
WO 2004/090298 PCT/US2004/009783  COOLANT SYSTEM FOR
FUEL PROCESSOR BACKGROUND OF THE INVENTION  s FIELD OF
THE INVENTION The present invention pertains to fuel
cell power plants and, more particularly,  to a
coolant system for an integrated fuel cell power
plant. DESCRIPTION OF THE RELATED ART 10 Fuel cell
technology is an alternative energy source for more
conventional  energy sources employing the combustion
of fossil fuels. A fuel cell typically  produces
electricity, water, and heat from a fuel and oxygen.
More particularly, fuel  cells provide electricity
from chemical oxidation-reduction reactions and
possess  significant advantages over other forms of
power generation in terms of cleanliness is and
efficiency. Typically, fuel cells employ hydrogen as
the fuel and oxygen as the  oxidizing agent. The power
generation is proportional to the consumption rate of
the  reactants. A significant disadvantage which
inhibits the wider use of fuel cells is the lack  20
of a widespread hydrogen infrastructure. Hydrogen has
a relatively low volumetric  energy density and is
more difficult to store and transport than the
hydrocarbon fuels  currently used in most power
generation systems. One way to overcome this
difficulty is the use of "fuel processors" or
"reformers" to convert the hydrocarbons to  a hydrogen
rich gas stream which can be used as a feed for fuel
cells. Hydrocarbon 25 based fuels, such as natural
gas, LPG, gasoline, and diesel, require conversion for
use  as fuel for most fuel cells. Current art uses
multi-step processes combining an initial  conversion
process with several clean-up processes. The initial
process is most often  steam reforming ("SR"),
autothermal reforming ("ATR"), catalytic partial
oxidation  ("CPOX"), or non-catalytic partial
oxidation ("POX"). The clean-up processes are 30
usually comprised of a combination of
desulphurization, high temperature water-gas  shift,
low temperature water-gas shift, selective CO
oxidation, or selective CO  methanation. Alternative
processes include hydrogen selective membrane reactors
and filters. 



1 Thus, many types of fuels can be used, some of them
hybrids with fossil fuels,  but the ideal fuel is
hydrogen. If the fuel is, for instance, hydrogen, then
the combustion  is very clean and, as a practical
matter, only the water is left after the dissipation
and/or  consumption of the heat and the consumption of
the electricity. Most readily available  fuels (e.g.,
natural gas, propane and gasoline) and even the less
common ones (e.g.,  methanol and ethanol) include
hydrogen in their molecular structure. Some fuel cell
implementations therefore employ a "fuel processor"
that processes a particular fuel to  produce a
relatively pure hydrogen stream used to fuel the fuel
cell. A processor for a typical Polymer Electrolyte
Fuel Cell ("PEFC"), also known as  Proton Exchange
Membrane Fuel Cell ("PEMFC"), generally comprises of
reactor  sections for hydrocarbon reforming, water gas
shift and oxidation reactions. The  reactions are
carried at elevated temperatures and are a combination
of heat generating,  heat consuming or constant
temperature variety. Therefore, heat management is
critical  for proper operation of the processor. Cool
reaction feeds can be used to preheat the  reactants,
while cooling the products, thus managing the heat
within the processor. One  difficulty with
conventional cooling subsystems is the dependence
between the reactor  cooling and the temperatures of
the reactor feeds and products. Another problem is
that  the fuel cell power plant, i.e., the fuel cell
and its fuel processor, are frequently housed  in a
cabinet, which causes additional heat management
problems. Conventional  approaches to these problems
applies a separate cabinet cooler. However, the
separate  cabinet coolers adversely impact the power
and cost efficiencies of the power plant as a  whole.
The present invention is directed to resolving, or at
least reducing, one or all of  the problems mentioned
above. SUMMARY OF THE INVENTION A coolant subsystem
for use in a fuel processor and a method for its
operation are  disclosed. The disclosed coolant
subsystem can be separate from the feed to the
processor reactor and is capable of circulating a -2 



coolant through the processor reactor. The disclosed
constituent elements of the fuel  processor are housed
in a cabinet, and the coolant subsystem is capable of
cooling both  the processor reactor and the interior
of the cabinet. In a first aspect, there is provided
an apparatus, comprising: a cabinet; and a  fuel
processor contained in the cabinet, the fuel processor
including: a processor  reactor; a feed to the
processor reactor; and a coolant subsystem capable of
cooling the  processor reactor and the interior of the
cabinet. In a second aspect, there is provided a power
plant, comprising: a cabinet; a  fuel processor
contained in the cabinet, the fuel processor
including: a processor  reactor; a feed to the
processor reactor; and a coolant subsystem capable of
cooling the  processor reactor and the interior of the
cabinet a fuel cell contained in the cabinet and
powered by the reformate generated by the processor
reactor of the fuel processor. In a third aspect,
there is provided a method for cooling a fuel
processor,  comprising: circulating a coolant through
a processor reactor of the fuel processor; and
cooling the circulated fluid through convection, the
convection also circulating heated  air from the
interior of a cabinet for the fuel processor to the
exterior thereby cooling  the processor reactor and
the interior of the cabinet. In a fourth aspect, there
is provided a method for cooling a power plant,
comprising: circulating a coolant through a processor
reactor of a fuel processor; and  cooling the
circulated fluid through convection, the convection
also circulating heated  air from the interior of a
cabinet for the power plant to the exterior thereby
cooling the  processor reactor and the interior of the
cabinet. In a fifth aspect, there is provided an
apparatus, comprising: a cabinet, a fuel  processor
contained in the cabinet, the fuel processor
including: a processor reactor; a  feed to the
processor reactor; and a coolant subsystem capable of
cooling the processor  reactor and the interior of the
cabinet; and a connection to at least one external
user of  the fuel processor. In a sixth aspect, there
is provided a power plant, comprising: a cabinet; a
fuel  processor contained in the cabinet, the fuel
processor including: a processor reactor  generating a
reformate; a feed to the processor reactor; a coolant
subsystem capable of  



cooling the processor reactor and the interior of the
cabinet; and a connection to at least  one external
user of the fuel processor; and a fuel cell powered by
the reformate  generated by the processor reactor of
the fuel processor. 3 BRIEF DESCRIPTION OF THE
DRAWINGS The invention may be understood by reference
to the following description taken  in conjunction
with the accompanying drawings, in which like
reference numerals  identify like elements, and in
which: FIG. 1 conceptually illustrates a fuel
processor constructed and operated in  accordance with
the present invention; FIG. 2 illustrates one
particular embodiment of the fuel processor in FIG. 1;
FIG. 3 depicts one particular implementation of the
coolant subsystem of FIG. 2;  FIG. 4 graphically
illustrates the reforming process of the autothermal
reformer  of the fuel processor first shown in FIG. 2;
FIG. 5 conceptually illustrates an integrated fuel
cell power plant fueled by  the hydrogen gas stream
produced by the fuel processor of FIG. 1; FIG. 6A and
FIG. 6B conceptually illustrate a computing apparatus
as may be  used in the implementation of one
particular embodiment of the present invention; and
FIG. 7 conceptually illustrates the operational
interface between the fuel processor and the fuel cell
of the power plant of FIG. 5. While the invention is
susceptible to various modifications and alternative
forms,  the drawings illustrate specific embodiments
herein described in detail by way of  example. It
should be understood, however, that the description
herein of specific  embodiments is not intended to
limit the invention to the particular forms disclosed,
but  on the contrary, the intention is to cover all
modifications, equivalents, and alternatives  falling
within the spirit and scope of the invention as
defined by the appended claims. -3a WO 2004/090298
PCTIUS2004/009783  DETAILED DESCRIPTION OF THE
INVENTION Illustrative embodiments of the invention
are described below. In the interest  



of clarity, not all features of an actual
implementation are described in this  specification.
It will of course be appreciated that in the
development of any such s actual embodiment, numerous
implementation-specific decisions must be made to
achieve the developers' specific goals, such as
compliance with system-related and  business-related
constraints, which will vary from one implementation
to another.  Moreover, it will be appreciated that
such a development effort, even if complex and
time-consuming, would be a routine undertaking for
those of ordinary skill in the art  io having the
benefit of this disclosure. FIG. 1 conceptually
illustrates a fuel processor 100 constructed in
accordance  with the present invention. The fuel
processor 100 comprises a coolant subsystem  102, a
feed 104, and a processor reactor 106 that produces a
hydrogen (or hydrogen 15 rich) gas stream 108. In
accordance with one aspect of the invention, the
coolant  subsystem 102 is separate from the feed 104
and is capable of circulating a coolant  110 through
the processor reactor 106. The coolant 110 maybe any
suitable coolant  known to the art, e.g., water, a
glycol, an oil, an alcohol, or the like. In accordance
with a second aspect of the present invention, the
constituent elements of the fuel 20 processor 100 are
housed in a cabinet 112, and the coolant subsystem 102
is capable  of cooling both the processor reactor 106
and the interior of the cabinet 112. FIG. 2
conceptually illustrates one particular embodiment 200
of the fuel  processor 100 in FIG. 1. In pertinent
part, and in general, the fuel processor 200  25 pumps
the coolant 110 stored in a coolant storage, or
reservoir, 202 through the coolant subsystem 102,
which comprises a heat exchange loop. In the
illustrated  embodiment, the coolant 110 is water.
More particularly, the pump 204 pumps the  coolant 110
from the reservoir 202 through the processor reactor
106 and a cooler  206, and back into the reservoir
202. The temperature controlled coolant 110 is also,
30 in this particular embodiment, supplied to and
returned from one or more external  users 208 between
the processor reactor 106 and the cooler 118 in the
illustrated  embodiment. The "external users" 208 may
include mechanical systems not  otherwise associated
with the fuel processor 200 or any power plant of
which it may  -4 



WO 2004/090298 PCT/US2004/009783  be associated. For
instance, the fuel processor 200 may power a power
plant for a  building, and the external user 208 in
this situation may be the air  conditioning/heating
mechanical system for the building. s The processor
reactor 106 in the illustrated embodiment comprises
several  stages, including a reformer stage 210a, a
desulphurization stage 210b, a shift stage  210c, an
inert stage 210d, and a preferential oxidizing stage
210e. The reformer stage  210a is an autothermal
reformer ("ATR"), and may be implemented using any
suitable reformer known to the art. Note that
alternative embodiments may employ to other stages in
addition to or in lieu of those illustrated, depending
on the design  constraints imposed by the intended
end-use. In the illustrated embodiment, the coolant
subsystem 102 circulates coolant  individually to the
stages 210b - 210e through a respective one of a
plurality of  is branches 226a - 226d. Each of the
branches 226a - 226d includes a temperature control
unit 228a - 228e. Each temperature control unit 228a -
228d includes a  temperature sensor S; sensing the
temperature in a respective stage 210b - 210e and  an
actuator 230a - 230d. Each actuator 230a - 230d
operates responsive to the sensed  temperature in the
respective stage 210b - 210e to throttle to flow of
coolant 110  20 through the respective branch 226a
-226d. FIG. 3 details one particular implementation of
the cooler 206 in the coolant  subsystem 102 of the
illustrated embodiment. Referring now to both FIG. 2
and FIG.  3, coolant 110 is drawn from an external
water supply 302 (shown in FIG. 3) into the 25
reservoir 202 and circulated by the pump 204. The pump
204 circulates the coolant  110 to various parts of
the processor reactor 106 and subsystems associated
with it  through the feeds DES, SHIFT, INERT, and PROX
(shown in FIG. 3) over the lines  212 - 215. Coolant
110 previously circulated to the processor reactor 106
is returned  to the coolant subsystem 102 through the
feed RETURN (shown in FIG. 3) over the 30 line 218.
Note that the coolant subsystem 102 is separate from
the feed 104 and is  capable of circulating the
coolant 110 through the processor reactor 106. _5_ 



WO 2004/090298 PCT/U82004/009783  Heat exchanged to
the coolant 110 by the processor reactor 106
components is dumped to the environment through the
cooler 206. The cooler 206 in the illustrated
embodiment includes two heat exchangers 304 and a
plurality of fans 306. The fans  306 facilitate the
heat exchange through the heat exchangers 304. Note
that the s number of heat exchangers 304 and fans 306
is not material to the practice of the  invention and
that alternative embodiments may employ, e.g., one or
three heat  exchangers 304 and fans 306. The fans 306
also circulate air from the interior of the  cabinet
112 (shown in FIG. 1) to the exterior of the cabinet
112, i.e., they cool the  interior of the cabinet 112
by circulating the heated air to the environment.
Thus, the io coolant subsystem 102 is capable of
cooling both the processor reactor 106 and the
interior of the cabinet 112 at the same time. The
coolant subsystem 102 of the illustrated embodiment
also can provide  heating and/or cooling to other
parts of the fuel processor 200, or even to systems
is outside the fuel processor 200. As was previously
noted, the fuel processor 200 can provide thermal
control to external users 208, as is shown in FIG. 2.
This  functionality is provided through a connection
220, which comprises an outlet 222  and an inlet 224
through which the coolant 110 may be circulated to and
from the  external users 208. As is shown in FIG. 3,
the coolant subsystem 102 can provide 20 cooling to
other parts of the fuel processor 102 through the
lines 308, 310 and the  feeds L1, L2. Note that the
lines 308, 310 circulate coolant 110 from the
reservoir  211, i.e., cooled coolant 110. Note also
that the flow of coolant 110 through the lines  308,
310 can be controlled not only in a gross sense by
operation of the pump 204, but  also in a finer sense
by the valves 312, 314. 25 In operation, the processor
reactor 106 reforms the feed 104 into the hydrogen,
or hydrogen enriched, gas stream 108 and effluent
byproducts, such as water. The  feed 104 in the
illustrated embodiment conveys a fuel, air, and water
mixture from an  oxidizer (not shown). Note that the
effluent water byproduct (not shown) from the 30
operation of the processor reactor 106 may be
circulated back into the coolant  



subsystem 102 as a coolant 110 or maybe drained from
the fuel processor 200. FIG.  4 depicts a general
process flow diagram illustrating the process steps
included in the  illustrative embodiments of the
present invention. The following description  6 WO
2004/090298 PCT/US2004/009783  associated with FIG. 4
is adapted from United States Patent Application
10/006,963,  entitled "Compact Fuel Processor for
Producing a Hydrogen Rich Gas," filed  December 5,
2001, in the name of the inventors Curtis L. Krause,
et at, and published  July 18, 2002, (Publication No.
US2002/0094310 Al). $ One of ordinary skill in the art
should appreciate that a certain amount of
progressive order is needed in the flow of the
reactants through the processor reactor  106. The fuel
processor 200 feed 104 includes a hydrocarbon fuel,
oxygen, and water  mixture. The oxygen can be in the
form of air, enriched air, or substantially pure to
oxygen. The water can be introduced as a liquid or
vapor. The composition  percentages of the feed
components are determined by the desired operating
conditions, as discussed below. The fuel processor
effluent stream from of the  present invention
includes hydrogen and carbon dioxide and can also
include some  water, unconverted hydrocarbons, carbon
monoxide, impurities (e.g., hydrogen is sulfide and
ammonia) and inert components (e.g., nitrogen and
argon, especially if air  was a component of the feed
stream). Process step A is an autothermal reforming
process in which, in one particular  embodiment, two
reactions, a partial oxidation (formula I, below) and
an optional  20 steam reforming (formula II, below),
are performed to convert the feed stream 104 into a
synthesis gas containing hydrogen and carbon monoxide.
Formulas I and II are  exemplary reaction formulas
wherein methane is considered as the hydrocarbon: CI44
+ %202 -> 2H2 + CO (I)  CH4+H2O->3H2+CO (II) 25 The
feed 104 is received by the processor reactor 106 from
an oxidizer (not shown).  A higher concentration of
oxygen in the feed stream favors partial oxidation
whereas  



a higher concentration of water vapor favors steam
reforming. The ratios of oxygen  to hydrocarbon and
water to hydrocarbon are therefore characterizing
parameters that  affect the operating temperature and
hydrogen yield. 30 The operating temperature of the
autothermal reforming step A can range from  about 550
C to about 900 C, depending on the feed conditions and
the catalyst. The  ratios, temperatures, and feed
conditions are all examples of parameters controlled
by  -7 WO 2004/090298 PCTIUS2004/009783  the control
system of the present invention. The illustrated
embodiment uses a  catalyst bed of a partial oxidation
catalyst in the reformer stage 210a with or without a
steam reforming catalyst. s Process step B is a
cooling step performed in a cooling stage (not shown)
for  cooling the synthesis gas stream from process
step A to a temperature of from about  2000 C to about
600 C, preferably from about 375 C to about 425 C, to
prepare the  temperature of the synthesis gas effluent
for the process step C (discussed below).  This
cooling may be achieved with heat sinks, heat pipes or
heat exchangers 10 depending upon the design
specifications and the need to recover/recycle the
heat  content of the gas stream using any suitable
type of coolant. For instance, the coolant  for
process step B may be the coolant 110 of the coolant
subsystem 102. Process step C is a purifying step,
performed in the desulphurization stage  15 210b, and
employs zinc oxide (ZnO) as a hydrogen sulfide
absorbent. One of the  main impurities of the
hydrocarbon stream is sulfur, which is converted by
the  autothermal reforming step A to hydrogen sulfide.
The processing core used in  process step C preferably
includes zinc oxide and/or other material capable of
absorbing and converting hydrogen sulfide, and may
include a support (e.g., monolith, 20 extrudate,
pellet, etc.). Desulphurization is accomplished by
converting the hydrogen  sulfide to water in
accordance with the following reaction formula III:
H2S+ZnO-;H2O+ZnS (III) The reaction is preferably
carried out at a temperature of from about 300 C to
about  



500 C, and more preferably from about 375 C to about
425 C. 25 Still referring to FIG. 4, the effluent
stream may then be sent to a mixing step  D performed
in module (not shown), in which water received from a
water subsystem  (not shown) is optionally added to
the gas stream. The addition of water lowers the
temperature of the reactant stream as it vaporizes and
supplies more water for the 30 water gas shift
reaction of process step E (discussed below). The
water vapor and  other effluent stream components are
mixed by being passed through a processing  core of
inert materials such as ceramic beads or other similar
materials that effectively  mix and/or assist in the
vaporization of the water. Alternatively, any
additional water  8 WO 2004/090298 PCTIUS2004/009783
can be introduced with feed, and the mixing step can
be repositioned to provide better  mixing of the
oxidant gas in the CO oxidation step G (discussed
below). This  temperature is also controlled by the
control system of the present invention. s Process
step E, performed in the shift stage 210c, is a water
gas shift reaction  that converts carbon monoxide to
carbon dioxide in accordance with formula IV: H2O + CO
- H2 + C02 (IV) The concentration of carbon monoxide
should preferably be lowered to a level that  can be
tolerated by fuel cells, typically below 50 ppm.
Generally, the water gas shift  to reaction can take
place at temperatures of from 150 C to 600 C depending
on the catalyst used. Under such conditions, most of
the carbon monoxide in the gas stream  is converted in
this step. This temperature and concentration are more
parameters  controlled by the control system of the
present invention. is Returning again to FIG. 4,
process step F, performed in the inert stage 210d, is
a cooling step. Process step F reduces the temperature
of the gas stream to produce an  effluent having a
temperature preferably in the range of from about 90 C
to about  150 C. Oxygen from an air subsystem (not
shown) is also added to the process in  step F. The
oxygen is consumed by the reactions of process step G
described below.  20 



Process step G, performed in the preferential
oxidation stage 210e, is an  oxidation step wherein
almost all of the remaining carbon monoxide in the
effluent  stream is converted to carbon dioxide. The
processing is carried out in the presence  of a
catalyst for the oxidation of carbon monoxide. Two
reactions occur in process 25 step G: the desired
oxidation of carbon monoxide (formula V) and the
undesired  oxidation of hydrogen (formula VI) as
follows: CO+'/202- CO2 (V)  H2 + %202 -* H2O (VI) The
preferential oxidation of carbon monoxide is favored
by low temperatures. Since  30 both reactions produce
heat it may be advantageous to optionally include a
cooling  element such as a cooling coil, disposed
within the process. The operating  temperature of
process is preferably kept in the range of from about
90 C to about  _9_ WO 2004/090298 PCT/U82004/009783
150 C. Process step G reduces the carbon monoxide
level to preferably less than 50  ppm, which is a
suitable level for use in fuel cells. The effluent 108
exiting the fuel processor is a hydrogen rich gas
containing  5 carbon dioxide and other constituents
which may be present such as water, inert  components
(e.g., nitrogen, argon), residual hydrocarbon, etc.
Product gas may be  used as the feed for a fuel cell
or for other applications where a hydrogen rich feed
stream is desired. Optionally, product gas may be sent
on to further processing, for  example, to remove the
carbon dioxide, water or other components. i0 Note
that each of the process steps A - G described above
occurs within  specified temperature ranges. The
precise temperatures in the ranges are not material
to the practice of the invention. Indeed, the nature
and order of the steps are  implementation specific
depending on feed 104 input and the product gas stream
108 is for a given application. Thus, the precise
temperatures in the temperature ranges will  be driven
by implementation specific design constraints.
Returning now to FIG. 2 and FIG. 3, the coolant
subsystem 102 is used to  



help achieve the temperatures for the process steps A
- F, whatever they may be in a  20 given embodiment.
Each of the stages 210b - 210e is cooled by a
respective branch 226a - 226d of the coolant subsystem
102. The temperature sensor S; of each  temperature
control unit 228a - 228d senses the temperature within
its respective  stage 210b - 210e. If the temperature
within the respective stage 210b - 210e  approaches or
exceeds the upper bound of the desired temperature
range for the 25 respective process step A - G, the
respective temperature control unit 228a - 228d  opens
the respective actuator 230a - 230d to increase the
flow of coolant 110  therethrough. If the temperature
within the respective stage 210b - 210e approaches  or
exceeds the lower bound of the desired temperature
range for the respective  process step A - G, the
respective temperature control unit 228a - 228d closes
the 3o respective actuator 230a - 230d to decrease the
flow of coolant 110 therethrough. As the temperature
control units 228a - 228d control the temperature
within  their respective stages 210b - 210e, the
coolant 110 is circulated through the cooler  -10 WO
2004/090298 PCT1US2004/009783  206. The heat exchanged
from the stages 210b - 210e is dumped to the
atmosphere.  As was described above, this is
accomplished by the fans 306 blowing air across the
heat exchangers 304. Blowing the air across the heat
exchangers 304 also removes  heated air from the
cabinet 112 to the exterior of the cabinet 112. Thus,
the interior of s the cabinet 112 is cooled as the
coolant subsystem 102 controls the temperatures of
the process steps A - F in the stages 210a - 210e. As
will be appreciated by those in the art having the
benefit of this disclosure,  fuel processor 100 in
FIG. 1 will have additional components not shown. As
should  10 also be appreciated, the fuel processor 100
can be used in a variety of different contexts. FIG. 5
conceptually illustrates a fuel cell power plant 500
in which the  processor reactor ("PR") 106 produces
the hydrogen gas stream 108 to power a fuel  cell 502.
The power plant 500 is an "integrated" power plant,
i.e., the operation of  fuel processor 102 and the
fuel cell 504 are interdependent. The fuel processor
102 1s and fuel cell 504 are both housed in a cabinet
112. The fuel cell 504 is preferably a  



typical Polymer Electrolyte Fuel Cell ("PEFC"), also
known as Proton Exchange  Membrane Fuel Cell
("PEMFC"). However, other types of fuel cells may be
used.  Note that not all aspects of the invention are
limited to application in such an  integrated power
plant. Thus, some embodiments may be employed in a
power plant  20 that is not integrated. In the
embodiment illustrated in FIG. 5, the fuel processor
200 more  particularly comprises several modular
physical subsystems, namely: the processor reactor
106, which is an autothermal reformer ("ATR"),  25
that performs an oxidation-reduction reaction that
reforms a fuel input  to the fuel processor 100 into a
gas 108 for the fuel cell 502; an oxidizer 506, which
is an anode tailgas oxidizer ("ATO") in the
illustrated embodiment, that preheats water, fuel, and
air to create a  fuel mixture delivered as the feed
104 to the processor reactor 106; 30 a fuel subsystem
508, that delivers an input fuel (natural gas, in the
illustrated embodiment) to the oxidizer 506 for mixing
into the feed  104 delivered to the processor reactor
106; -11 WO 2004/090298 PCTIUS2004/009783 a water
subsystem 510, that delivers water to the ATO 206 for
mixing  into the feed 104 delivered to the processor
reactor 106; an air subsystem 512, that delivers air
to the ATO 206 for mixing into  the feed 104 delivered
to the processor reactor 106; and 5 a coolant
subsystem 102, that controls temperatures in the
operation of  the processor reactor 106 in a manner
described above. The power plant 500 also includes the
control system 514 that controls the operation  of the
power plant 500 as a whole. One task executed by the
control system 514 is the  temperature control for the
process of the processor reactor 106 through the,  10
temperature control units 228a - 228d, as described
above. One particular implementation 600 of the
control system 514, first shown in  FIG. 2, is
illustrated in FIG. 6A and FIG. 6B. Note that, in some
embodiments, the  



control system may be implemented on a computing
system comprising a number of 1s computers such as the
control system 514, each of which may control some
designated facet of the operation of the fuel
processor 100. However, in the  illustrated
embodiment, the computing apparatus 600 controls all
aspects of the fuel  processor 100 operation not under
manual control. The computing apparatus 600 is
rack-mounted, but need not be rack-mounted in all
embodiments. Indeed, this aspect 20 of any given
implementations is not material to the practice of the
invention. The  computing apparatus 600 may be
implemented as a desktop personal computer, a
workstation, a notebook or laptop computer, an
embedded processor, or the like. The computing
apparatus 600 illustrated in FIG. 6A and FIG. 6B
includes a  25 processor 605 communicating with
storage 610 over a bus system 615. The storage  610
may include a hard disk and/or random access memory
("RAM") and/or  removable storage such as a floppy
magnetic disk 617 and an optical disk 620. The
storage 610 is encoded with a data structure 625
storing the data set acquired as  discussed above, an
operating system 630, user interface software 635, and
an 30 application 665. The user interface software
635, in conjunction with a display 640,  implements a
user interface 645. The user interface 645 may include
peripheral I/O  devices such as a key pad or keyboard
650, a mouse 655, or a joystick 660. The  processor
605 runs under the control of the operating system
630, which may be  12 WO 2004/090298 PCTIUS2004/009783
practically any operating system known to the art. The
application 665 is invoked by  the operating system
630 upon power up, reset, or both, depending on the
implementation of the operating system 630. 5 Some
portions of the detailed descriptions herein are
consequently presented  in terms of a software
implemented process involving symbolic representations
of  operations on data bits within a memory in a
computing system or a computing  device. These
descriptions and representations are the means used by
those in the art  to most effectively convey the
substance of their work to others skilled in the art.
The io process and operation require physical
manipulations of physical quantities. Usually,  



though not necessarily, these quantities take the form
of electrical, magnetic, or  optical signals capable
of being stored, transferred, combined, compared, and
otherwise manipulated. It has proven convenient at
times, principally for reasons of  common usage, to
refer to these signals as bits, values, elements,
symbols, characters,  is terms, numbers, or the like.
It should be borne in mind, however, that all of these
and similar terms are to  be associated with the
appropriate physical quantities and are merely
convenient  labels applied to these quantifies. Unless
specifically stated or otherwise as may be 20
apparent, throughout the present disclosure, these
descriptions refer to the action and  processes of an
electronic device, that manipulates and transforms
data represented as  physical (electronic, magnetic,
or optical) quantities within some electronic device's
storage into other data similarly represented as
physical quantities within the storage,  or in
transmission or display devices. Exemplary of the
terms denoting such a 25 description are, without
limitation, the terms "processing," "computing,"
"calculating," "determining," "displaying," and the
like. Note also that the software implemented aspects
of the invention are typically  encoded on some form
of program storage medium or implemented over some
type of  30 transmission medium. The program storage
medium may be magnetic (e.g., a floppy disk or a hard
drive) or optical (e.g., a compact disk read only
memory, or "CD  ROM"), and may be read only or random
access. Similarly, the transmission medium  may be
twisted wire pairs, coaxial cable, optical fiber, or
some other suitable  -13 WO 2004/090298
PCT/US2004/009783  transmission medium known to the
art. The invention is not limited by these aspects  of
any given implementation. FIG. 7 graphically
illustrates the operational interface between the fuel
s processor 100 and the fuel cell 504 first shown in
FIG. 5. Note that the interface.  includes a heat
exchanger 700 through which coolant 110 may be
circulated from the  coolant subsystem 102. The heat
exchange is controlled through a temperature  control
unit 702 that throttles the flow of the coolant 110
through the heat exchanger  



700 responsive to the sensed temperature of the stream
108. The temperature control 10 unit 702 is also
controlled by the control system 514 in the same
manner as the  temperature control units 228a - 228d.
Thus, the heat exchanger 700 and the  temperature
control unit 702 comprise, in this particular
embodiment, a portion of the  coolant subsystem 102.
is This concludes the detailed description. The
particular embodiments disclosed  above are
illustrative only, as the invention maybe modified and
practiced in different  but equivalent manners
apparent to those skilled in the art having the
benefit of the  teachings herein. Furthermore, no
limitations are intended to the details of
construction or design herein shown, other than as
described in the claims below. It is 20 therefore
evident that the particular embodiments disclosed
above may be altered or  modified and all such
variations are considered within the scope and spirit
of the  invention. Accordingly, the protection sought
herein is as set forth in the claims  below. -14
CLAIMS  1. An apparatus, comprising: a cabinet; and a
fuel processor contained in the cabinet, the fuel
processor including:  a processor reactor; a feed to
the processor reactor; and a coolant subsystem capable
of cooling the processor reactor and the  interior of
the cabinet. 2. The fuel processor of claim 1, wherein
the processor reactor includes at least:  a first
stage capable of receiving the feed and performing an
autothermal  reaction thereon; a second stage capable
of receiving the feed from the first stage and
removing  the sulfur therefrom; a third stage capable
of receiving the feed from the second stage and
performing a first shift reaction thereon ; 



a fourth stage capable of receiving the feed from the
third stage and  performing a second shift reaction
thereon; and a fifth stage capable of receiving the
feed from the fourth stage and  preferentially
oxidizing the received feed. 3. The fuel processor of
claim 1, wherein the feed to the processor reactor
conveys a fuel,  air, and water mixture. 4. The
apparatus of claim 1, wherein the coolant subsystem is
capable of receiving coolant  circulated from the
processor reactor and exchanging heat therefrom to
cool the processor reactor  and capable of circulating
heat from the interior of the cabinet to the exterior
of the cabinet to cool  the interior of the cabinet.
5. The apparatus of claim 4, wherein the coolant
subsystem comprises:  a heat exchanger; and an air
blower capable of cooling the heat exchanger and the
cabinet interior by  convection. 6. The apparatus of
claim 5, wherein the coolant subsystem further
comprises:  a second heat exchanger; and 15 a second
air blower capable of cooling the heat exchanger and
the cabinet interior by  convection. 7. The apparatus
of claim 4, wherein the coolant comprises at least one
of water, a glycol,  an oil, and an alcohol. 8. The
apparatus of claim 1, wherein the coolant subsystem
includes a cooler capable of  receiving coolant
circulated from the processor reactor and exchanging
heat therefrom and capable  of circulating heat from
the interior of the cabinet to the exterior of the
cabinet. 9. The apparatus of claim 8, wherein the
coolant subsystem further includes:  a coolant storage
capable of storing coolant received from the cooler;
and  a pump capable of pumping the stored coolant to
the process reactor. 10. The apparatus of claim 8,
wherein the cooler comprises:  a heat exchanger; and
an air blower capable of cooling the heat exchanger
and the cabinet interior by  



convection. 11. The apparatus of claim 10, wherein the
cooler further comprises:  a second heat exchanger;
and a second air blower capable of cooling the heat
exchanger and the cabinet  interior by convection. 12.
The apparatus of claim 9, wherein the coolant storage
comprises a tank.  13. The apparatus of claim I,
wherein the coolant subsystem includes: a cooler
capable of receiving coolant circulated from the
processor reactor and  exchanging heat therefrom; a
coolant storage capable of storing coolant received
from the cooler; and  a pump capable of pumping the
stored coolant to the process reactor. 14. The
apparatus of claim 1, further comprising: an oxidizer
capable of heating fuel, water, and air and feeding
the mixture to  the process reactor via the feed; -16
a fuel supply subsystem of providing fuel to the
oxidizer; a water subsystem capable of providing water
to the oxidizer;  an air subsystem capable of
providing air to the oxidizer. 15. The apparatus of
claim 1, further comprising a connection to the fuel
processor at least  one external user. 16. The
apparatus of claim 15, wherein the connection
comprises an outlet and an inlet  through which the
coolant may be circulated. 17. The fuel processor of
claim 1, wherein the coolant subsystem further
comprises  a plurality of temperature control units,
each temperature control unit including:  a
temperature sensor sensing the temperature of the
coolant in a portion of the processor reactor through
which the coolant is circulating; and an actuator
operated responsive to the sensed temperature in the
portion to  throttle to flow of coolant through the
portion. 18. A power plant, comprising:  a cabinet; 



a fuel processor contained in the cabinet, the fuel
processor including:  a processor reactor ; a feed to
the processor reactor; and a coolant subsystem capable
of cooling the processor reactor and the  interior of
the cabinet. a fuel cell contained in the cabinet and
powered by the reformate generated by  the processor
reactor of the fuel processor. 19. The fuel processor
of claim 18, wherein the processor reactor includes at
least:  a first stage capable of receiving the feed
and performing an autothermal  reaction thereon; a
second stage capable of receiving the feed from the
first stage and removing  the sulfur therefrom; a
third stage capable of receiving the feed from the
second stage and performing a first  shift reaction
thereon; -17 a fourth stage capable of receiving the
feed from the third stage and  performing a second
shift reaction thereon; and a fifth stage capable of
receiving the feed from the fourth stage and
preferentially oxidizing the received feed. 20. The
fuel processor of claim 18, wherein the feed to the
processor reactor conveys a fuel,  air, and water
mixture. 21. The power plant of claim 18, wherein the
coolant subsystem is capable of receiving  coolant
circulated from the processor reactor and exchanging
heat therefrom to cool the processor  reactor and
capable of circulating heat from the interior of the
cabinet to the exterior of the cabinet  to cool the
interior of the cabinet. 22. The power plant of claim
21, wherein the coolant subsystem comprises:  a heat
exchanger; and an air blower capable of cooling the
heat exchanger and the cabinet interior by
convection. 23. The power plant of claim 22, wherein
the coolant subsystem further comprises:  



a second heat exchanger ; and a second air blower
capable of cooling the heat exchanger and the cabinet
interior by convection. 24. The power plant of claim
21, wherein the coolant comprises at least one of
water, a  glycol, an oil, and an alcohol. 25. The
power plant of claim 18, wherein the coolant subsystem
includes a cooler capable of  receiving coolant
circulated from the processor reactor and exchanging
heat therefrom and capable  of circulating heat from
the interior of the cabinet to the exterior of the
cabinet. 26. The power plant of claim 25, wherein the
coolant subsystem further includes: a coolant  storage
capable of storing coolant received from the cooler;
and a pump capable of pumping the  stored coolant to
the process reactor. 27. The power plant of claim 25,
wherein the cooler comprises:  -18 a heat exchanger;
and an air blower capable of cooling the heat
exchanger and the cabinet interior by  convection. 28.
The power plant of claim 27, wherein the cooler
further comprises:  a second heat exchanger; and a
second air blower capable of cooling the heat
exchanger and the cabinet interior by  convection. 29.
The power plant of claim 26, wherein the coolant
storage comprises a tank.  30. The power plant of
claim 18, wherein the coolant subsystem includes: a
cooler capable of receiving coolant circulated from
the processor reactor and  exchanging heat therefrom;
a coolant storage capable of storing coolant received
from the cooler; and  a pump capable of pumping the
stored coolant to the process reactor. 31. The power
plant of claim 18, further comprising : an oxidizer
capable of preheating fuel, water, and air and feeding
the mixture to the  process reactor via the feed; a
fuel supply subsystem of providing fuel to the
oxidizer; 



a water subsystem capable of providing water to the
oxidizer ;  an air subsystem capable of providing air
to the oxidizer. 32. The power plant of claim 18,
further comprising a connection to the fuel processor
at least  one external user. 33. The power plant of
claim 32, wherein the connection comprises an outlet
and an inlet  through which the coolant may be
circulated 34. The fuel processor of claim 18, wherein
the coolant subsystem further comprises a  plurality
of temperature control units, each temperature control
unit including: a temperature sensor sensing the
temperature of the coolant in a portion of the  fuel
processor through which the coolant is circulating;
and 19 an actuator operated responsive to the sensed
temperature in the portion to throttle to flow  of
coolant through the portion. 35. The power plant of
claim 18, wherein the fuel cell comprises a polymer
electrolyte fuel  cell. 36. A method for cooling a
fuel processor, comprising: circulating a coolant
through a processor reactor of the fuel processor; and
cooling the circulated fluid through convection, the
convection also circulating heated air  from the
interior of a cabinet for the fuel processor to the
exterior thereby cooling the  processor reactor and
the interior of the cabinet. 37. The method of claim
36, wherein circulating the coolant through the
processor reactor  includes circulating the coolant
through several different portions of the processor
reactor. 38. The method of claim 36, wherein
circulating the coolant through the processor reactor
includes circulating at least one of water, a glycol,
an oil, and an alcohol. 39. The method of claim 36,
wherein circulating the coolant through the processor
reactor  includes circulating the coolant through the
processor reactor separately from a feed to the
processor reactor. 40. The method of claim 36, wherein
cooling the circulating fluid through convection
further  includes: circulating the coolant through a
heat exchanger ; and  



blowing air across the heat exchanger. 41. The method
of claim 40, wherein cooling the circulating fluid
through convection  includes: circulating the coolant
through a second heat exchanger; and  blowing air
across the second heat exchanger. 42. The method of
claim 40, wherein blowing air across the heat
exchanger circulates the  heated air from the interior
of the cabinet to the exterior. 43. A method for
cooling a power plant, comprising:  -20 circulating a
coolant through a processor reactor of a fuel
processor; and cooling the circulated fluid through
convection, the convection also circulating heated air
from the interior of a cabinet for the power plant to
the exterior thereby cooling the  processor reactor
and the interior of the cabinet. 44. The method of
claim 43, wherein circulating the coolant through the
processor reactor  includes circulating the coolant
through several different portions of the processor
reactor. 45. The method of claim 43, wherein
circulating the coolant through the processor reactor
includes circulating at least one of water, a glycol,
an oil, and an alcohol. 46. The method of claim 43,
wherein circulating the coolant through the processor
reactor  includes circulating the coolant through the
processor reactor separately from a feed to the
processor reactor. 47. The method of claim 43, wherein
cooling the circulating fluid through convection
includes : circulating the coolant through a heat
exchanger; and blowing air across the heat exchanger.
48. The method of claim 47, wherein cooling the
circulating fluid through convection further
includes: circulating the coolant through a second
heat exchanger; and  blowing air across the second
heat exchanger. 49. An apparatus, comprising:  a
cabinet a fuel processor contained in the cabinet, the
fuel processor including:  



a processor reactor; a feed to the processor reactor;
and a coolant subsystem capable of cooling the
processor reactor and the interior of  the cabinet;
and a connection to at least one external user of the
fuel processor. 50. The fuel processor of claim 49,
wherein the processor reactor includes at least:  a
first stage capable of receiving the feed and
performing an autothermal r  eaction thereon; -21 a
second stage capable of receiving the feed from the
first stage and removing  the sulfur therefrom; a
third stage capable of receiving the feed from the
second stage and  performing a first shift reaction
thereon; a fourth stage capable of receiving the feed
from the third stage and  performing a second shift
reaction thereon; and a fifth stage capable of
receiving the feed from the fourth stage and
preferentially oxidizing the received feed. 51. The
fuel processor of claim 49, wherein the feed to the
processor reactor conveys a fuel,  air, and water
mixture. 52. The fuel processor of claim 49, wherein
the coolant subsystem includes: a cooler capable of
receiving coolant circulated from the processor
reactor and  exchanging heat therefrom; a coolant
storage capable of storing coolant received from the
cooler ; and  a pump capable of pumping the stored
coolant to the process reactor. 53. The fuel processor
of claim 52, wherein the cooler comprises:  a heat
exchanger; and an air blower capable of cooling the
heat exchanger. 54. The fuel processor of claim 52,
wherein the coolant comprises at least one of water, a
glycol, an oil, and an alcohol. 55. The fuel processor
of claim 52, wherein the coolant storage comprises a
tank.  



56. The fuel processor of claim 49, further
comprising: an oxidizer capable of heating fuel,
water, and air and feeding the mixture to  the process
reactor via the feed; a fuel supply subsystem of
providing fuel to the oxidizer; a water subsystem
capable of providing water to the oxidizer;  an air
subsystem capable of providing air to the oxidizer.
57. The fuel processor of claim 49, wherein the
external user comprises a mechanical system  not
otherwise associated with the fuel processor. -22 58.
The fuel processor of claim 57, wherein the mechanical
system is an air  conditioning/heating mechanical
system. 59. The fuel processor of claim 49, wherein
the connection comprises an outlet and an inlet
through which the coolant may be circulated to an
external user. 60. The fuel processor of claim 49,
further comprising an oxidizer capable of preheating
fuel,  water, and air to generate a process feed
stream introduced to the processor reactor through the
feed. 61. The fuel processor of claim 49, wherein the
coolant subsystem further comprises a  plurality of
temperature control units, each temperature control
unit including: a temperature sensor sensing the
temperature of the coolant in a portion of the
processor reactor through which the coolant is
circulating; and an actuator operated responsive to
the sensed temperature in the portion to  throttle to
flow of coolant through the portion. 62. A power
plant, comprising :  a cabinet; a fuel processor
contained in the cabinet, the fuel processor
including:  a processor reactor generating a reformate
; a feed to the processor reactor; a coolant subsystem
capable of cooling the processor reactor and the
interior of  the cabinet; and a connection to at least
one external user of the fuel processor; and 



a fuel cell powered by the reformate generated by the
processor reactor of the fuel  processor. 63. The
power plant of claim 62, wherein the processor reactor
includes at least: a first stage capable of receiving
the feed and performing an autothermal  reaction
thereon; a second stage capable of receiving the feed
from the first stage and removing  the sulfur
therefrom; a third stage capable of receiving the feed
from the second stage and  performing a first shift
reaction thereon; -23 a fourth stage capable of
receiving the feed from the third stage and
performing a second shift reaction thereon; and a
fifth stage capable of receiving the feed from the
fourth stage and  preferentially oxidizing the
received feed. 64. The power plant of claim 62,
wherein the feed to the processor reactor conveys a
fuel, air,  and water mixture. 65. The power plant of
claim 62, wherein the coolant subsystem includes: a
cooler capable of receiving coolant circulated from
the processor reactor and  exchanging heat therefrom;
a coolant storage capable of storing coolant received
from the cooler; and  a pump capable of pumping the
stored coolant to the process reactor. 66. The power
plant of claim 65, wherein the cooler comprises:  a
heat exchanger; and an air blower capable of cooling
the heat exchanger by convection.  67. The power plant
of claim 66, wherein the cooler further comprises:  a
second heat exchanger ; and a second air blower
capable of cooling the second heat exchanger by
convection. 68. The power plant of claim 65, wherein
the coolant comprises at least one of water, a
glycol, an oil, and an alcohol. 



69. The power plant of claim 65, wherein the coolant
storage comprises a tank.  70. The power plant of
claim 62, further comprising: an oxidizer capable of
preheating fuel, water, and air and feeding the
mixture  to the process reactor via the feed; a fuel
supply subsystem of providing fuel to the oxidizer; a
water subsystem capable of providing water to the
oxidizer;  an air subsystem capable of providing air
to the oxidizer. -24 71. The power plant of claim 62,
wherein the external user comprises a mechanical
system  not otherwise associated with the fuel
processor. 72. The power plant of claim 71, wherein
the mechanical system is an air  conditioning/heating
mechanical system. 73. The power plant of claim 62,
wherein the connection comprises an outlet and an
inlet  through which the coolant maybe circulated. 74.
The power plant of claim 62, wherein the coolant
subsystem further comprises a plurality  of
temperature control units, each temperature control
unit including: a temperature sensor sensing the
temperature of the coolant in a portion of the fuel
processor through which the coolant is circulating;
and an actuator operated responsive to the sensed
temperature in the portion to throttle to flow  of
coolant through the portion. 75. The power plant of
claim 62, wherein the fuel cell comprises a polymer
electrolyte fuel  cell. 25 


