24 and the oxidant

ejector 60.

Thus, the hot exhaust gases from the combustor 52 flowing through the first flow path
70 within the heat exchanger 66 heats the oxidant from the oxidant supply 38 and the
unused oxidant from the cathodes 22 flowing to the cathodes 22 flowing through the
second flow path 80 within the heat exchanger 66.

The advantage of the present invention is that the oxidant and unused oxidant supplied
to the solid oxide fuel cells is indirectly heated up, using the heat exchanger, and there
is no supply of combustion products, e.g. steam, from the solid oxide fuel cells back to

the cathodes of the solid oxide fuel cells to detrimentally affect the solid oxide fuel cells.
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The solid oxide fuel cell system retains the robustness, operability and affordability of
the prior art mentioned, but the solid oxide fuel cell stack operates in a more benign
atmosphere. The working life of the solid oxide fuel cell stack is improved due to the

removal of the supply of steam from the solid oxide fuel cell stack.

The ducts may be simple pipes or other arrangements to transfer the fuel, oxidant etc
from one component to another component of the solid oxide fuel cell system. The
oxidant ejector may be replaced by a fan, a blower, a pump or a turbomachine. The
fuel ejector may be replaced by a fan, a blower, a pump or a turbomachine.

An alternative solid oxide fuel cell system 110 according to the present invention is
shown in figure 2 and the solid oxide fuel cell system 110 comprises a solid oxide fuel
cell stack 12 and a gas turbine engine 14. The solid oxide fuel cell system 110 is
substantially the same as the solid oxide fuel cell system 10 shown in figure 1, and like
parts are denoted by like numerals.

The solid oxide fuel cell system 110 differs to the solid oxide fuel cell system 10 in that
the compressor 24 is arranged to supply a portion of the oxidant to the combustor 52
and the heat exchanger 66 is arranged to supply a portion of the combustor 52 exhaust
gases from the first outlet 72 of the heat exchanger 66 to the combustor 52. In more
detail a portion of the oxidant flowing through the first portion 40A of the duct 40 from
the compressor 24 is supplied to a duct 112. The duct 112 supplies the portion of
oxidant to the primary inlet of an ejector 114. The portion of the combustor 52 exhaust
gases leaving the first outlet 72 of the heat exchanger 66 is supplied through a duct 116
to the secondary inlet of the ejector 114. The outlet of the ejector 114 is arranged to
supply the portion of the oxidant from the compressor 24 and the portion of the exhaust
gases from the first outlet 72 of the heat exchanger 66 to the combustor 52 through a
duct 118. The duct 118 may be arranged to supply the portion of the oxidant from the
compressor 24 and the portion of the exhaust gases from the first outlet 72 of the heat
exchanger 66 to the combustor 52 with the unused oxidant in duct 62. This
arrangement reduces the temperature at the inlet to the heat exchanger 66, e.g. and
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the outlet of the combustor 52, without reducing the heat transfer to the cool oxidant in
the second portion 40B of the duct 40. The ejector 114 is used as a means for
recycling exhaust gases from the combustor 52 back to the combustor 52 using the

portion of oxidant supplied by the compressor 24.

A further solid oxide fuel cell system 210 according to the present invention is shown in
figure 3 and the solid oxide fuel cell system 210 comprises a solid oxide fuel cell stack
12 and a gas turbine engine 14. The solid oxide fuel cell system 210 is substantially
the same as the solid oxide fuel cell system 10 shown in figure 1, and like parts are
denoted by like numerals.

The solid oxide fuel cell system 210 differs to the solid oxide fuel cell system 10 in that
the compressor 24 is arranged to supply a portion of the oxidant to the first inlet 68 of
the heat exchanger 66 such that the portion of oxidant flows with the combustor 52
exhaust gases into the first inlet 68 of the heat exchanger 66 and the heat exchanger
66 is arranged to supply a portion of the combustor 52 exhaust gases and a sub portion
of the portion of oxidant from the first outlet 72 of the heat exchanger 66 to the first inlet
68 of the heat exchanger 66.

In more detail a portion of the oxidant flowing through the first portion 40A of the duct
40 from the compressor 24 is supplied to a duct 212. The duct 212 supplies the portion
of oxidant to the primary inlet of an ejector 214. The portion of the combustor 52
exhaust gases leaving the first outlet 72 of the heat exchanger 66 is supplied through a
duct 216 to the secondary inlet of the ejector 214. The outlet of the ejector 214 is
arranged to supply the portion of the oxidant from the compressor 24 and the portion of
the exhaust gases from the first outlet 72 of the heat exchanger 66 to the first inlet 68 of
the heat exchanger 66 through a duct 218. The duct 218 is arranged to supply the
portion of oxidant from the compressor 24 and the exhaust gases from the first outlet 72
of the heat exchanger 66 to the duct 64 between the combustor 52 and the first inlet 68
of the heat exchanger 66. This arrangement also reduces the temperature at the inlet
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to the heat exchanger 66 and the outlet of the combustor 52. The ejector 214 is used
as a means for recycling exhaust gases from the combustor 52 back to the heat
exchanger 66 using the portion of oxidant supplied by the compressor 24.

Another solid oxide fuel cell system 310 according to the present invention is shown in
figure 4 and the solid oxide fuel cell system 310 comprises a solid oxide fuel cell stack
12 and a gas turbine engine 14. The solid oxide fuel cell system 310 is substantially
the same as the solid oxide fuel cell system 10 shown in figure 1, and like parts are
denoted by like numerals.

The solid oxide fuel cell system 310 differs to the solid oxide fuel cell system 10 in that
the compressor 24 is arranged to supply a portion of the oxidant to the combustor 52
and the heat exchanger 66 is arranged to supply a portion of the combustor 52 exhaust
gases from the first outlet 72 of the heat exchanger 66 to the combustor 52. In more
detail a portion of the oxidant flowing through the first portion 40A of the duct 40 from
the compressor 24 is supplied to a duct 312. The duct 312 supplies the portion of
oxidant to the primary inlet of an ejector 314. The portion of the combustor 52 exhaust
gases leaving the first outlet 72 of the heat exchanger 66 is supplied through a duct 316
to the secondary inlet of the ejector 314. The outlet of the ejector 314 is arranged to
supply the portion of the oxidant from the compressor 24 and the portion of the exhaust
gases from the first outlet 72 of the heat exchanger 66 to the combustor 52 through a
duct 318. The solid oxide fuel cell system 310 also differs in that the unused oxidant
collection manifold 56 is not directly connected to the combustor 52 to supply a second
portion of the unused oxidant to the combustor 52. In the solid oxide fuel cell system
310 the unused oxidant collection manifold 56 is arranged to supply a second portion of
the unused oxidant to the first inlet 68 of the heat exchanger 66 and the second portion
of the unused oxidant is supplied through duct 58 and a duct 320 into the duct 64
between the combustor 52 and the first inlet 68 of the heat exchanger 66. This
arrangement also reduces the temperature at the inlet to the heat exchanger 66 and the
outlet of the combustor 52. The ejector 314 is used as a means for recycling exhaust
gases from the combustor 52 back to the combustor 52 using the portion of oxidant
supplied by the compressor 24.



10

15

20

25

30

WO 2012/013460 PCT/EP2011/061386

-14 -

The solid oxide fuel cell system 310 has an advantage of controlling the combustor 52
temperature because the oxidant from the ejector 314 is supplied directly to the
combustor 52 and unused oxidant bypasses the combustor 52 and controlling the

stability of the flame in the combustor 52.

An additional solid oxide fuel cell system 410 according to the present invention is
shown in figure 5 and the solid oxide fuel cell system 410 comprises a solid oxide fuel
cell stack 12 and a gas turbine engine 14. The solid oxide fuel cell system 410 is
substantially the same as the solid oxide fuel cell system 10 shown in figure 1, and like
parts are denoted by like numerals.

The solid oxide fuel cell system 410 differs to the solid oxide fuel cell system 10 in that
the compressor 24 is arranged to supply a portion of the oxidant to the first inlet 68 of
the heat exchanger 66, the heat exchanger 66 is arranged to supply a portion of the
combustor 52 exhaust gases from the first outlet 72 of the heat exchanger 66 to the
combustor 56 and the combustor 52 is arranged to supply the exhaust gases to the first
inlet 68 of the heat exchanger 66. In more detail a portion of the oxidant flowing
through the first portion 40A of the duct 40 from the compressor 24 is supplied to a duct
412. The duct 412 supplies the portion of oxidant to the primary inlet of an ejector 414.
The portion of the exhaust gases leaving the first outlet 72 of the heat exchanger 66 is
supplied through a duct 416 to the combustor 52. The combustor 52 is arranged to
supply exhaust gases to the secondary inlet of the ejector 414 through a duct 418. The
outlet of the ejector 414 is arranged to supply the portion of the oxidant from the
compressor 24 and the exhaust gases from the combustor 52 to the first inlet 68 of the
heat exchanger 66 through a duct 420. The solid oxide fuel cell system 410 also differs
in that the unused oxidant collection manifold 56 is not directly connected to the
combustor 52 to supply a second portion of the unused oxidant to the combustor 52. In
the solid oxide fuel cell system 410 the unused oxidant collection manifold 56 is
arranged to supply a second portion of the unused oxidant to the first inlet 68 of the
heat exchanger 66 and the second portion of unused oxidant is supplied through duct
58 and a duct 422 into the duct 420 between the ejector 414 and the first inlet 68 of the
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heat exchanger 66. This arrangement also reduces the temperature at the inlet to the
heat exchanger 66 and the outlet of the combustor 52. The ejector 414 is used as a
means for recycling exhaust gases from the combustor 52 back to the combustor 52

using the portion of oxidant supplied by the compressor 24.

The solid oxide fuel cell system 410 in figure 5 does not have an electrical generator
driven by the gas turbine engine but it is equally possible for the gas turbine engine to

be provided with an electrical generator.

An additional solid oxide fuel cell system 510 according to the present invention is
shown in figure 6 and the solid oxide fuel cell system 510 comprises a solid oxide fuel
cell stack 12 and a gas turbine engine 14. The solid oxide fuel cell system 510 is
substantially the same as the solid oxide fuel cell system 10 shown in figure 1, and like
parts are denoted by like numerals.

The solid oxide fuel cell system 510 differs to the solid oxide fuel cell system 10 in that
the compressor 24 is arranged to supply a portion of the oxidant to the first inlet 68 of
the heat exchanger 66, the heat exchanger 66 is arranged to supply a portion of the
combustor 52 exhaust gases from the first outlet 72 of the heat exchanger 66 to the
combustor 56 and the combustor 52 is arranged to supply the exhaust gases to the first
inlet 68 of the heat exchanger 66. In more detail a portion of the oxidant flowing
through the first portion 40A of the duct 40 from the compressor 24 is supplied to a duct
512. The duct 512 supplies the portion of oxidant to the primary inlet of an ejector 514.
The portion of the exhaust gases leaving the first outlet 72 of the heat exchanger 66 is
supplied through a duct 516 to the combustor 52. The combustor 52 is arranged to
supply exhaust gases to the secondary inlet of the ejector 514 through a duct 518. The
outlet of the ejector 514 is arranged to supply the portion of the oxidant from the
compressor 24 and the exhaust gases from the combustor 52 to the first inlet 68 of the
heat exchanger 66 through a duct 520. In the solid oxide fuel cell system 510 the
unused oxidant collection manifold 56 is directly connected through ducts 58 and 62 to
the combustor 52 to supply a second portion of the unused oxidant to the combustor
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52. This arrangement also reduces the temperature at the inlet to the heat exchanger
66 and the outlet of the combustor 52. The ejector 514 is used as a means for
recycling exhaust gases from the combustor 52 back to the combustor 52 using the
portion of oxidant supplied by the compressor 24. As in figure 1 the unused collection
manifold 56 is directly connected to the second inlet of the oxidant ejector 60 to supply,
recirculate, a first portion of the unused oxidant back to the oxidant manifold 36. The
solid oxide fuel cell system 510 in figure 6 also has an electrical generator 27 driven by

the gas turbine engine 14.

It is to be noted that in figures 2, 4, 5 and 6 the combustor, the heat exchanger and the
ejector are arranged in a loop connected by ducts such that a portion of the combustor
exhaust gases are recycled back to the combustor through the heat exchanger. It is to
be noted that in figures 3 the heat exchanger and the ejector are arranged in a loop
connected by ducts such that a portion of the combustor exhaust gases supplied from

the combustor are recycled back to the heat exchanger.

The ejector 114, 214, 314, 414 or 514 in figures 2, 3, 4, 5 and 6 may be replaced by a

fan, a blower, a pump or a turbomachine.

The figures have shown the use of an ejector to recirculate unused fuel from the fuel
collection manifold back to the fuel manifold, however, it may be possible to arrange
any of these solid oxide fuel cell systems such that there is no recirculating of unused
fuel from the fuel collection manifold back to the fuel manifold.

Although the present invention has been described with reference to a single shaft gas
turbine engine it is equally possible to use a multi-shaft gas turbine engine, e.g. a gas
turbine engine comprising a low pressure compressor, a high pressure compressor, a
high pressure turbine and a low pressure turbine and the low pressure turbine is
arranged to drive the low pressure compressor via a first shaft and the high pressure
turbine arranged to drive the high pressure compressor via a second shaft.
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It may be possible to provide a solid oxide fuel cell system comprising a single solid
oxide fuel cell stack having a combustor, oxidant ejector, fuel ejector and heat
exchanger and in several embodiments a third ejector, but the solid oxide fuel cell
stacks share a single gas turbine engine as mentioned above. It may also be possible
to provide a solid oxide fuel cell system comprising a plurality of solid oxide fuel cell
stacks and each solid oxide fuel cell stack has its own combustor, oxidant ejector, fuel
ejector and heat exchanger and in several embodiments a third ejector, but the solid
oxide fuel cell stacks share a single gas turbine engine. The latter arrangement allows
each solid oxide fuel cell stack to be individually electrically isolated and the fuel to
each solid oxide fuel cell stack to be individually isolated to improve the solid oxide fuel
cell system reliability. The latter arrangement reduces the need for connecting ducts
and associated thermal expansion problems. The latter arrangement produces higher
pressure drops in the ejectors providing improved fuel and oxidant distribution in each
solid oxide fuel cell stack.
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CLAIMS

A solid oxide fuel cell system comprising a solid oxide fuel cell stack, a
compressor and a turbine, the solid oxide fuel cell stack comprising at least one
solid oxide fuel cell, each solid oxide fuel cell comprising an electrolyte, an
anode and a cathode, the compressor being arranged to supply at least a portion
of the oxidant to the cathode of the at least one solid oxide fuel cell, a fuel supply
being arranged to supply fuel to the anode of the at least one solid oxide fuel
cell, the solid oxide fuel cell stack being arranged to supply a portion of the
unused oxidant from the cathode of the at least one solid oxide fuel cell back to
the cathode of the at least one solid oxide fuel cell, the solid oxide fuel cell stack
being arranged to supply a portion of the unused fuel from the anode of the at
least one solid oxide fuel cell to a combustor, an oxidant supply arranged to
supply oxidant to the combustor, the combustor being arranged to supply the
combustor exhaust gases to a first inlet of a heat exchanger, the heat exchanger
being arranged to supply at least a portion of the combustor exhaust gases from
a first outlet of the heat exchanger to the turbine, the at least a portion of the
oxidant from the compressor and the unused oxidant from the cathode of the at
least one solid oxide fuel cell being arranged to be supplied to a second inlet of
the heat exchanger to preheat the oxidant supplied to the cathode of the at least
one solid oxide fuel cell, the heat exchanger being arranged to supply the at
least a portion of the oxidant from the compressor and the unused oxidant from
the cathode of the at least one solid oxide fuel cell from a second outlet of the

heat exchanger to the cathode of the at least one solid oxide fuel cell.

A solid oxide fuel cell system as claimed in claim 1 wherein the oxidant supply to
supply oxidant to the combustor comprises a supply of a portion of the unused
oxidant from the cathode of the at least one solid oxide fuel cell to the

combustor.
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A solid oxide fuel cell system as claimed in claim 2 wherein the compressor is
arranged to supply a portion of the oxidant to the combustor and the heat
exchanger is arranged to supply a portion of the combustor exhaust gases from

the first outlet of the heat exchanger to the combustor.

A solid oxide fuel cell system as claimed in claim 2 wherein the compressor is
arranged to supply a portion of the oxidant to the first inlet of the heat exchanger
such that the portion of oxidant flows with the combustor exhaust gases into the
first inlet of the heat exchanger and the heat exchanger is arranged to supply a
portion of the combustor exhaust gases and a sub portion of the portion of
oxidant from the first outlet of the heat exchanger to the heat exchanger.

A solid oxide fuel cell system as claimed in claim 1 wherein a first duct connects
the first outlet of the heat exchanger to the combustor and a second duct
connects the combustor to the first inlet of the heat exchanger.

A solid oxide fuel cell system as claimed in claim 5 wherein the compressor is
arranged to supply a portion of the oxidant to the first duct such that the portion
of oxidant is supplied to the combustor and the solid oxide fuel cell stack is
arranged to supply a portion of the unused oxidant from the cathode of the at

least one solid oxide fuel cell to the combustor.

A solid oxide fuel cell system as claimed in claim 5 wherein the compressor is
arranged to supply a portion of the oxidant to the first duct such that the portion
of oxidant is supplied to the combustor and the solid oxide fuel cell stack is
arranged to supply a portion of the unused oxidant from the cathode of the at
least one solid oxide fuel cell to the second duct.

A solid oxide fuel cell system as claimed in claim 5 wherein the compressor is
arranged to supply a portion of the oxidant to the second duct and the solid oxide
fuel cell stack is arranged to supply a portion of the unused oxidant from the
cathode of the at least one solid oxide fuel cell to the second duct.
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A solid oxide fuel cell system as claimed in claim 1 wherein a first duct connects
the first outlet of the heat exchanger to the first inlet of the heat exchanger.

A solid oxide fuel cell system as claimed in claim 9 wherein the compressor is
arranged to supply a portion of the oxidant to the first duct such that the portion
of oxidant is supplied to the heat exchanger and the solid oxide fuel cell stack is
arranged to supply a portion of the unused oxidant from the cathode of the at
least one solid oxide fuel cell to the combustor and the combustor is arranged to
supply the combustor exhaust gases to the first duct.

A solid oxide fuel cell system as claimed in claim 1 wherein the compressor is
arranged to supply a portion of the oxidant to the combustor, the solid oxide fuel
cell stack is arranged to supply a portion of the unused oxidant from the cathode
of the at least one solid oxide fuel cell to the first inlet of the heat exchanger and
the heat exchanger is arranged to supply a portion of the combustor exhaust
gases and a sub portion of the portion of unused oxidant from the first outlet of
the heat exchanger to the combustor.

A solid oxide fuel cell system as claimed in claim 1 wherein the compressor is
arranged to supply a portion of the oxidant to the first inlet of the heat exchanger
with the combustor exhaust gases, the solid oxide fuel cell stack is arranged to
supply a portion of the unused oxidant from the cathode of the at least one solid
oxide fuel cell with the combustor exhaust gases and the portion of the oxidant
from the compressor to the first inlet of the heat exchanger and the heat
exchanger is arranged to supply a portion of the combustor exhaust gases, a
sub portion of the portion of unused oxidant from cathode of the at least one
solid oxide fuel cell and a sub portion of the portion of oxidant from the
compressor from the first outlet of the heat exchanger to the combustor.
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A solid oxide fuel cell system as claimed in claim 1 wherein the oxidant supply to
supply oxidant to the combustor comprises a supply of a portion of the unused
oxidant from the cathode of the at least one solid oxide fuel cell to the
combustor, the compressor is arranged to supply a portion of the oxidant to the
combustor and the heat exchanger is arranged to supply a portion of the
combustor exhaust gases from the first outlet of the heat exchanger to the
combustor.

A solid oxide fuel cell system as claimed in claim 13 wherein the compressor is
arranged to supply a portion of the oxidant to a mixer, the first outlet of the heat
exchanger is arranged to supply a portion of the combustor exhaust gases to the
mixer and the mixer is arranged to supply the portion of oxidant and the portion
of exhaust gases to the combustor.

A solid oxide fuel cell system as claimed in claim 1 wherein the oxidant supply to
supply oxidant to the combustor comprises a supply of a portion of the unused
oxidant from the cathode of the at least one solid oxide fuel cell to the
combustor, the compressor is arranged to supply a portion of the oxidant to the
first inlet of the heat exchanger such that the portion of oxidant flows with the
combustor exhaust gases into the first inlet of the heat exchanger and the heat
exchanger is arranged to supply a portion of the combustor exhaust gases and a
sub portion of the portion of oxidant from the first outlet of the heat exchanger to
the first inlet of the heat exchanger.

A solid oxide fuel cell system as claimed in claim 15 wherein the compressor is
arranged to supply a portion of the oxidant to a mixer, the first outlet of the heat
exchanger is arranged to supply a portion of the combustor exhaust gases and a
sub portion of the oxidant to the mixer and the mixer is arranged to supply the
portion of the oxidant from the compressor, the portion of the combustor exhaust
gases and the sub portion of the portion of oxidant from the first outlet of the heat
exchanger to the first inlet of the heat exchanger.
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A solid oxide fuel cell system as claimed in claim 1 wherein the oxidant supply to
supply oxidant to the combustor comprises the compressor arranged to supply a
portion of the oxidant to the combustor, a supply of a portion of the unused
oxidant from the cathode of the at least one solid oxide fuel cell to the first inlet of
the heat exchanger, and the heat exchanger is arranged to supply a portion of
the combustor exhaust gases and a sub portion of the unused oxidant from the
cathode of the at least one solid oxide fuel cell from the first outlet of the heat

exchanger to the combustor.

A solid oxide fuel cell system as claimed in claim 17 wherein the compressor is
arranged to supply a portion of the oxidant to a mixer, the first outlet of the heat
exchanger is arranged to supply a portion of the combustor exhaust gases and a
sub portion of the unused oxidant from the cathode of the at least one solid oxide
fuel cell to the mixer, the mixer is arranged to supply the portion of the
combustor exhaust gases and the sub portion of the portion of the unused
oxidant from the cathode of the at least one solid oxide fuel cell from the first
outlet of the heat exchanger to the combustor.

A solid oxide fuel cell system as claimed in claim 1 wherein the oxidant supply to
supply oxidant to the combustor comprises the compressor arranged to supply a
portion of the oxidant to the first inlet of the heat exchanger, the first outlet of the
heat exchanger is arranged to supply a portion of the oxidant from the
compressor to the combustor, the combustor is arranged to supply the
combustor exhaust gases to the first inlet of the heat exchanger.
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A solid oxide fuel cell system as claimed in claim 19 wherein the compressor is
arranged to supply a portion of the oxidant to a mixer, the combustor is arranged
to supply the combustor exhaust gases to the mixer, the mixer is arranged to
supply the portion of the oxidant from the compressor and the combustor
exhaust gases from the combustor to the first inlet of the heat exchanger, the
first outlet of the heat exchanger is arranged to supply a portion of the combustor
exhaust gases and a sub portion of the portion of oxidant from the first outlet of

the heat exchanger to the combustor.

A solid oxide fuel cell system as claimed in any of claims 1 to 20 wherein the
supply of a portion of the unused oxidant from the cathode of the at least one
solid oxide fuel cell back to the cathode of the at least one solid oxide fuel cell
comprises means to mix the unused oxidant and the at least a portion of oxidant

from the compressor.

A solid oxide fuel cell system as claimed in claim 21 wherein the means to mix
the unused oxidant and the at least a portion of oxidant from the compressor

comprises a fan, a pump, a blower, an ejector or a turbomachine.

A solid oxide fuel cell system as claimed in claim 3 comprising means to mix the
at least a portion of oxidant from the compressor and the combustor exhaust
gases from the first outlet of the heat exchanger.

A solid oxide fuel cell system as claimed in claim 23 wherein the means to mix
the at least a portion of the oxidant from the compressor and the combustor

exhaust gases comprises a fan, a pump, a blower, an ejector or a turbomachine.

A solid oxide fuel cell system as claimed in claim 4 comprising means to mix the
at least a portion of oxidant from the compressor and the portion of the
combustor exhaust gases and a sub portion of the portion of oxidant from the
first outlet of the heat exchanger to the heat exchanger.
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A solid oxide fuel cell system as claimed in claim 25 wherein the means to mix
the at least a portion of the oxidant from the compressor and the portion of the
combustor exhaust gases and a sub portion of the portion of oxidant comprises a

fan, a pump, a blower, an ejector or a turbomachine.

A solid oxide fuel cell system as claimed in claim 11 comprising means to mix
the at least a portion of oxidant from the compressor and the portion of the
combustor exhaust gases and a sub portion of the portion of unused oxidant
from the first outlet of the heat exchanger.

A solid oxide fuel cell system as claimed in claim 27 wherein the means to mix
the at least a portion of oxidant from the compressor and the portion of the
combustor exhaust gases and the sub portion of the portion of unused oxidant

comprises a fan, a pump, a blower, an ejector or a turbomachine.

A solid oxide fuel cell system as claimed in claim 12 comprising means to mix

the combustor exhaust gases and the portion of oxidant from the compressor.

A solid oxide fuel cell system as claimed in claim 29 wherein the means to mix
combustor exhaust gases and the portion of oxidant from the compressor

comprises a fan, a pump, a blower, an ejector or a turbomachine.

A solid oxide fuel cell system as claimed in any of claims 1 to 30 wherein the
solid oxide fuel cell stack is arranged to supply a portion of the unused fuel from
the anode of the at least one solid oxide fuel cell back to the anode of the at
least one solid oxide fuel cell.

A solid oxide fuel cell system as claimed in claim 31 wherein the supply of a
portion of the unused fuel from the anode of the at least one solid oxide fuel cell
back to the anode of the at least one solid oxide fuel cell comprises means to
mix the unused fuel and the fuel from the fuel supply.
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A solid oxide fuel cell system as claimed in claim 32 wherein the means to mix
the unused fuel and the fuel from the fuel supply comprises a fan, a pump, a

blower, an ejector or a turbomachine.

A solid oxide fuel cell system as claimed in any of claims 1 to 33 wherein the
compressor is a compressor of a gas turbine engine and the turbine is a turbine

of the gas turbine engine and the turbine is arranged to drive the compressor.

A solid oxide fuel cell system as claimed in claim 5 wherein the compressor is
arranged to supply a portion of the oxidant to the second duct and the solid oxide
fuel cell stack is arranged to supply a portion of the unused oxidant from the

cathode of the at least one solid oxide fuel cell to the combustor.

A solid oxide fuel cell system as claimed in claim 20 wherein the fuel cell stack is
arranged to supply a portion of the unused oxidant from the cathode of the least

one solid oxide fuel cell to the combustor.

A method of operating a solid oxide fuel cell system, the solid oxide fuel cell
system comprising a solid oxide fuel cell stack, a compressor and a turbine, the
solid oxide fuel cell stack comprising at least one solid oxide fuel cell, each solid
oxide fuel cell comprising an electrolyte, an anode and a cathode, the method
comprises supplying at least a portion of the oxidant from the compressor to the
cathode of the at least one solid oxide fuel cell, supplying fuel to the anode of the
at least one solid oxide fuel cell, supplying a portion of the unused oxidant from
the cathode of the at least one solid oxide fuel cell back to the cathode of the at
least one solid oxide fuel cell, supplying a portion of the unused fuel from the
anode of the at least one solid oxide fuel cell to a combustor, supplying oxidant
to the combustor, supplying the combustor exhaust gases to a first inlet of a heat
exchanger, supplying at least a portion of the combustor exhaust gases from a
first outlet of the heat exchanger to the turbine, supplying the at least a portion of
the oxidant from the compressor and the unused oxidant from the cathode of the
at least one solid oxide fuel cell to a second inlet of the heat exchanger to
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preheat the oxidant supplied to the cathode of the at least one solid oxide fuel
cell, supplying the at least a portion of the oxidant from the compressor and the
unused oxidant from the cathode of the at least one solid oxide fuel cell from a
second outlet of the heat exchanger to the cathode of the at least one solid oxide

fuel cell.
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