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FUEL CELL MODULE HOUSING WITH FIELD REPLACEABLE STACKS
CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] The present application claims priority to U.S. Provisional Appl. No. 62/326,499,
filed on April 22, 2016, and U.S. Provisional Appl. No. 62/329,885, filed on April 29, 2016,

which are hereby incorporated by reference in their entirety.

BACKGROUND

[0002] The present disclosure relates to fuel cell systems. In particular, the present
disclosure relates to a fuel cell module housing that includes a plurality of fuel cell stacks that

can be individually erected, installed, repaired or replaced in the field.

[0003] A fuel cell is a device which uses an electrochemical reaction to convert chemical
energy stored in a fuel such as hydrogen or methane into electrical energy. In general, fuel
cells include an anode to catalytically react with the fuel and a cathode in fluid

communication with an oxidant such as air.

[0004] Fuel cells are typically arranged in a stacked relationship. A fuel cell stack includes
many individual cells positioned between a fixed end plate and a free end plate. One fuel cell
stack configuration includes an externally manifolded stack, wherein the fuel cell stack is left
open on its sides and a fluid such as a fuel or oxidant is delivered by way of manifolds sealed
to peripheral portions of respective sides of the fuel cell stack. The manifolds thus provide
sealed passages for delivering the fuel and the oxidant gases to the fuel cells and directing the
flow of such gases in the stack, thereby preventing those gases from leaking either to the
environment or to the other manifolds. Such manifolds are typically used in Molten
Carbonate Fuel Cells (MCFC) which operate at approximately 650 °C. During operation of

MCEFCs, the fuel cells and endplates can move relative to the fuel cell manifolds.

[0005] Conventional fuel cells typically include an anode and a cathode separated by an
electrolyte contained in an electrolyte matrix. The anode, the cathode, the electrolyte and the
electrolyte matrix are disposed between a first collector and a second collector, with the first
collector adjacent to the anode and the second collector adjacent to the cathode. Fuel flows
to the anode via the first collector and an oxidant flows to the cathode via the second

collector. The fuel cell oxidizes the fuel in an electrochemical reaction which releases a flow
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of electrons between the anode and cathode, thereby converting chemical energy into

electrical energy.

[0006] The fuel cells described above can be stacked in series with separator plates
disposed between adjacent fuel cells and end plates (e.g., a fixed end plate and a free end
plate) disposed on opposing ends of the fuel cell stack. Alternatively, the fuel cells described
above can be stacked in parallel, and connected, for example, by a power bus. Fuel cells are
stacked to increase the electrical energy they produce. Fuel cell stacks have a negative side

with a negative end cell and a positive side with a positive end cell.

[0007] In order to increase power output without having to unduly increase the size (i.e.,
surface area) of individual fuel cells or the number of individual fuel cells in a fuel cell stack,
a plurality of fuel cell stacks are electrically and fluidly connected. As described, for
example, in U.S. Patent Application Publication No. 2011/0269052, in systems including a
plurality of fuel cell stacks, an “open-cell design” in which fuel cell stacks are placed into a
relatively large enclosure that directs fuel and air into stacks housed within the enclosure and
receives tail gas and spent air from those stacks for optional further processing and ultimate
discharge to the outside. Alternatively, an “enclosed-cell design” may be used in which

internal manifold channels are used for fuel and air flow.

[0008] For large module enclosures including a large number of fuel cell stacks, it is
difficult or impossible to transport the module due to size and cost consideration. A power
plant may include several of these large module enclosures. During repair or replacement of
an individual fuel cell stack in the large module enclosure, all of the fuel cell stacks need to
be taken offline (i.e., shut down) because when the “hot zone” containing the fuel cell stacks
is opened, the zone would be cooled down. As a result, the remaining fuel cell stacks would

likely not be able to operate at the lower temperatures.

[0009] A need exists for improved technology, including technology related to a power
plant including a plurality of fuel cell module housings (i.e., module enclosures) sized such
that only a partial shutdown is required when one of the plurality of fuel cell module housings
is opened up to repair or replace an individual fuel cell stack. A need also exists for
improved technology relating to a fuel cell module housing in which individual hot fuel cell
stacks may be removed, and repaired or replaced from the housing, without having to cool

down the remaining plurality of fuel cell stacks in the housing.
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SUMMARY

[0010] In one embodiment, a fuel cell module comprises a plurality of fuel cell stacks; a
manifold configured to provide process gases to and receive process gases from the plurality
of fuel cell stacks; and a module housing enclosing the plurality of fuel cell stacks and the
manifold. Each of the plurality of fuel cell stacks is individually installable onto the manifold
by lowering the fuel cell stack onto the manifold, and is individually removable from the

manifold by raising the fuel cell stack from the manifold.

[0011] In one aspect of this embodiment, each of the plurality of fuel cell stacks is
installable onto and removable from the manifold without manual mechanical attachment

between the fuel cell stack and the manifold.

[0012] In one aspect of this embodiment, the module housing includes at least one hot
region and at least one cool region, wherein the at least one cool region is located above the
at least one hot region; the plurality of fuel cell stacks are located in the at least one hot
region; and each of the plurality of fuel cell stacks is individually installable onto the
manifold by lowering the fuel cell stack from the at least one cool region to the at least one
hot region, and is individually removable from the manifold by raising the fuel cell stack

from the at least one hot region to the at least one cool region.

[0013] In one aspect of this embodiment, the fuel cell module further comprises upper
thermal insulation disposed between the at least one hot region and the at least one cool
region. The upper thermal insulation includes removable sections that are removable from
respective overhead openings to allow the fuel cell stacks to be installed onto and removed

from the manifold via the overhead openings.

[0014] In one aspect of this embodiment, one of the removable sections corresponds to each

of the plurality of fuel cell stacks.

[0015] In one aspect of this embodiment, the at least one hot region includes at least one
upper hot region and at least one lower hot region; the plurality of fuel cell stacks are located
in the at least one upper hot region; and the manifold is located in the at least one lower hot

region.

[0016] In one aspect of this embodiment, the fuel cell module further comprises a plurality
of in-situ process gas seals configured to seal between the plurality of fuel cell stacks and the

3
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manifold, wherein the in-situ process gas seals operate via static force from the weight of the

fuel cell stacks.

[0017] In one aspect of this embodiment, the fuel cell module further comprises at least one
bus-bar that is located in the at least one cool region and is configured to transfer current

from the plurality of fuel cell stacks to power conditioning equipment.

[0018] In one aspect of this embodiment, each of the plurality of fuel cell stacks comprises

a plurality of molten carbonate fuel cells.

[0019] In another embodiment, a power plant comprises: a plurality of fuel cell modules,
wherein each of the fuel cell modules comprises: a plurality of fuel cell stacks; a manifold
configured to provide process gases to and receive process gases from the plurality of fuel
cell stacks; and a module housing enclosing the plurality of fuel cell stacks and the manifold,
wherein each of the plurality of fuel cell stacks is individually installable onto the manifold
by lowering the fuel cell stack onto the manifold, and is individually removable from the

manifold by raising the fuel cell stack from the manifold.

[0020] In one aspect of this embodiment, the power plant is configured such that, when one
of the plurality of fuel cell modules is taken offline, the remaining fuel cell modules are

configured to continue to operate.

[0021] In one aspect of this embodiment, the plurality of fuel cell modules are divided into
a plurality of module arrangements, each of which includes a primary module and a
secondary module; and in each module arrangement, the primary module is configured to

output oxidant gas to secondary module.

[0022] In one aspect of this embodiment, each module arrangement includes first and
second primary modules, each of which is configured to output oxidant gas to the secondary

module.

[0023] In one aspect of this embodiment, the manifold comprises a common oxidant gas
duct that includes an oxidant supply duct configured to supply the oxidant gas to the first and
second primary modules and an oxidant exhaust duct configured to receive oxidant exhaust

from the secondary module.
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[0024] In one aspect of this embodiment, the plurality of fuel cell modules are configured

to receive anode gas in parallel.

[0025] One of ordinary skill in the art would appreciate that the aspects described above are

not mutually exclusive and may be combined.

[0026] These and other advantageous features will become apparent to those reviewing the

disclosure and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a cross-sectional view of a first embodiment of a fuel cell module housing
configured to house a plurality of fuel cell stacks for large-scale, multi-megawatt (e.g., 100
MW+) power generation. The fuel cell module housing includes a hot region and a cool

region.

[0028] FIG. 2 is a plan view of the fuel cell module housing of FIG. 1 and illustrates the
arrangement of the plurality of fuel cell stacks. In FIG. 2, 200 fuel cell stacks are shown.

[0029] FIG. 3 is a cross-sectional perspective view of the fuel cell module housing of FIG.

1 and illustrates power equipment external to the enclosure.

[0030] FIG. 4 is an example of the embodiment of the fuel cell module housing of FIG. 1,
which includes 200 fuel cell stacks and associated hot Balance of Plant (BoP) equipment

adjacent to the fuel cell module housing.

[0031] FIG. 5 is an example of a power plant including a plurality of the fuel cell module
housings of FIG. 1, in particular, 10 fuel cell module housings, each having 200 fuel cell
stacks. The power plant may be a carbon capture plant or any other type of power plant that

utilizes fuel cell stacks.

[0032] FIG. 61s a plan view of a second embodiment of a fuel cell module module
arrangement configured to house a plurality of fuel cell stacks. The fuel cell module module
arrangement includes a primary module housing and a secondary module housing that are

fluidly connected.

[0033] FIG. 7 shows an example of a power plant including a plurality of the fuel cell

module module arrangements of FIG. 6. A plurality of primary module housings and
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secondary module housings are fluidly connected in series. The power plant may be a carbon

capture plant or any other type of power plant that utilizes fuel cell stacks.

[0034] FIG. 8 is an elevation view illustrating an embodiment of a fuel cell system
including a plurality of fuel cell stacks where the weight of the fuel cell stacks is used to seal

against a process gas manifold below the fuel cell stacks.

DETAILED DESCRIPTION

[0035] Referring to FIG. 1-8, in general, the embodiments of a power plant include a
plurality of fuel cell module housings (i.e., module enclosures), where the number of fuel cell
module housings is selected such that only a partial shutdown is required when one of the
plurality of fuel cell module housings is opened up to repair or replace an individual fuel cell
stack. When one of the plurality of fuel cell module housings is taken offline, the plurality of

fuel cell stacks in the remaining fuel cell module housings continue to operate.

[0036] Although the fuel cell module housings described below are configured to house a
plurality of fuel cell stacks for large-scale, multi-megawatt (e.g., 100 MW+) power
generation, the present invention is not limited in this regard. The fuel cell module housings
may be applied to small power systems, and are therefore, not limited by size or power

output.

[0037] The fuel cell stacks may be, for example, high-temperature fuel cell stacks such as
Molten Carbonate Fuel Cells (MCFC) stacks, which operate at approximately 650°C. The
fuel cell stacks may be arranged in series or in parallel. In each of the embodiments
described below, the plurality of fuel cell stacks may be erected and installed in the field,
thereby eliminating the costs and problems associated with shipping such large fuel cell
arrangements. In addition, in each of the embodiments described below, individual fuel cell
stacks may be accessed and replaced in the field. Moreover, in each of the embodiments
described below, personnel do not have to enter the stack base area to access the plurality of

fuel cell stacks.

[0038] For large-scale applications, grouping the plurality of fuel cell stacks into larger
housings reduces the overall capital costs by eliminating smaller module enclosures and their
associated piping, facilitates the replacement of individual fuel cell stacks (compared to

replacing complete modules) and provides economies of scale that are not possible with



WO 2017/184987 PCT/US2017/028854

factory shipped modules with lower fuel cell stack counts that must be packaged to be
shipped and installed as a module. Additionally, added benefits are had by eliminating stack
and module features that are needed for shipping. With field installed/replaceable stacks,
shipping and transportation requirements such as dynamic shipping loads and permitting for

oversized modules are eliminated.

FIRST EMBODIMENT

[0039] Referring to FIGS. 1-5, in a first embodiment, a fuel cell module includes a fuel cell
module 100 that is divided into a plurality of levels in a height direction. A base 10 of the
fuel cell module 100 is comprised of concrete. The concrete may be reinforced according to
any method known in the art. The base 10 is configured to support a module housing 20 that
houses a plurality of fuel cell stacks 50. The length and width dimensions of the module
housing 20 are equal to or less than the length and width dimensions of the base 10, such that
the entire surface area of the bottom surface of the module housing 20 contacts and is
supported by the base 10. External plant support equipment may be placed on the base 10 in

regions that do not contact the module housing 20.

[0040] The module housing 20 may be comprised, for example, of sheet metal siding and
sheet metal roofing supported on roof trusses, or any other engineered structure suitable for
insulated containment and support of equipment. The module housing 20 is divided into at
least one hot region 30 and at least one cool region 40. A temperature of the hot region 30 is
higher than a temperature of the cool region 40. For example, the cool region may nominally
be near ambient temperatures in order to house equipment that requires cooler operating
environments, such as DC power cables and personnel-accessible service connections (shown
in FIG. 1). The cool region may also be maintained at near ambient temperatures to maintain
the structural integrity of the building trusses 32, as well as other equipment such as a crane

60.

[0041] The plurality of fuel cell stacks 50 are arranged in the hot region 30. The plurality
of fuel cell stacks 50 may be arranged in columns and rows (as seen in FIG. 2) or arranged
offset to one another (not illustrated). The plurality of fuel cell stacks 50 are supported in the
hot region 30 of the module housing 20 on concrete and heat resistant supports 51 made, for
example, of stainless steel. The hot region 30 includes thermal insulation 31 and steel trusses

32 mounted above the plurality of fuel cell stacks 50. Thermal insulation 31 supported by the
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trusses 32, and applied to the side walls and floor of the hot region 30, completely surrounds

the plurality of fuel cell stacks 50 on all sides.

[0042] Each of the plurality of fuel cell stacks 50 may be accessed from the cool region 40
via removable sections of the upper thermal insulation 31. The fuel cell stacks 50 may be
accessed by crane 60, for example, by a mobile crane configured to move around the building
(not illustrated), or where plant footprint is a premium, an integrated bridge crane co-located
in the building (see FIG. 1). The crane 60 is configured for placement of and access to each
of the plurality of fuel cell stacks 50. As seen in FIG. 1, the crane 60 can access an individual
fuel cell stack 50 in the hot region 30 and transport the individual fuel cell stack 50 to the
cool region 40 where it can be removed from the fuel cell module 100 for maintenance, repair

or replacement.

[0043] The hot region 30 may be divided into two regions by a stack base of the plurality of
fuel cell stacks 50. An upper hot region 33 (i.e., a stack region) houses the plurality of fuel
cell stacks 50. A lower hot region 34 (i.e., a process gas manifold region), located below the
fuel stack base, houses the plant process gas manifolds and piping. Outside process gasses
(anode and cathode) enter the module 100 via the lower hot region 34 and distribute upward
to each of the plurality of fuel cell stacks, utilizing face, radial, and/or tapered seals 52 that
are engaged in-situ when each of the fuel cell stacks is installed. The seals 52 are located at
the interface between the upper hot region 33 and the lower hot region 34. Exhaust process
gasses (anode and cathode) may also exit the module 100 via the lower hot region 34. For
example, cathode and anode exhaust may be separately collected in a plurality of ducts 70
(see FIG. 4) located below the plurality of fuel cell stacks, and fed to an end of the module
housing 20 where the cathode and anode exhaust are separately collected and/or subsequently
separately fed to other process equipment outside the module housing 20 at the Balance of
Plant (BoP) equipment. The ducting for gas distribution in the lower hot region 34 includes

expansion joints to accommodate thermal expansion.

[0044] In-situ process gas seals 52 may be provided between the lower hot region 34 and
the fuel cell stack base that divides the hot region 30 into the upper hot region 33 and the
lower hot region 34. Sealing is relative, and minimized leak joints are more appropriate,
especially for cathode gases where a leak less than approximately one percent could be
tolerated. This enables the use of somewhat porous and compliant materials, for effective in-
situ seals 52. Such in-situ seals 52 may include gas seals such as compressive seals, radial

8



WO 2017/184987 PCT/US2017/028854

seals, and/or tapered seals. The seals 52 may be effected via various methods including static
force from the weight of the fuel cell stacks 50 compressing a gasket or ring seal, differential

thermal expansion providing a radial seal, and/or mechanical joining of tapered ports.

[0045] If the seals are effected via static force from the weight of the fuel cell stacks
compressing a gasket or ring seal, the need for additional mechanical means (e.g., bolting) to
provide sealing can be eliminated. In one embodiment, fuel cell stacks may be installed (e.g.,
lowered onto a mating manifold surface), operated, and removed (e.g., raised from the mating
manifold surface) without needing service personnel to bolt and unbolt the fuel cell stack to
the manifold. In other words, embodiments disclosed herein may allow the fuel cell stack to
be secured to a manifold for operational purposes without the need for additional mechanical
means, which would in turn minimize the need for human (or automated) means of

manipulating securing hardware (e.g., bolts, screws).

[0046] Referring to FIG. 8, in one non-limiting example, the hot region 30 includes two
fuel cell stacks 50 and a process gas manifold 57. Each fuel cell stack 50 includes a plurality
of manifolds 53 and at least one process gas pipe 54 configured to fluidly connect the fuel
cell stack 50 to the process gas manifold 57. An upper surface of the process gas manifold
57 includes a plurality of recesses 58 defined by projecting portions 59. The projecting
portions 59 are configured to function as hard stops upon which a lower surface of the fuel

cell stack 50 sits.

[0047] The removable sections of the upper thermal insulation 31 (shown in FIG. 1) may be
a plurality of closure plates 35, each configured to be received in an overhead opening 36.
Alternatively, the hot region 30 may include a plurality of fuel cell stack modules (i.e.,
modular enclosures), each having a plurality of closure plates 35, each configured to be
received in an overhead opening 36. According to this alternative, an individual stack is
enclosed in a protective case suitable for transportation. After transportation, the enclosed
individual stack is dropped into the hot region 30. Prior to operation, the protective case is

modified (i.e., opened) to the surrounding hot region 30.

[0048] The closure plate 35 is used to close an overhead opening 36 disposed above the
fuel cell stack 50 after the fuel cell stack 50 is installed. A plurality of overhead openings 36

and closure plates 35 may be provided. For example, one overhead opening 36 and closure
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plate 35 may be provided for each fuel cell stack 50. In another example, one overhead

opening 36 and closure plate 35 may be disposed above a group of fuel cell stacks 50.

[0049] The closure plates 35 are repeatedly and reversibly removable and configured to
allow access to individual fuel cell stacks 50. During operation, overhead openings 36 may
be closed or secured to maintain the temperature within the hot region 30 (or a modular
enclosure within the hot region 30) e.g., constant, or above/below the ambient temperature.
The individual fuel cell stacks 50 may be accessed, for example, by the crane 60 configured
to lift a closure plate 35, access and remove an individual fuel cell stack 50, and transport the
individual fuel cell stack 50 to a remote location for maintenance, repair or replacement. The
crane 60 may also be used to insert and the individual fuel cell stack 50 (or modular

enclosure including a plurality of fuel cell stacks) into the hot region 30.

[0050] The weight of the fuel cell stacks 50 can be used to seal against the process gas
manifold 57. In some aspects (as illustrated in FIG. 8), the lower surface of the fuel cell stack
50 includes at least one sealing surface 55. In other aspects, the upper surface of the process
gas manifold 57 may include at least one sealing surface 55. In even further aspects, each of
the lower surface of the fuel cell stack 50 and the upper surface of the process gas manifold
57 may include at least one sealing surface 55. When the lower surface of the fuel cell stack
50 rests upon the projecting portions 59 of the process gas manifold 57, the vertical weight of
the fuel cell stack 50 causes the sealing surface 55 to apply a predetermined facial pressure to
the recess 58 of the process gas manifold 57. The seals 52 comprised of the sealing surfaces
55 may be gas seals such as compressive seals (e.g., spring bellows), radial seals, and/or

tapered seals provided between the fuel cell stack 50 and the process gas manifold 57.

[0051] In-situ process gas seals 52 may take on various forms, as part of various fuel cell
system and stack configurations, and utilize various mechanisms for effecting a seal and/or
connection, such as those contemplated in U.S. Provisional Patent Application No.

62/329509, which is incorporated herein by reference in its entirety for all purposes.

[0052] Referring back to FIG. 1, the cool region 40 is disposed above the hot region 30.
The cool region 40 may include bus-bars that transfer DC current from the plurality of fuel
cell stacks to power conditioning equipment located in the cool region 40 or external to the

module 100. External plant support equipment 80 (also referred to as Balance of Plant (BoP)
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equipment), such as power conditioning choppers, inverters and controls, are located outside

and adjacent to the enclosure 20.

[0053] Each of the plurality of fuel cell stacks 50 may be accessed from the cool region 40
via removable sections of the upper thermal insulation 31. The fuel cell stacks 50 may be
accessed by crane 60, for example, by a mobile crane configured to move around the building
(not illustrated), or where plant footprint is a premium, an integrated bridge crane co-located
in the building (see FIG. 1). The crane 60 is configured for placement of and access to each
of the plurality of fuel cell stacks 50. As seen in FIG. 1, the crane 60 can access an individual
fuel cell stack 50 in the hot region 30 and transport the individual fuel cell stack 50 to the
cool region 40 where it can be removed from the fuel cell module 100 for maintenance, repair

or replacement.

[0054] Referring to FIG. 5, a power plant 110 includes a plurality of the fuel cell modules
100, each having a housing 20. In particular, FIG. 5 illustrates a power plant 110 with ten
fuel cell modules 100, each having a housing and each having 200 fuel cell stacks 50 (see
FIG. 2). Although the power plant 110 of FIG. 5 includes 2000 fuel cell stacks 50 that are
divided into ten separate fuel cell modules 100, the present invention is not limited in this
regard. Any number of fuel stack housings, each including any number of fuel cell stacks
may be utilized. The power plant 110 may be a carbon capture plant or any other type of

power plant that utilizes fuel cell stacks.

[0055] For example, FIG. 5 illustrates a system for separating CO, from the flue gas of a
550 MW power plant 110. As seen in FIG. 5, the ten modules 100 may be arranged in
columns and rows on a property 667 feet wide and 620 feet long. The base 10 of each
module 100 is a concrete pad that is 108 feet wide and 181 feet long. The enclosure 20 of the
housing is 70 feet wide, 178 feet long and 50 feet high. The fuel cell stacks 50 are arranged

in eight rows with twenty-five fuel cell stacks 50 per row, as shown in FIG. 2.

[0056] Fuel gas enters the module 100 and is distributed in four 26”x 18” ducts in the lower
hot region 34. The fuel gas flows upward from the ducts, in distributor tubes, to anodes of
the fuel cell stacks 50. Cathode exhaust is collected in eight 30” x 50” ducts, located below
the fuel cell stacks 50 in the lower hot region 34, flows to the end of the module 100 where it
is collected, and flows to other process equipment outside the fuel cell module 100. Anode

exhaust gas, carrying carbon dioxide, exits the fuel cell stacks 50 and flows downward in
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collector tubes to two 24” x 177 ducts and three 32” x 28” ducts located in the lower hot
region 34. The anode exhaust gas flows in the five ducts to the end of the module 100 where

it is collected and routed outside of the module 100.

[0057] FIGS. 4 and 5 illustrate the general arrangement of the fuel cell modules 100 and
associated BoP equipment 80, along with the piping for the distribution of coal plant flue gas
to the ten modules 100 and collection of the CO,-rich anode exhaust gas from the ten
modules 100. The remainder of the balance-of-plant equipment such as the compressors and

chillers may be centralized and located in an area to the side of the ten modules 100.

SECOND EMBODIMENT

[0058] Referring to FIGS. 6 and 7, a module arrangement 200 includes at least one primary
module 210 and at least one secondary module 220. Each of the primary module 210 and the
secondary module 220 include a plurality of fuel cell stacks 230. The interior side walls,
floor, and roof of the housing of the primary module 210 and the secondary module 220 are
lined with thermal insulation. The insulated roof of each of the primary module 210 and the
secondary module 220 is divided into sections disposed above each of the fuel cell stacks
230, or above a group of fuel cell stacks 230. The sections of the roof can be separately and
individually removed to provide access to each fuel cell stack 230 via a crane (not
illustrated). As described in the first embodiment, the fuel cell stacks 230 may be accessed
by crane, for example, by a mobile crane configured to move around the building, or where
plant footprint is a premium, an integrated bridge crane co-located in the primary module 210
or the secondary module 220. The crane is configured for placement of and access to each of
the plurality of fuel cell stacks 230. The crane can access an individual fuel cell stack 230
and transport the individual fuel cell stack 230 to a location where it can be removed from the

primary module 210 or the secondary module 220 for maintenance, repair or replacement.

[0059] Each of the primary module 210 and the secondary module 220 includes a base
configured to support the plurality of fuel cell stacks 230. The base may be made, for
example, of concrete, which can be further reinforced according to any known method. For
smaller modules, for example, primary modules 210 and secondary modules 220 having tens
of fuel cell stacks 230, the base may support or be embedded with pipes and ducts for process
gas distribution and collection. For larger modules, housings of the primary module 210 and

the secondary module 220 may include a lower level similar to the lower hot region 34

12
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described in the first embodiment that includes the pipes and ducts for process gas
distribution and collection. Alternatively, the pipes and ducts for process gas distribution

collection may be located underground (i.e., beneath the base).

[0060] The primary module 210 and the secondary module 220 are in fluid communication.
In particular, the primary module 210 is configured to output oxidant exhaust to the
secondary module 220. The primary module 210 and the secondary module 220 may have a
common gas duct 240. In certain embodiments, the common gas duct 240 is a single duct
with a diverter or divider configured to separate and direct the oxidant supply and oxidant
exhaust flows. In certain embodiments, the common gas duct 240 may be a stacked duct
having a first duct for the oxidant supply and a second duct for the oxidant exhaust. The first
duct may be disposed above the second duct, the first duct may be disposed beneath the
second duct, or the first duct may be disposed beside the second duct. In other words, the
first duct and second cut may be disposed in any configuration in which the first duct is
adjacent to the second duct. In certain embodiments, the common gas duct 240 may have a
duct-in-duct configuration. For example, the common gas duct 240 may be a cathode supply
duct disposed within a cathode exhaust duct for supplying oxidant and receiving oxidant

exhaust from the primary module 210 and the secondary module 220.

[0061] The fuel cell stacks 230 include face, radial, and/or tapered seals that are engaged
in-situ when each of the fuel cell stacks 230 is installed. Sealing is relative, and minimized
leak joints are more appropriate, especially for cathode gases where a leak less than
approximately one percent could be tolerated. This enables the use of somewhat porous and
compliant materials, for effective in-situ seals. The seals may be effected via various
methods including static force from the weight of the fuel cell stacks 230 compressing a
gasket or ring seal, differential thermal expansion providing a radial seal, and/or mechanical
joining of tapered ports. The sealing configuration may be similar to that described in the

example of FIG. 8.

[0062] The in-situ process gas seals may take on various forms, as part of various fuel cell
system and stack configurations, and utilize various mechanisms for effecting a seal and/or
connection, such as those contemplated in U.S. Provisional Patent Application No.

62/329509, which is incorporated herein by reference in its entirety for all purposes.

13
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[0063] Referring to FIG. 7, a power plant 2000 includes a plurality of the module
arrangements 300. Each module arrangement 300 includes a first primary module 210, a
second primary module 210 and a secondary module 220 disposed between the first and
second primary modules 210. The modules within the module arrangements 300 are
connected in series with respect to oxidant gas flow. In particular, oxidant is supplied to each
of the first and second primary modules 210 by the common gas duct 240, oxidant exhaust
from the first and second primary module 210 is fed to a common heat exchanger 310 to be
cooled/condensed, and then fed to the secondary module 220. Oxidant exhaust from the

secondary module 220 is output to the common gas duct 240.

[0064] Although the power plant 2000 of FIG. 7 includes 5 module arrangements 300, and
each of the primary modules 210 and secondary module 220 includes 18 fuel cell stacks 230,
the present invention is not limited in this regard. Any number of module arrangements 300,
each including any number of fuel cell stacks, may be utilized. The power plant 2000 may be

a carbon capture plant or any other type of power plant that utilizes fuel cell stacks.

[0065] For example, FIG. 7 illustrates a system for separating CO, from the flue gas of a
270 MW power plant 2000. Although FIG. 5 illustrates a 550 MW power plant and FIG. 7
illustrates a 270 MW power plant, the present invention is not limited in this regard. The first
and second embodiments of fuel cell module housings may be applied to any power systems,
and are therefore, not limited by size or power output. Moreover, a power plant utilizing the
fuel cell module housings of the first embodiment (FIGS. 1-5) may have a power output
equal to, less than, or greater than a power plant utilizing the fuel cell module arrangements

of the second embodiment (FIGS. 6 and 7).

[0066] Although the anode gas flows are not illustrated in FIGS. 6 and 7, anode gas flows

in parallel, as opposed to flowing in series like the cathode gas.

[0067] As seen in FIG. 7, additional components such as water/fuel treatment systems,
inverters, or additional electrical equipment/controls can be stored in between adjacent

module arrangements 300.

[0068] In each of the embodiments described above, the plurality of fuel cell stacks may be
erected and installed in the field, thereby eliminating the costs and problems associated with
shipping such large fuel cell arrangements. In addition, in each of the embodiments

described above, individual fuel cell stacks may be accessed and replaced in the field. This
14
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eliminates the need to remove and/or transport an entire module (i.e., the entire enclosure
containing the plurality of fuel cell stacks) in order to perform maintenance, repair or
replacement of a single fuel cell stack. Because the fuel cell stacks can be erected, installed
and replaced in the field, shipping, piping, insulation, replacement and field servicing costs

can be reduced, and the footprint of the power plant can also be reduced.

2% 29 CC

[0069] As utilized herein, the terms “approximately,” “about,” “substantially”, and similar
terms are intended to have a broad meaning in harmony with the common and accepted usage
by those of ordinary skill in the art to which the subject matter of this disclosure pertains. It
should be understood by those of skill in the art who review this disclosure that these terms
are intended to allow a description of certain features described and claimed without
restricting the scope of these features to the precise numerical ranges provided. Accordingly,
these terms should be interpreted as indicating that insubstantial or inconsequential
modifications or alterations of the subject matter described and claimed are considered to be

within the scope of the invention as recited in the appended claims.

2%

[0070] References herein to the positions of elements (e.g., “top,” “bottom,” “above,”
“below,” etc.) are merely used to describe the orientation of various elements in the Figures.
It should be noted that the orientation of various elements may differ according to other
exemplary embodiments, and that such variations are intended to be encompassed by the

present disclosure.

[0071] It is important to note that the construction and arrangement of the various
exemplary embodiments are illustrative only. Although only a few embodiments have been
described in detail in this disclosure, those skilled in the art who review this disclosure will
readily appreciate that many modifications are possible (e.g., variations in sizes, dimensions,
structures, shapes and proportions of the various elements, values of parameters, mounting
arrangements, use of materials, colors, orientations, etc.) without materially departing from
the novel teachings and advantages of the subject matter described herein. For example,
elements shown as integrally formed may be constructed of multiple parts or elements, the
position of elements may be reversed or otherwise varied, and the nature or number of
discrete elements or positions may be altered or varied. The order or sequence of any process
or method steps may be varied or re-sequenced according to alternative embodiments. Other
substitutions, modifications, changes and omissions may also be made in the design,
operating conditions and arrangement of the various exemplary embodiments without
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departing from the scope of the present invention. For example, the heat recovery heat

exchangers may be further optimized.

16



WO 2017/184987 PCT/US2017/028854

WHAT IS CLAIMED IS:

1. A fuel cell module comprising:
a plurality of fuel cell stacks;
a manifold configured to provide process gases to and receive process gases from
the plurality of fuel cell stacks; and
a module housing enclosing the plurality of fuel cell stacks and the manifold,
wherein each of the plurality of fuel cell stacks is individually installable onto the
manifold by lowering the fuel cell stack onto the manifold, and is individually removable from

the manifold by raising the fuel cell stack from the manifold.

2. The fuel cell module of claim 1, wherein each of the plurality of fuel cell stacks is
installable onto and removable from the manifold without manual mechanical attachment

between the fuel cell stack and the manifold.

3. The fuel cell module of claim 1, wherein:
the module housing includes at least one hot region and at least one cool region,
wherein the at least one cool region is located above the at least one hot region;
the plurality of fuel cell stacks are located in the at least one hot region; and
each of the plurality of fuel cell stacks is individually installable onto the
manifold by lowering the fuel cell stack from the at least one cool region to the at least one hot
region, and is individually removable from the manifold by raising the fuel cell stack from the at

least one hot region to the at least one cool region.

4. The fuel cell module of claim 3, further comprising:
upper thermal insulation is disposed between the at least one hot region and the at
least one cool region;
the upper thermal insulation includes removable sections that are removable from
respective overhead openings to allow the fuel cell stacks to be installed onto and removed from

the manifold via the overhead openings.

17
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5. The fuel cell module of claim 4, wherein one of the removable sections

corresponds to each of the plurality of fuel cell stacks.

6. The fuel cell module of claim 3, wherein:
the at least one hot region includes at least one upper hot region and at least one
lower hot region;
the plurality of fuel cell stacks are located in the at least one upper hot region;
and

the manifold is located in the at least one lower hot region.

7. The fuel cell module of claim 6, further comprising a plurality of in-situ process
gas seals configured to seal between the plurality of fuel cell stacks and the manifold, wherein

the in-situ process gas seals operate via static force from the weight of the fuel cell stacks.

8. The fuel cell module of claim 3, further comprising at least one bus-bar that is
located in the at least one cool region and is configured to transfer current from the plurality of

fuel cell stacks to power conditioning equipment.

9. The fuel cell module of any of claims 1-8, wherein each of the plurality of fuel

cell stacks comprises a plurality of molten carbonate fuel cells.

10. A power plant comprising:
a plurality of fuel cell modules, wherein each of the fuel cell modules comprises:

a plurality of fuel cell stacks;

a manifold configured to provide process gases to and receive process
gases from the plurality of fuel cell stacks; and

a module housing enclosing the plurality of fuel cell stacks and the
manifold;

wherein each of the plurality of fuel cell stacks is individually installable
onto the manifold by lowering the fuel cell stack onto the manifold, and is individually

removable from the manifold by raising the fuel cell stack from the manifold.

18
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11. The power plant of claim 10, wherein the power plant is configured such that,
when one of the plurality of fuel cell modules is taken offline, the remaining fuel cell modules

are configured to continue to operate.

12. The power plant of claim 10, wherein:
the plurality of fuel cell modules are divided into a plurality of module
arrangements, each of which includes a primary module and a secondary module; and
in each module arrangement, the primary module is configured to output oxidant

gas to secondary module.

13.  The power plant of claim 12, wherein each module arrangement includes first and
second primary modules, each of which is configured to output oxidant gas to the secondary

module.

14.  The power plant of claim 13, wherein the manifold comprises a common oxidant
gas duct that includes an oxidant supply duct configured to supply the oxidant gas to the first
and second primary modules and an oxidant exhaust duct configured to receive oxidant exhaust

from the secondary module.

15.  The power plant of claim 12, wherein the plurality of fuel cell modules are

configured to receive anode gas in parallel.
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