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POWER GENERATION SYSTEMS AND METHODS FOR CONTROLLING AND RETAINING
FUNCTIONALITY OF HIGH TEMPERATURE FUEL CELLS IN STANDBY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This nonprovisional application claims the benefit and priority, under 35
U.S.C. § 119(e) and any other applicable laws or statutes, to U.S. Provisional Application
Serial No. 63/140,067 filed on January 21, 2021, the entire disclosure of which is hereby

expressly incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to power generation systems and
methods for controlling and retaining functionality of high temperature fuel cell in standby

mode.

BACKGROUND

[0003] High temperature fuel cell systems are known for their efficient use of fuel to
develop direct current (DC) and or alternating current (AC) electric power. Under normal
operation, a typical high temperature fuel cell system, like a solid oxide fuel cell (SOFC)
system, maintains a system operating temperature of approximately 500°C or greater,
such as about 700°C. For a high temperature fuel cell system to become operational, the
system typically requires significant startup time, ranging anywhere between 1 to 12

hours from near ambient environmental conditions.

[0004]  When the system is not required to provide power to a load, the typical system
may be kept in a hibernation mode, whereby the normal fuel and air processes are
reduced, stopped, or the system is allowed to cool. However, quickly switching from
such a hibernation mode to an operation mode, often in response to user demand, results
in damage incurred by the parts and substantial loss of efficiency of the system.
Accordingly, it is desirable to maintain the internal system temperatures of a power
generation system at or as close to the approximate normal system operation temperatures

in a standby mode to avoid the negative consequence of entering or exiting a hibernation
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mode. This will allow the fuel cell system to become fully functional in a short period of

time as is required by many fuel cell system users.

[0005] Maintaining internal operation temperatures of high temperature fuel cell
systems during a hibernation mode allows for rapid recovery to a power producing
operation mode. One known method for maintaining approximate operational level
internal temperatures of a high temperature fuel cell system requires heating the high
temperature fuel cell system with the system's base fuel stock through a
combustor/recuperator system. Another known method for maintaining the internal
temperature of the high temperature fuel cell system is to provide temperature to the fuel

cell system with a separate burner.

[0006] Both methods require a significant amount of fuel and air supply flows to
maintain heat. Both methods also require controls that consume both significant amounts
of fuel and parasitic power that waste a portion of the efficiencies achieved by the high
temperature fuel cell system when in operation. Moreover, these methods create
significant noise, vibration and exhaust emissions. These methods could also cause

damage to the fuel cell without anode fuel flow.

[0007] A third method for maintaining operational temperatures when in hibernation
mode involves using an electrical heater connected to an external and alternative power
source. The electrical heater is configured to be coupled to the high temperature fuel cell.

The heater intermittently heats the high temperature fuel cell system.

[0008]  When the fuel cell system is in a hibernation mode, the electrical heater draws
power from the alternate power source and provides resistive heat to the fuel cell. When
the fuel cell system is in an operation mode, the electrical heater is turned off. However,
the use of such an electrical heater device does not negate the potential damages that
would be incurred by the fuel cell system when quickly transitioning between hibernation
and operations modes due to the fuel cell systems’ decreasing access to fuel and air when

the fuel cell is in the hibernation model.

[0009]  Use of an electrical heater that draws power from as external source does not
prevent the fuel cell system from entering a hibernation mode where access to fuel and

air is decreased. Furthermore, it is known in the art that external heaters waste fuel (e.g.,
2
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natural gas or grid load) to heat up the fuel cell. In some instances, an external load bank
can be used to get the fuel cell up to power before switching to the customer’s load. A
fuel cell cannot change instantly to a customer load, thus a fuel cell needs an external
source (e.g., a battery or an electrical grid) to provide or sink power during fast
transitions. However, it is also known that external loads waste power from the fuel cell

without providing any added benefit to it.

[0010]  For these and other reasons, the present specification provides an improved
method and system for operational level internal temperatures of a high temperature fuel
cell system to remain in a standby mode without the need to enter a hibernation mode

when there is a decrease in fuel and air access to the fuel cell.

SUMMARY

[0011] Embodiments of the present invention are included to meet these and other
needs. One embodiment is a high temperature fuel cell system comprises a fuel cell, an
electrical heater, and an inverter. The electrical heater is powered by the fuel cell. The
electrical heater provides load and heat to the fuel cell, and the fuel cell is retained at an
operating temperature of 500°C or greater in a standby mode, a startup mode, and/or an

operating mode.

[0012]  Insome embodiments of the fuel cell system, the load from the electrical heater
is connected before the inverter. In some embodiments of the fuel cell system, the load

from the electrical heater is connected after the inverter.

[0013]  In some embodiments, the fuel cell system further comprises a one directional
DC/DC boost connected to the fuel cell. In some embodiments, the fuel cell system
further comprises a battery and a bi-directional DC/DC boost connected in parallel to the

fuel cell.

[0014]  In some embodiments, where the fuel cell system comprises a fuel cell, an
electrical heater, an inverter, and a one directional DC/DC boost connected to the fuel
cell, the load from the electrical heater is connected before the one directional DC/DC
boost. In some embodiments, where the fuel cell system comprises a fuel cell, an

electrical heater, an inverter, and a one directional DC/DC boost connected to the fuel
3
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cell, the load from the electrical heater is connected after the one directional DC/DC
boost and before the inverter. In some embodiments, where the fuel cell system
comprises a one directional DC/DC boost connected to the fuel cell, the load from the

electrical heater is connected after the inverter.

[0015] In some embodiments, where the fuel cell system comprises a fuel cell, an
electrical heater, an inverter, and a one directional DC/DC boost connected to the fuel
cell, it further comprises a battery and a bi-directional DC/DC boost connected in parallel
to the fuel cell. In some embodiments, where the fuel cell system comprises a fuel cell,
an electrical heater, an inverter, a one directional DC/DC boost connected to the fuel cell,
a battery and a bi-directional DC/DC boost connected in parallel to the fuel cell, the load
from the electrical heater is connected after the one directional DC/DC boost and before
the inverter. In some embodiments, where the fuel cell system comprises a fuel cell, an
electrical heater, an inverter, a one directional DC/DC boost connected to the fuel cell, a
battery and a bi-directional DC/DC boost connected in parallel to the fuel cell, the load
from the electrical heater is connected before the one directional DC/DC boost. In some
embodiments, where the fuel cell system comprises a fuel cell, an electrical heater, an
inverter, a one directional DC/DC boost connected to the fuel cell, a battery and a bi-
directional DC/DC boost connected in parallel to the fuel cell, the load from the electrical

heater is connected after the inverter.

[0016] In some embodiments, where the fuel cell system comprises a fuel cell, an
electrical heater, an inverter, a battery and a bi-directional DC/DC boost connected in
parallel to the fuel cell, the load from the electrical heater is connected after the inverter.
In some embodiments, where the fuel cell system comprises a fuel cell, an electrical
heater, an inverter, a battery and a bi-directional DC/DC boost connected in parallel to

the fuel cell, the load from the electrical heater is connected before the inverter.

[0017] In some embodiments, where the fuel cell system comprises a fuel cell, an
electrical heater, an inverter, the system switches from an operating mode to a standby
mode when no power is being drawn from an alternate load. The system directs its power

towards the electrical heater in the standby mode

[0018] In some embodiments, where the fuel cell system comprises a fuel cell, an

electrical heater, and an inverter, the electrical heater is a calrod. In some embodiments,
4
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where the fuel cell system comprises a fuel cell, an electrical heater, and an inverter, the
electrical heater is a resistive panel. In some embodiments, where the fuel cell system
comprises a fuel cell, an electrical heater, and an inverter, the electrical heater is a

resistive coil embedded in an insulation container or a hotbox.

[0019] In some embodiments, the fuel cell system further comprises a parasitic load.
In some embodiments, the parasitic load of the fuel cell system is selected from the group
consisting of one or more blowers, controllers, valves, heaters, coolers, filters, turbines,

and humidifiers.

[0020] In some embodiments, a method of operating a high temperature fuel cell
system comprises putting at least one fuel cell in an operating mode. The system
comprises a plurality of fuel cells, each of which is in close contact with an electrical
heater. Each of the electrical heaters is powered by the fuel cell it is in close contact with.
Each of the electrical heaters simultaneously provides load and heat to the fuel cell it is
in close contact with, and wherein each of the fuel cells may be in a standby mode, in a
startup mode, and/or in an operating mode. In some embodiments, the method further
comprises retaining the fuel cell at an operating temperature of 500°C or greater in

standby mode.

[0021] In some embodiments, a method of operating a high temperature fuel cell
system comprises operating a parasitic load. In some embodiments, the parasitic load of
the present method is selected from the group consisting of one or more blowers,

controllers, valves, heaters, coolers, filters, turbines, and humidifiers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with reference
to the accompanying drawings, in which like characters represent like parts throughout

the drawings, wherein:

[0023] FIG. 1 is a block diagram of one embodiment of a system for heating a high

temperature fuel cell system as described in the present application.
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[0024]  FIG. 2 is a block diagram of one embodiment of a system for heating a high
temperature fuel cell system illustrating the electrical heater in close contact with the fuel
cell, a DC/DC boost, an inverter, and a battery, where the resistive load is connected

through the DC/DC boost, before the inverter.

[0025] FIG. 3 is a block diagram of one embodiment of a system for heating a high
temperature fuel cell system illustrating the electrical heater in close contact with the fuel
cell, a DC/DC boost, and an inverter, where the resistive load is connected through the

DC/DC boost, before the inverter.

[0026] FIG. 4 is a block diagram of one embodiment of a system for heating a high
temperature fuel cell system illustrating the electrical heater in close contact with the fuel
cell, a DC/DC boost, an inverter, and a battery, where the resistive load is connected

before the DC/DC boost.

[0027] FIG. 5 is a block diagram of one embodiment of a system for heating a high
temperature fuel cell system illustrating the electrical heater in close contact with the fuel
cell, a DC/DC boost, and an inverter, where the resistive load is connected before the

DC/DC boost.

[0028] FIG. 6 is a block diagram of one embodiment of a system for heating a high
temperature fuel cell system illustrating the electrical heater in close contact with the fuel
cell, a DC/DC boost, an inverter, and a battery, where the resistive load is connected after

the inverter.

[0029] FIG. 7 is a block diagram of one embodiment of a system for heating a high
temperature fuel cell system illustrating the electrical heater in close contact with the fuel
cell, a DC/DC boost, and an inverter, where the resistive load is connected after the

inverter.

DETAILED DESCRIPTION

[0030] In the following detailed description, reference is made to the accompanying
drawings that form a part hereof and in which is shown by way of illustration specific

illustrative embodiments in which the invention may be practiced. These embodiments
6
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are described in sufficient detail to enable those skilled in the art to practice what is
claimed and it is to be understood that other embodiments may be utilized and that
logical, mechanical, and electrical changes may be made without departing from the spirit
and scope of the claims. The following detailed description is, therefore, not to be taken

in a limiting sense.

[0031] Embodiments presented herein involve systems and methods for maintaining
near operating mode internal temperatures of high temperature fuel cell systems, such as
solid oxide fuel cell (SOFC) systems, during a standby mode, a startup mode, an
operating mode, or a shutdown mode. Advantageously, these embodiments provide a
fuel-efficient method of maintaining the internal system temperature of a high
temperature fuel cell system. An exemplary high temperature fuel cell system is a solid

oxide fuel cell (SOFC) system.

[0032] In some embodiments, the present systems and methods for maintaining near
operating mode internal temperatures may comprise lower temperature fuel cell systems
(e.g., operating temperatures below 500°C), such as proton exchange membrane fuel cell
(PEMEFC) systems or other types of fuel cells systems (e.g., phosphoric acid fuel cells
(PAFCs) 104 and molten carbonate fuel cells (MCFCs). In other embodiments, the
present systems and methods do not comprise or include proton exchange membrane fuel
cell (PEMFC) systems or other types of fuel cells systems (e.g., phosphoric acid fuel
cells (PAFCs)) 104 and molten carbonate fuel cells (MCFCs).

[0033] FIG. 1 is a block diagram of a power generation system for heating a high
temperature fuel cell system 100 (e.g., integrated power generation and heater system)
according to an embodiment of the present invention. The integrated power generation
and heater system 100 includes a fuel cell area 110 and an electronics area 120. The fuel
cell area 110 comprises a fuel cell section 115 and a controls/exhaust section 140. A fuel
cell 130 and an internal electrical heater 135 closely coupled to the fuel cell 130 are
housed within a hotbox 125 with a thermal casing. In some embodiments, the hotbox 125
is an insulation container or is comprised and/or embedded in an insulation container. In
some embodiments, the contactors connecting the heater 135 to the connection point may

be in the electronics area 120.
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[0034]  The controls/exhaust section 140 comprises controls (not shown) that regulate
the amount of fuel sent to the fuel cell 130 from an external fuel source (not shown). In
some embodiments, the controls/exhaust section 140 also comprises a blower and an
exhaust system (not shown) that allows air to travel into the thermal casing of the hotbox
125 to the fuel cell 130 and allows unused fuel, water, and gases to leave the system 100.
The thermal casing of the hotbox 125 of the fuel cell section 115 provides separation
between the fuel cell 130 and the remaining system 100 to protect the other components

of system 100 and to retain heat around the fuel cell 130.

[0035] The electrical heater 135 is designed to provide load to the fuel cell 130 and
heat to the fuel cell 130 at the same time. This helps to smooth out state transitions. In
some embodiments, the high temperature fuel cell 130 is a solid oxide fuel cell (SOFC).
In other embodiments, the fuel cell may be other high temperature fuel cells of the art
(e.g., proton exchange membrane, molten carbonate, etc.). The electrical heater 135

inside the hotbox 125 is connected to the fuel cell output using a contactor.

[0036] In some embodiments, the electrical heater 135 is a calrod. In some
embodiments, the electrical heater 135 is a resistive panel. In some embodiments, the
electrical heater 135 is a resistive parasitic load 260 on the fuel cell 130. In some

embodiments, the electrical heater 135 is a resistive coil embedded in the hotbox 125.

[0037] In one embodiment, as illustrated in FIG. 2, the resistive load 230 is connected
through a DC/DC boost 210 to enable the fuel cell 130 to maintain some load and provide
heat to the hotbox 125. In some embodiments, the DC/DC boost 210 is one directional.
In other embodiments, the DC/DC boost 210 is bidirectional. In further embodiments,

the DC/DC boost 210 is not bidirectional.

[0038] In some embodiments, the fuel cell 130 has a voltage output 270 in the range
from about 190 VDC to about 360 VDC (Volts DC). In some embodiments, the voltage
270 is input into the inverter 220 after the DC/DC boost 210 and is in the range from
about 400 VDC to about 800 VDC. In some embodiments, the fuel cell 130 has a voltage
output 270 ranging from about 390 VDC to about 880 VDC. In some embodiments, the
voltage 270 is input into the inverter 220 after the DC/DC boost 210 and ranges from
about 900 VDC to about 1500 VDC.



WO 2022/159578 PCT/US2022/013124

[0039] In some embodiments, the present power generation and fuel cell system may
comprise an optional parasitic load 260. An illustrative parasitic load 260 of the present
power generation and fuel cell system comprises one or more blowers, controllers,
valves, heaters, coolers, filters, turbines, humidifiers, and/or any other component that
requires power to operate and is connected (e.g., directly or indirectly) to the fuel cell
system. In some embodiments, the parasitic load 260 may be positioned after the DC/DC
boost 210 converter so as to drive DC parasitic loads 260. In other embodiments, the

parasitic load 260 may be positioned elsewhere so as to drive DC parasitic loads 260.

[0040] The voltage output 270 of the present power generation system may be in any
VAC (Volts AC) standard. For example the voltage output may be a 1-phase or 3-phase
VAC standard. The VAC standard of the voltage output 270 may also be in any
configuration, including Delta and Y configurations. In some embodiments, the voltage
output 270 is about 208 VAC 3-phase Delta. In other embodiments, the voltage output
270 is different and may be any VAC. An illustrative voltage output 270 may be about
480 VAC, about 240 VAC, and/or about 600 VAC, etc.

[0041] In such embodiments, the fuel cell 130 and the one directional DC/DC boost
210 are in a parallel configuration with a battery 240 in series with a bi-directional
DC/DC boost 250. In some embodiments, the DC/DC boost 210, the inverter 220, the
battery 240, and the bidirectional DC/DC boost 250 is in the electronics area 120. In other
embodiments, contactors connecting the heater 135 to the connection point are in the

electronics area 120.

[0042]  To put the fuel cell 130 in a “hot” standby mode the output of the fuel cell 130
is brought down to the value of the resistive load. The load is then switched to the
electrical heater 135. The output power from the system is zero. The fuel cell 130, at zero
load and in partial load scenarios does not produce enough heat to keep itself hot (i.e., at
operating temperature) for near instantaneous higher power option. Though an internal
burner can provide some heat, the heat provided by such a burner is not enough to enable
the system to be functional or operational, particularly when the load is very low or when

the load is zero.

[0043]  Additionally, during startup, it is not efficient for the fuel cell 130 to go from

zero load to full load. Instead, the fuel cell needs time to heat up from the zero load steady
9



WO 2022/159578 PCT/US2022/013124

state temperature to full load operating temperature. By putting the electrical heater 135
after the DC/DC boost 210 the electrical heater 135 can be programmed to provide a load
lower than its nominal rating in order to slowly bring up the temperature and the current
in the fuel cell 130 before needing to supply load to a device, instrument, equipment or

industrial facility operated by a customer.

[0044]  The temperature of the fuel cell 130 may be increased by some combination
of agents selected from a group consisting of the internal resistive heating from the load
of the fuel cell and an internal natural gas burner, with the extra heat from the electrical
heater 135 in the hotbox providing the load. Once the fuel cell 130 is at operating
temperature, the load may be delivered to the customer by the battery 240 connected to
a bi-directional DC/DC boost 250 for a short period while the load on the fuel cell 130 is

switched from the electrical heater 135 to the customer load.

[0045]  This internal hotbox resistive load provides two functions of providing heat to
the fuel cell 130 and load to the fuel cell 130. In one embodiment, as illustrated in FIG.
3, the resistive load 230 is connected through a DC/DC boost 210, but there is no battery
240 in a parallel configuration with the fuel cell 130. The fuel cell 130 has a voltage
output in the range from about 190 VDC to about 360 VDC. The voltage being input into
the inverter 220 after the DC/DC boost 210 is in the range from about 400 VDC to about
800 VDC.

[0046] In one embodiment, as illustrated in FIG. 4 the resistive load 230 is attached
directly to the fuel cell 130. The fuel cell 130 and the one-directional DC/DC boost 210
is in a parallel configuration with a battery 240 in series with a bi-directional DC/DC
boost 250. The DC/DC boost 210 is one directional. The fuel cell 130 has a voltage output
in the range from about 190 VDC to about 360 VDC. The voltage being input into the
inverter 220 after the DC/DC boost 210 is in the range from about 400 VDC to about 800
VDC, such as about 480 VAC, about 240 VAC, and/or about 600 VAC, or any specific

value within that range.

[0047]  Insome embodiments, there may be a higher voltage case such as a VDC stack,
which may eliminate the need for a DC/DC boost box 250. In some embodiments, the
voltage stack may be a 400 VDC stack. In other embodiments, the voltage stack may be

a 600 VDC stack. In further embodiments, the voltage stack maybe an 800 VDC stack.
10
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In some embodiments, the voltage stack may be one that is greater than a 400 VDC stack

but less than a 800 VDC stack.

[0048] In one embodiment, as illustrated in FIG. 5 the resistive load 230 is attached
directly to the fuel cell 130, but there is no battery 240 in a parallel configuration with
the fuel cell 130. The DC/DC boost 210 is one directional. The fuel cell 130 has a voltage
output in the range from about 190 VDC to about 360 VDC. The voltage being input into
the inverter 220 after the DC/DC boost 210 is in the range from about 400 VDC to about
800 VDC.

[0049] In some embodiments, as illustrated in FIG. 6, the resistive load is attached
after the load inverter 220. The DC/DC boost 210 is one directional. The fuel cell 130
and the one-directional DC/DC boost 210 is in a parallel configuration with a battery 240
in series with a bi-directional DC/DC boost 250. The fuel cell 130 has a voltage output
in the range from about 190 VDC to about 360 VDC. The voltage being input into the
inverter 220 after the DC/DC boost 210 is in the range from about 400 VDC to about 800
VDC.

[0050] In some embodiments, as illustrated in FIG. 7, the resistive load is attached
after the load inverter 220, but there is no battery 240 in a parallel configuration with the
fuel cell 130. The DC/DC boost 210 is one directional. In some embodiments, the fuel
cell 130 has a voltage output in the range from about 190 VDC to about 360 VDC. The
voltage being input into the inverter 220 after the DC/DC boost 210 is in the range from
about 400 VDC to about 800 VDC. The voltage being input into the inverter 220 after
the DC/DC boost 210 is in the range from about 400 VDC to about 800 VDC.

[0051]  Each architecture has a benefit for the fuel cell 130. When the electric heater
135 is directly attached to the fuel cell 130, it enables the fuel cell 130 to keep operating
in the event of loss of the inverter 220 or the DC/DC boost 210. However, in such cases,
the control of the load may be limited. When the load is attached to the DC/DC boost
210, the turning on and off of the heater for different heater load states will cause less
disturbance to the fuel cell 130, and allow usage even if the inverter is disabled. However,
the higher voltage from the DC/DC boost 210 can cause other usability issues such as the

need for stronger dielectrics. When it is attached after the inverter 220, it allows the most

11



WO 2022/159578 PCT/US2022/013124

controllability and least fuel cell 130 disturbance, but it makes load switching between

the electrical heater 135 and external load more difficult.

[0052]  In operation, the system 100 of FIG. 1 has four modes, a startup mode, an
operating mode, a standby mode, and a shutdown mode. When the system 100 is not
generating a sufficient amount of power to operate an external load, the system 100 is in
a standby mode. When the system 100 is generating sufficient power to operate an
external load, such as a customer’s load, the system 100 is in an operating mode. The
system 100 is in a startup mode when the system 100 transitions or is in the process of

transitioning from a standby mode to an operating mode.

[0053] In one embodiment, the system 100 is in shutdown mode when it is not fully
in any one of a startup mode, a standby mode, or an operating mode. In other
embodiments, the system 100 is in shutdown mode when the system transitions or is in
the process of transitioning from an operating mode to a standby mode. In further
embodiments, the system 100 is in shutdown mode when the system is in the process of
transitioning from providing sufficient power to operate an external load to not providing

sufficient power to operate an external load for any reason.

[0054]  When system 100 is in a standby mode, the system is programmed to run at a
minimal capacity such that the fuel cell 130 can power the electrical heater 135 to
generate heat. Thus, the electrical heater 135 is powered by the fuel cell 130 to heat the
hotbox 125 to a near operating mode temperature. In an illustrative embodiment, the

operating temperature is approximately 700°C, such as in the case of a SOFC.

[0055] The operating temperature for a high temperature fuel cell of the present
disclosure, including SOFCs or other fuel cell types, is at or about 500°C or greater.
Typical high temperature fuel cell operating temperatures are within a range of from
about 500°C to about 1000°C, from about 600°C to about 1000°C, from about 700°C to
about 1000°C, from about 800°C to about 1000°C, from about 900°C to about 1000°C,
from about 700°C to about 950°C, from about 750°C to about 900°C, and from about
800°C to about 900°C. In some embodiments, the operating temperature for the fuel
cells may be below 500°C, such as ranging from about 50°C to about 499°C, including
any specific or range of temperature comprised therein. In other embodiments, the

operating temperature for the fuel cells may not be below 500°C, such as ranging from
12
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about 50°C to about 499°C, including any specific or range of temperature comprised

therein.

[0056] Insome embodiments, about 10% power is required to keep hotbox 125 at the
requisite operating temperature, thus preventing excessive fuel loss. In some
embodiments, the system 100 can include a temperature monitoring component, device
or circuit (not shown) that monitors the temperature of the fuel cell 130 and allows

electrical heater 135 to receive power from the fuel cell 130.

[0057]  When system 100 is in the operating mode, the controls/exhaust area 120 allow
fuel and air to enter the hotbox 125, which allows the fuel cell 130 to generate power.
Power generated by the fuel cell 130 can be sent via electrical connection 150 to the
electronics area 110 and from there to an external load, such as the customer’s load 160,
via electrical connection 155. If the fuel cell 130 is not required to generate power for the
load 160, the system 100 returns to the standby mode. When the system is in the standby
mode, the system directs the power towards the electrical heater 135, which prevents
complete system shut down. This is also useful during startup mode, as the system has
been using power to keep the fuel cell 130 heated. The electrical heater 135 fully meets

the load requirement for this process.

[0058] Importantly, a battery 240 of the present system may provide energy to the
electrical heater 135 under no load or partial load conditions. To do so, the battery 240
would have to be sized to account for the customer’s maximum time frame of allowance
in that state. Thus, an additional benefit of the integrated power generation and heater
system 100 as described herein is that the system does not depend on an external power
source. Thus, the system 100 only requires a smaller sized battery 240 since the battery
240 will only be used for short transient conditions. This is because the no load or partial
load conditions may be controlled with a combination of lower loading of the fuel cell

130, and partial or full loading on the internal heater 135.

[0059] In some embodiments, a plurality of systems 100 may be connected. Each of
those systems 100 may be independently controlled such that they may be in a startup
mode, an operating mode and/or a standby mode. In some embodiments, the system 100

may be used to power a stationary center such as data center. In some embodiments, the
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system 100 may be used to power a moving object, such as a vehicle (e.g., truck, car or

train).

[0060] The following numbered embodiments are contemplated and non-limiting:

1. A high temperature fuel cell system comprising: a fuel cell; an electrical heater;
and an inverter; wherein the electrical heater is powered by the fuel cell, wherein the
electrical heater provides load and heat to the fuel cell, and wherein the fuel cell is
retained at an operating temperature of 500°C or greater in a standby mode, in an
operating mode, or in a startup mode.

2. A method of operating a high temperature fuel cell system comprising: putting at
least one fuel cell in an operating mode; wherein the system comprises a plurality of fuel
cells, each of which is in close contact with an electrical heater, wherein each of the
electrical heaters is powered by the fuel cell it is in close contact with, wherein each of
the electrical heaters simultaneously provides load and heat to the fuel cell it is in close
contact with, and wherein each of the fuel cells may be in a standby mode, a startup
mode, or in the operating mode.

3. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the fuel cell system is a solid
oxide fuel cell system, an integrated power generation and heater system, a proton
exchange membrane fuel cell system, a molten carbonate fuel cell system, a phosphoric
acid fuel cell system and/or any other high and/or low temperature fuel cell system of the
art.

4. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the system comprises a fuel
cell area and/or an electronics area.

5. The system and/or the method of clause 4, any other suitable clauses, or any
combination of suitable clauses, wherein the fuel cell area comprises a fuel cell section
and/or a controls/exhaust section.

6. The system and/or the method of clause 5, any other suitable clauses, or any
combination of suitable clauses, wherein the fuel cell section comprises a hotbox.

7. The system and/or the method of clause 6, any other suitable clauses, or any
combination of suitable clauses, wherein the hotbox houses the fuel cell and the
electrical heater.

8. The system and/or the method of clause 6, any other suitable clauses, or any

combination of suitable clauses, wherein the hotbox has a thermal casing.
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9. The system and/or the method of clause 8, any other suitable clauses, or any
combination of suitable clauses, wherein the thermal casing provides separation
between the fuel cell and the system.

10. The system and/or the method of clause 9, any other suitable clauses, or any
combination of suitable clauses, wherein the separation protects other components of
the system and/or retains heat around the fuel cell.

11. The system and/or the method of clause 6, any other suitable clauses, or any
combination of suitable clauses, wherein the hotbox is an insulation container or is
comprised and/or embedded in an insulation container.

12. The system and/or the method of clause 6, any other suitable clauses, or any
combination of suitable clauses, wherein the hotbox is kept at the requisite operating
temperature when the system is at about 10% power.

13. The system and/or the method of clause 5, any other suitable clauses, or any
combination of suitable clauses, wherein the controls/exhaust system comprises
controls, a blower, and/or an exhaust system.

14. The system and/or the method of clause 13, any other suitable clauses, or any
combination of suitable clauses, wherein the controls regulate the amount of fuel sent
to the fuel cell from an external fuel cell.

15. The system and/or the method of clause 13, any other suitable clauses, or any
combination of suitable clauses, wherein the blower and/or the exhaust system allows
air to travel into the thermal casing of the hotbox to the fuel cell, and/or allows unused
fuel, water, and gases to leave the system.

16. The system and/or the method of clause 4, any other suitable clauses, or any
combination of suitable clauses, wherein the electronics area houses contactors
connecting the heater to a connection point.

17. The system and/or the method of clause 4, any other suitable clauses, or any
combination of suitable clauses, wherein the electronics area houses a DC/DC boost,
the inverter, a battery, and/or a bidirectional DC/DC boost.

18. The system and/or the method of clause 17, any other suitable clauses, or any
combination of suitable clauses, wherein the DC/DC boost is one directional,
bidirectional, and/or not bidirectional.

19. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the system has a voltage

output.
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20. The system and/or the method of clause 19, any other suitable clauses, or any
combination of suitable clauses, wherein the voltage output is a 1-phase volts AC
(VAC) standard, a 3-phase VAC standard, and/or any volts VAC standard.

21. The system and/or the method of clause 20, any other suitable clauses, or any
combination of suitable clauses, wherein the VAC standard is in Delta configurations,
Y configurations, and/or any other configuration.

22. The system and/or the method of clause 19, any other suitable clauses, or any
combination of suitable clauses, wherein the voltage output is about 208 VAC 3-phase
Delta, about 480 VAC, about 240 VAC, about 600 VAC, and/or any VAC.

23. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, further comprising a resistive load
connected through the DC/DC boost.

24, The system and/or the method of clause 23, any other suitable clauses, or any
combination of suitable clauses, wherein the load from the electrical heater and/or the
resistive load connected through the DC/DC boost enables the fuel cell to maintain some
load and provide heat to the hotbox.

25. The system and/or the method of clause 23, any other suitable clauses, or any
combination of suitable clauses, wherein the load from the electrical heater and/or the
resistive load is attached directly to the fuel cell.

26. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, further comprising the one directional
DC/DC boost connected to the fuel cell.

27. The system and/or the method of clause 26, any other suitable clauses, or any
combination of suitable clauses, wherein the load from the electrical heater and/or the
resistive load is connected before the one directional DC/DC boost, is connected after the
one directional DC/DC boost and before the inverter, and/or is connected after the
inverter.

28. The system and/or the method of clause 26, any other suitable clauses, or any
combination of suitable clauses, further comprising a battery and the bidirectional
DC/DC boost connected in parallel to the fuel cell.

29. The system and/or the method of clause 28, any other suitable clauses, or any
combination of suitable clauses, wherein the load from the electrical heater and/or the
resistive load is connected after the one directional DC/DC boost and before the inverter,
is connected before the one directional DC/DC boost, and/or is connected after the

inverter.
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30. The system and/or the method of clause 28, any other suitable clauses, or any
combination of suitable clauses, wherein the load from the electrical heater and/or the
resistive load is attached directly to the fuel cell.

31. The system and/or the method of clause 28, any other suitable clauses, or any
combination of suitable clauses, wherein the battery provides energy to the electrical
heater under no load or partial load conditions and/or is sized to account for the
customer’s maximum time frame of allowance in that state.

32. The system and/or the method of clause 31, any other suitable clauses, or any
combination of suitable clauses, wherein the no load or partial load conditions are
controlled with a combination of lower loading of the fuel cell and partial or full loading
on the internal heater.

33. The system and/or the method of clause 28, any other suitable clauses, or any
combination of suitable clauses, wherein the battery is a smaller sized battery and/or is
used for short transient conditions.

34. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, further comprising the battery and the
bidirectional DC/DC boost connected in parallel to the fuel cell.

35. The system and/or the method of clause 34, any other suitable clauses, or any
combination of suitable clauses, wherein the load from the electrical heater and/or the
resistive load is connected before and/or after the inverter.

36. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, further comprising retaining the fuel
cell at an operating temperature of 500°C or greater in standby mode.

37. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, further comprising a parasitic load.
38. The system and/or the method of clause 37, any other suitable clauses, or any
combination of suitable clauses, wherein the parasitic load is selected from the group
consisting of one or more blowers, controllers, valves, heaters, coolers, filters, turbines,
humidifiers and/or any other component that requires power to operate.

39. The system and/or the method of clause 37, any other suitable clauses, or any
combination of suitable clauses, wherein the parasitic load is directly or indirectly
connected to the fuel cell system.

40. The system and/or the method of clause 37, any other suitable clauses, or any
combination of suitable clauses, wherein the parasitic load is positioned after the

DC/DC boost or elsewhere to drive DC parasitic loads.
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41. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, further comprising operating the
parasitic load.

42. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, further comprising a VDC stack and/or
a voltage stack.

43. The system and/or the method of clause 42, any other suitable clauses, or any
combination of suitable clauses, wherein the voltage stack is a 400 VDC stack, a 600
VDC stack, a 800 VDC stack, and/or is greater than a 400 VDC stack but less than a 800
VDC stack.

44, The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, further comprising a temperature
monitoring component, device, or circuit.

45. The system and/or the method of clause 44, any other suitable clauses, or any
combination of suitable clauses, wherein the temperature monitoring component,
device, or circuit monitors the temperature of the fuel cell and/or allows the heater to
receive power from the fuel cell.

46. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the system does not depend
on an external power source.

47. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the system includes a plurality
of systems.

48. The system and/or the method of clause 47, any other suitable clauses, or any
combination of suitable clauses, wherein each of the systems are independently
controlled such that they may be in the startup mode, the operating mode and/or the
standby mode.

49. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the system is used to power a
stationary center, a data center, a moving object, a vehicle, a truck, a car, and/or a train.

50. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the fuel cell is a solid oxide
fuel cell, a proton exchange membrane fuel cell, a molten carbonate fuel cell, a
phosphoric acid fuel cell and/or any other high and/or low temperature fuel cell system

of the art.
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51. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the fuel cell has a voltage
output in the range from about 190 Volts DC (VDC) to about 360 VDC, and/or from
about 390 VDC to about 880 VDC.

52. The system and/or the method of clause 51, any other suitable clauses, or any
combination of suitable clauses, wherein the voltage is input into the inverter after the
DC/DC boost and/or is in the range from about 400 VDC to about 800 VDC, about 480
VAC, about 240 VAC, about 600 VAC, from about 900 VDC to about 1500 VDC, and/or
any specific value within that range.

53. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the temperature of the fuel
cell is increased by some combination of agents selected from a group consisting of the
internal resistive heating from the load of the fuel cell and an internal natural gas burner.
54. The system and/or the method of clause 53, any other suitable clauses, or any
combination of suitable clauses, wherein the internal resistive heating from the load of
the fuel cell is from the electrical heater in the hotbox providing the load.

55. The system and/or the method of clause 54, any other suitable clauses, or any
combination of suitable clauses, wherein the internal hotbox resistive load provides heat
to the fuel cell and load to the fuel cell.

56. The system and/or the method of clause 53, any other suitable clauses, or any
combination of suitable clauses, wherein the load is delivered to the customer by the
battery connected to the bidirectional DC/DC boost for a short period while the load on
the fuel cell is switched from the electrical heater to the customer load once the fuel cell
is at operating temperature.

57. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the electrical heater is a
calrod, a resistive panel, an internal electrical heater, a resistive parasitic load on the fuel
cell, and/or a resistive coil embedded in the insulation container or the hotbox.

58. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the electrical heater provides
load and heat to the fuel cell at the same time.

59. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the electrical heater is

connected to an output of the fuel cell using a contactor.
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60. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the electrical heater is
programmed to provide a load lower than its nominal rating to slowly bring up the
temperature and the current in the fuel cell before needing to supply load to a device,
instrument, equipment or industrial facility operated by a customer.

61. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the electrical heater fully
meets the load requirement to keep the fuel cell heated.

62. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the load from the electrical
heater and/or the resistive load is connected before and/or after the inverter.

63. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the operating temperature is
at or about 700°C, at or about 500°C or greater, from about 500°C to about 1000°C, from
about 600°C to about 1000°C, from about 700°C to about 1000°C, from about 800°C to
about 1000°C, from about 900°C to about 1000°C, from about 700°C to about 950°C,
from about 750°C to about 900°C, from about 800°C to about 900°C, at or about 500°C
or lower, from about 50°C to about 499°C, and/or any specific or range of temperature
comprised therein.

64. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the system switches from the
operating mode to the standby mode when no power is being drawn from an alternate
load, and wherein the system directs its power towards the electrical heater in the standby
mode.

65. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the standby mode is a hot
standby mode.

66. The system and/or the method of clause 65, any other suitable clauses, or any
combination of suitable clauses, wherein the hot standby mode comprises bringing the
output of the fuel cell down to the value of the resistive load.

67. The system and/or the method of clause 66, any other suitable clauses, or any
combination of suitable clauses, further comprising switching the resistive load to the

electrical heater.
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68. The system and/or the method of clause 65, any other suitable clauses, or any
combination of suitable clauses, wherein the hot standby mode comprises an output
power from the system of zero.

69. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the standby mode occurs when
the system is not generating a sufficient amount of power to operate an external load.
70. The system and/or the method of clause 69, any other suitable clauses, or any
combination of suitable clauses, wherein the system in standby mode is programmed
to run at a minimal capacity such that the fuel cell can power the electrical heater to
generate heat.

71. The system and/or the method of clause 70, any other suitable clauses, or any
combination of suitable clauses, wherein the electrical heater is powered by the fuel
cell to heat the hotbox to a near operating mode temperature.

72. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the standby mode occurs when
fuel cell is not required to generate power for the load.

73. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the standby mode includes
the system directing the power towards the electrical heater.

74. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the operating mode occurs
when the system is generating sufficient power to operate an external load and/or a
customer’s load.

75. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the operating mode includes
the controls/exhaust area allowing fuel and air to enter the hotbox and/or allowing the
fuel cell to generate power.

76. The system and/or the method of clause 75, any other suitable clauses, or any
combination of suitable clauses, wherein the power generated by the fuel cell is sent
via electrical connection to the electronics area and/or to the external load via electrical
connection.

TI. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, wherein the startup mode occurs when
the system transitions or is in the process of transitioning from the standby mode to the

operating mode.
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78. The system and/or the method of clauses 1 and/or 2, any other suitable
clauses, or any combination of suitable clauses, further comprising a shutdown mode.
79. The system and/or the method of clause 78, any other suitable clauses, or any
combination of suitable clauses, wherein the shutdown mode occurs when the system
is not fulling in any one of the startup mode, the standby mode, or the operating mode.
80. The system and/or the method of clause 78, any other suitable clauses, or any
combination of suitable clauses, wherein the shutdown mode occurs when the system
transitions or is in the process of transitioning from the operating mode to the standby
mode.

81. The system and/or the method of clause 78, any other suitable clauses, or any
combination of suitable clauses, wherein the shutdown mode occurs when the system
is in the process of transitioning from providing sufficient power to operate an external

load to not providing sufficient power to operate an external load.

[0061] Moreover, the features illustrated or described in connection with one
exemplary embodiment may be combined with any other feature or element of any other
embodiment described herein. Such modifications and variations are intended to be
included within the scope of the present disclosure. Further, a person skilled in the art
will recognize that terms commonly known to those skilled in the art may be used

interchangeably herein.

[0062]  As used herein, an element or step recited in the singular and proceeded with
the word “a” or “an” should be understood as not excluding plural of said elements or
steps, unless such exclusion is explicitly stated. Furthermore, references to “one
embodiment” of the presently described subject matter are not intended to be interpreted
as excluding the existence of additional embodiments that also incorporate the recited
features. Specified numerical ranges of units, measurements, and/or values comprise,
consist essentially or, or consist of all the numerical values, units, measurements, and/or
ranges including or within those ranges and/or endpoints, whether those numerical
values, units, measurements, and/or ranges are explicitly specified in the present

disclosure or not.

[0063] Unless defined otherwise, technical and scientific terms used herein have the

same meaning as is commonly understood by one of ordinary skill in the art to which this

LN

second,” “third” and the like, as used herein do
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not denote any order or importance, but rather are used to distinguish one element from
another. The term “or” is meant to be inclusive and mean either or all of the listed items.
In addition, the terms ‘“connected” and ‘“coupled” are not restricted to physical or
mechanical connections or couplings, and can include electrical connections or

couplings, whether direct or indirect.

[0064]  Moreover, unless explicitly stated to the contrary, embodiments “comprising,”
“including,” or “having” an element or a plurality of elements having a particular
property may include additional such elements not having that property. The term
“comprising” or “comprises” refers to a composition, compound, formulation, or method
that is inclusive and does not exclude additional elements, components, and/or method
steps. The term “comprising” also refers to a composition, compound, formulation, or
method embodiment of the present disclosure that is inclusive and does not exclude

additional elements, components, or method steps.

[0065]  The phrase “consisting of”” or “consists of” refers to a compound, composition,
formulation, or method that excludes the presence of any additional elements,
components, or method steps. The term “consisting of” also refers to a compound,
composition, formulation, or method of the present disclosure that excludes the presence

of any additional elements, components, or method steps.

[0066] The phrase “consisting essentially of” or “consists essentially of” refers to a
composition, compound, formulation, or method that is inclusive of additional elements,
components, or method steps that do not materially affect the characteristic(s) of the
composition, compound, formulation, or method. The phrase “consisting essentially of”
also refers to a composition, compound, formulation, or method of the present disclosure
that is inclusive of additional elements, components, or method steps that do not
materially affect the characteristic(s) of the composition, compound, formulation, or

method steps.

[0067]  Approximating language, as used herein throughout the specification and
claims, may be applied to modify any quantitative representation that could permissibly
vary without resulting in a change in the basic function to which it is related. Accordingly,
a value modified by a term or terms, such as “about”, and “substantially” is not to be

limited to the precise value specified. In some instances, the approximating language may
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correspond to the precision of an instrument for measuring the value. Here and
throughout the specification and claims, range limitations may be combined and/or
interchanged. Such ranges are identified and include all the sub-ranges contained therein

unless context or language indicates otherwise.

[0068] As used herein, the terms “may” and “may be” indicate a possibility of an
occurrence within a set of circumstances; a possession of a specified property,
characteristic or function; and/or qualify another verb by expressing one or more of an
ability, capability, or possibility associated with the qualified verb. Accordingly, usage
of “may” and “may be” indicates that a modified term is apparently appropriate, capable,
or suitable for an indicated capacity, function, or usage, while taking into account that in
some circumstances, the modified term may sometimes not be appropriate, capable, or

suitable.

[0069] Itis to be understood that the above description is intended to be illustrative,
and not restrictive. For example, the above-described embodiments (and/or aspects
thereof) may be used individually, together, or in combination with each other. In
addition, many modifications may be made to adapt a particular situation or material to
the teachings of the subject matter set forth herein without departing from its scope.
While the dimensions and types of materials described herein are intended to define the
parameters of the disclosed subject matter, they are by no means limiting and are
exemplary embodiments. Many other embodiments will be apparent to those of skill in
the art upon reviewing the above description. The scope of the subject matter described
herein should, therefore, be determined with reference to the appended claims, along with

the full scope of equivalents to which such claims are entitled.

[0070]  This written description uses examples to disclose several embodiments of the
subject matter set forth herein, including the best mode, and also to enable a person of
ordinary skill in the art to practice the embodiments of disclosed subject matter, including
making and using the devices or systems and performing the methods. The patentable
scope of the subject matter described herein is defined by the claims, and may include
other examples that occur to those of ordinary skill in the art. Such other examples are
intended to be within the scope of the claims if they have structural elements that do not
differ from the literal language of the claims, or if they include equivalent structural

elements with insubstantial differences from the literal languages of the claims.
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[0071]  While only certain features of the invention have been illustrated and described
herein, many modifications and changes will occur to those skilled in the art. It is,
therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.
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WHAT IS CLAIMED IS:

1. A high temperature fuel cell system comprising:
a fuel cell;
an electrical heater; and
an inverter;
wherein the electrical heater is powered by the fuel cell,
wherein the electrical heater provides load and heat to the fuel cell,
and wherein the fuel cell is retained at an operating temperature of 500°C or greater in a

standby mode, in an operating mode, or in a startup mode.

2. The system of claim 1, further comprising a one directional DC/DC boost

connected to the fuel cell.

3. The system of claim 1, further comprising a battery and a bi-directional

DC/DC boost connected in parallel to the fuel cell.

4.  The system of claim 2, wherein the load from the electrical heater is

connected before the one directional DC/DC boost.

5. The system of claim 2, wherein the load from the electrical heater is

connected after the one directional DC/DC boost and before the inverter.

6. The system of claim 2, wherein the load from the electrical heater is

connected after the inverter.

7. The system of claim 1, wherein the load from the electrical heater is

connected before the inverter.

8.  The system of claim 1, wherein the load from the electrical heater is
connected after the inverter.
9.  The system of claim 2, further comprising a battery and a bi-directional

DC/DC boost connected in parallel to the fuel cell.
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10. The system of claim 9, wherein the load from the electrical heater is

connected after the one directional DC/DC boost and before the inverter.

11.  The system of claim 9, wherein the load from the electrical heater is

connected before the one directional DC/DC boost.

12.  The system of claim 9, wherein the load from the electrical heater is

connected after the inverter.

13.  The system of claim 3, wherein the load from the electrical heater is

connected after the inverter.

14. The system of claim 3, wherein the load from the electrical heater is

connected before the inverter.

15. The system of claim 1, wherein the system switches from the operating
mode to the standby mode when no power is being drawn from an alternate load, and

wherein the system directs its power towards the electrical heater in the standby mode.

16. The system of claim 1, wherein the electrical heater is a calrod.

17. The system of claim 1, wherein the electrical heater is a resistive panel.

18. The system of claim 1, wherein the electrical heater is a resistive coil

embedded in a insulation container or a hotbox.

19. A method of operating a high temperature fuel cell system comprising:
placing at least one fuel cell in an operating mode;
wherein the system comprises a plurality of fuel cells, each of
which is in close contact with an electrical heater, wherein each of the electrical heaters
is powered by the fuel cell it is in close contact with, wherein each of the electrical heaters
simultaneously provides load and heat to the fuel cell it is in close contact with, and
wherein each of the fuel cells may be in a standby mode, a startup mode, or in the

operating mode.
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20. The method of claim 19, comprising retaining the fuel cell at an operating

temperature of 500°C or greater in standby mode.
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