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(57) ABSTRACT 

Interconnection layouts are described that are particularly 
effective in the construction of a steam reformer/fuel cell 
combination for providing domestic heat and/or hot water as 
well as electricity. A distinguishing feature of the intercon 
nections is that they use Strategically placed heat eXchangers 
that permit the operator to optimize the efficiency of opera 
tion of the integrated System, and provide a higher efficiency 
at optimum operation compared to prior art designs. Com 
binations of reformer/fuel cell systems with conventional 
furnaces or boilers are also described. 
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COGENERATION OF POWER AND HEAT BY AN 
INTEGRATED FUEL CELL POWER SYSTEM 

RELATED APPLICATIONS 

0001. This is a continuation-in-part application which 
claims priority of co-pending application Ser. No. 10/141, 
493, filed May 8, 2002, which claims priority of Provisional 
Application No. 60/289,851 filed May 9, 2001, the disclo 
Sures of which are incorporated herein by reference. 

TECHNICAL FIELD 

0002 Generally, the present invention relates to methods 
and apparatus for the cogeneration of power and heat from 
a single System. More particularly, the invention relates to 
the use of a fuel cell Stack and an associated fuel processor 
assembly (i.e., a fuel reforming System) to provide both 
electricity and heating for a particular Site, Such as a building 
or a group of buildings. 

BACKGROUND OF THE INVENTION 

0003) A fuel processor converts a fuel, typically a hydro 
carbon (and including related materials such as alcohols) 
into a mixture of hydrogen (H), carbon dioxide (CO), and 
often other components. The key reaction Steps are disso 
ciating the fuel in the presence of water (as Steam) and heat, 
typically at 700 to 1000 deg. C., into a mixture of carbon 
monoxide (CO) and H; using the “water gas shift” to convert 
the CO into CO and H by reaction with steam; and 
Subsequent cleanup Steps, where required, to remove trace 
materials which would inhibit the fuel cell reaction. The 
resulting hydrogen-containing gas is usually referred to as 
“reformate'. 

0004. The reformate is supplied to the anode of a fuel 
cell, and oxygen or air is Supplied to the cathode. The 
electrodes are Separated by a Semipermeable barrier that 
passes only Selected components of water (typically H+ or 
OH- or O-), while electrons travel through an external 
circuit as an electric current. Various types of fuel cells are 
known. The Systems of the invention are particularly 
adapted to a PEM (polymer electrolyte membrane) type of 
fuel cell, in which the membrane passes only H+ ions. 
Current versions of Such membranes require humidification 
to operate, and are limited to temperatures below about 100 
deg. C. However, many of the attributes of the systems of the 
invention will be applicable to PEM cells operating at higher 
temperatures, or to other low-temperature (for instance, less 
than about 200 deg. C.) fuel cell types. 
0005. It has been proposed that a small fuel cell, option 
ally with a Small reformer if hydrogen is not available, could 
be integrated with a building or a group of buildings to use 
both the electricity and the waste heat of either the fuel cell 
or the reformer to provide Space heating and/or water 
heating, as well as locally generated electricity. This is 
known as cogeneration. Generally, the electricity will be 
used in building(s), or exported to an electric grid, and the 
waste heat of the fuel cell will be used to provide space 
heating and/or hot water. Reformer waste heat is in Some 
cases also considered for heating use. Thus, the "fuel cell 
power System,” or FCPS, comprising a reformer, a fuel cell, 
and ancillary apparatus, “co-generates' both electricity and 
heat for use at a Site. 
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0006 U.S. Pat. No. 5,985,474 to Chen et al. discloses an 
integrated System which includes a fuel cell assembly for 
Supplying electrical power to a building, a furnace having a 
heating chamber and a heat eXchanger for Supplying heat to 
the building, and a reformer for providing a Supply of 
reformate directly to the furnace and the fuel cell assembly. 
0007 U.S. Pat. No. 6,013,385 to DuBose discloses a fuel 
cell gas management System including a cathode humidifi 
cation System for transferring latent and Sensible heat from 
an exhaust Stream to the cathode inlet Stream of the fuel cell; 
an anode humidity retention System for maintaining the total 
enthalpy of the anode Stream exiting the fuel cell equal to the 
total enthalpy of the anode inlet Stream; and a cooling water 
management System having Segregated deionized water and 
cooling water loops interconnected by means of a brazed 
plate heat eXchanger. 
0008 U.S. Pat. No. 6,290,142 to Togawa et al. discloses 
a cogeneration apparatus arranged to properly respond to a 
plurality of Separate demands for Supplying the thermal 
energy. A controller controls the operation of the engine 
generator in response to the conditions of thermal loads and 
determined by the measurements of temperature detected by 
the temperature sensors TS1 and TS2. 
0009 U.S. Pat. No. 5,335,628 to Dunbar discloses a fuel 
cell and a boiler coupled in Such a manner that the water 
used to capture exceSS heat generated by the fuel cell is used 
for boiler feedwater heating. In one embodiment, Steam 
generated by the boiler is used in an operation that converts 
the Steam to condensate, and the condensate is returned to 
the fuel cell for use as a heat Sink for the thermal energy 
generated within the fuel cell unit. 
0010 U.S. Pat. No. 5,969,435 to Wilhelm discloses a DC 
power system which receives AC electrical power and DC 
electrical power from Separate first and Second Sources 
simultaneously. The DC power system delivers DC electri 
cal power to an output for use by a load requiring DC power. 
The DC power system includes a converter to convert AC 
electrical power to DC electrical power and a power Sharing 
control device to control and distribute the DC electrical 
power to an output. 

0011. The present invention distinguishes over prior art 
attempts by providing an efficient and effective cogeneration 
System. In particular, the prior art fails to teach where in the 
process heat is available for reclamation, and how Such heat 
can be used without Significantly decreasing either the 
efficiency or the reliability of a fuel cell/fuel processor 
System. These issues are far from trivial. There are many 
potential Sources of heat in the System, including but not 
limited to the burner or burners, the reformer, the water 
gas-shift reactors, a preferential oxidation (cleanup) reactor, 
the fuel cell Stack, and various heat eXchange fluids which 
may be shared among these components. Such fluids 
include, but are not limited to, water, Steam, air, exhaust, fuel 
and reformate. It is not Self-evident which Sources can be 
used to provide heating value without disturbing the effi 
ciency of the other components or the stability of the 
operating System. Moreover, the various components of the 
System operate at a variety of different temperatures, ranging 
from as high as about 700 to 1000 deg. C. in reforming, (or 
even higher in a burner), down to around 50 deg. C. 
(reformate entering a PEM stack), and even further down to 
around 20 deg. C. (water entering the System). 



US 2005/0175870 A1 

0012. The present inventors have investigated and solved 
these problems by designing, and constructing or Simulat 
ing, various potential cogeneration Systems. Improved inter 
connections and devices for extracting heat from a FCPS 
(fuel processor/fuel cell System) have been discovered 
which allow the FCPS to operate at least as efficiently as 
Similar non-cogeneration Systems. Moreover, the Systems of 
the present invention are typically simple to operate, with a 
tendency to Self-regulate. Additionally, they can recover 
water efficiently and can easily be integrated with a con 
ventional furnace or boiler used for heating. Therefore, the 
present invention is provided to Solve the problems dis 
cussed above and other problems. 

SUMMARY OF THE INVENTION 

0013. It is an aspect of one embodiment of the invention 
to provide a cogeneration System with Separate fluid loops. 
The cogeneration System has a first fluid loop for providing 
Steam to a fuel reforming reaction to produce a hydrogen 
rich reformate. There is a fuel cell Stack for generating 
electricity from the hydrogen-rich reformate and a Second 
fluid loop for controlling the temperature of the fuel cell 
Stack. The System also has a third fluid loop for removing 
heat from at least one of the first and Second loops for use 
in a cogenerative application Such as Space heating and/or 
water heating. In this description, unless otherwise Stated, 
the word “loop” will also include any path in which water 
passes through the System but is not recirculated. Examples 
of a path include but are not limited to the heating of potable 
water, and may also include replacement rather than recy 
cling of condensate from the reformer's burner exhaust. 
0.014. It is also an aspect of one embodiment of the 
invention to provide a cogeneration System with a fuel 
processor assembly. The fuel processor assembly has a 
burner for burning a fuel to Supply energy for a reforming 
reaction to produce a hydrogen-rich reformate and a fuel 
processor exhaust, which is used in a cogenerative applica 
tion to provide Space heat and heat for potable water. The 
System also has a fuel cell Stack for generating electricity 
from the hydrogen-rich reformate and a fuel cell exhaust 
which is used in a cogenerative application to provide Space 
heat and heat for potable water. 

0.015. It is another aspect of one embodiment of the 
invention to provide a cogeneration System having a fuel cell 
Stack for generating electricity from a hydrogen-rich refor 
mate and a fuel cell coolant for cooling the fuel cell Stack. 
At least one of the fuel cell coolant, the hydrogen-rich 
reformate and the fuel cell Stack are in heat eXchange with 
at least one of the fuel cell coolant, the hydrogen-rich 
reformate and the fuel cell Stack to maintain a fixed tem 
perature difference. This reduces mechanical StreSS in the 
fuel cell Stack. 

0016. It is still another aspect of one embodiment of the 
invention to provide a cogeneration System having a fuel cell 
Stack for generating electricity from a hydrogen-rich refor 
mate and a fuel cell coolant for cooling the fuel cell Stack. 
At least one of the fuel cell coolant, the hydrogen-rich 
reformate and the fuel cell Stack are in heat eXchange with 
at least one of the fuel cell coolant, the hydrogen-rich 
reformate and the fuel cell Stack to maintain a difference 
within a Set range of temperatures. This reduces mechanical 
StreSS in the fuel cell Stack. 
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0017. It is yet another aspect of one embodiment of the 
invention to provide a condensing radiator for recovering 
water from an exhaust of a cogeneration System. The con 
densing radiator has a first Zone in which heat is transferred 
to a fluid loop providing Space heating and a Second Zone in 
which heat is transferred to a Supply of potable water. 

0018. It is still another aspect of one embodiment of the 
invention to provide a cogeneration System having a fuel 
processor assembly. The fuel processor assembly has a 
burner for burning a fuel to Supply energy for a reforming 
reaction to produce a hydrogen-rich reformate and a fuel 
processor exhaust which is used in a cogenerative applica 
tion. The System also has a fuel cell Stack for generating 
electricity from the hydrogen-rich reformate. There are a 
plurality of dissociated fluid circulation loops to reduce 
corrosive effects. A first loop provides Steam to a fuel 
reforming reaction to produce a hydrogen-rich reformate. A 
Second loop maintains operable conditions in the fuel cell 
Stack. A third loop removes heat from the cogeneration 
System for use in a cogenerative application, the heat being 
previously extracted from the exhaust of at least one of 
either the fuel processor and the fuel cell. A fuel cell coolant 
circulates in the second fluid loop. This fuel cell coolant is 
in heat eXchange with the hydrogen-rich reformate to equili 
brate temperatures of the fuel cell coolant and the hydrogen 
rich reformate prior to entering the fuel cell Stack in order to 
reduce mechanical StreSS in the fuel cell Stack. 

0019. It is yet another aspect of one embodiment of the 
invention to provide a cogeneration System having a fuel cell 
Stack for generating electricity from the hydrogen-rich refor 
mate. The system has two dissociated and different fluid 
loops to reduce corrosive effects in the cogeneration System. 
The fluid loops are Selected from the group consisting of a 
first fluid loop for providing Steam to a fuel reforming 
reaction to produce a hydrogen-rich reformate, a Second 
fluid loop for maintaining operable conditions in the fuel cell 
Stack, and a third fluid loop for removing heat from the 
cogeneration System for use in cogenerative applications, 
the heat being previously extracted from an exhaust. 

0020. It is still another aspect of one embodiment of the 
invention to provide a cogeneration System comprising a 
first fluid loop for providing Steam to a fuel reforming 
reaction to produce a hydrogen-rich reformate, wherein fluid 
is pumped from a reservoir to each of a first heat eXchanger, 
a fuel processor assembly, a Second heat eXchanger, a third 
fluid recovery heat eXchanger, then returned to the reservoir; 
a Second fluid loop for controlling the temperature of the fuel 
cell stack, wherein fluid is pumped from the third fluid 
recovery heat eXchanger to each of a fourth cogeneration 
heat eXchanger, a fifth reformate cooling heat eXchanger, a 
fuel cell Stack, a Saturator, then returned to the third fluid 
recovery heat eXchanger; a third fluid loop for providing 
Space heating, wherein heat for cogeneration is transferred 
via the third fluid loop from the fourth cogeneration heat 
eXchanger to a radiator, and a fourth fluid loop for heating 
potable water, wherein heat for cogeneration is transferred 
via the fourth fluid loop from the third fluid recovery heat 
eXchanger to potable water. 

0021. It is yet another aspect of one embodiment of the 
invention to provide a cogeneration System having multiple 
fluid loops. There is a first fluid loop for providing steam to 
a fuel reforming reaction to produce a hydrogen-rich refor 
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mate, wherein fluid is pumped from a reservoir to each of a 
first heat eXchanger, a fuel processor assembly, a Second heat 
eXchanger, a third fluid recovery heat eXchanger, then 
returned to the reservoir. There is a second fluid loop for 
controlling the temperature of the fuel cell Stack, wherein 
fluid is pumped from a fourth cogeneration heat eXchanger 
to each of a Saturator, a fuel cell Stack, then returned to the 
fourth cogeneration heat eXchanger. There is a third fluid 
loop for providing Space heating, wherein fluid is pumped 
from the third fluid recovery heat eXchanger to each of a 
fourth cogeneration heat eXchanger, a radiator, a fifth refor 
mate cooling heat eXchanger, then returned to the third fluid 
recovery heat eXchanger. There is also a fourth fluid loop for 
heating potable water, wherein heat for cogeneration is 
transferred via the fourth fluid loop from the third fluid 
recovery heat eXchanger to potable water. 
0022. It is still another aspect of one embodiment of the 
invention to provide a heat eXchange System for the provi 
Sion of electricity and heat from a cogeneration System. A 
first fluid loop provides Steam to a fuel reforming reaction to 
produce a hydrogen-rich reformate and a reformer exhaust. 
There is a fuel cell Stack for generating electricity from the 
hydrogen-rich reformate. A Second fluid loop controls the 
temperature of the fuel cell stack. A third fluid loop removes 
heat from at least one of the fuel reforming reaction and the 
fuel cell Stack for use in a cogenerative application. There is 
a first heat eXchanger between the hydrogen-rich reformate 
and at least one other System fluid and a Second heat 
exchanger between the reformer exhaust and at least one 
other fluid. There is also a third heat exchanger between the 
second fluid loop and the third fluid loop. The system 
produces heat for at least one of hot potable water and Space 
heating. 

0023. It is yet another aspect of one embodiment of the 
invention to provide the Selection of certain heat Sources for 
Supplying heat to a cogeneration System. These heat Sources 
include a heat eXchanger in the cooler portion of the exhaust 
of the burner or burnerS Supplying heat to the reforming 
reaction; a heat eXchanger for cooling the reformate between 
the final preferential oxidation reactor (Pr0X) and the stack; 
and a heat eXchanger for extracting the heat of reaction from 
the fuel cell Stack coolant. 

0024. It is still another aspect of one embodiment of the 
invention to provide heat transfer between the reformer and 
Stack, and Space heating or water heating loops, which is 
substantially or entirely achieved by use of a limited number 
of heat eXchangers. In particular, it is found that three heat 
eXchangers can be Sufficient. Several different interconnec 
tion layouts of circulation through the limited number of 
heat eXchangers are found to be similar in overall efficiency, 
with the choice among them depending on the particular 
details of the System. 
0.025. It is still another aspect of one embodiment of the 
invention to provide connections of the heat transfer loops of 
the System with a conventional furnace. 
0026. It is yet another aspect of one embodiment of the 
invention to provide the relative Sequence of connection of 
loops with one another, and their physical arrangement 
within certain heat eXchangers. In particular, one embodi 
ment is described having a Space heating loop, a water 
heating loop, and a condensing heat eXchanger for the burner 
exhaust. 
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0027. It is yet another aspect of one embodiment of the 
invention to provide a radiator for cooling at least the Stack 
cooling loop when heat generated by the FCPS is in excess 
of that required for cogeneration use. 
0028. These and other aspects and advantages will 
become apparent when the Description below is read in 
conjunction with the accompanying Drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a schematic illustrating the interaction of 
the circulation patterns of one embodiment of the invention 
with a co-operative conventional furnace or boiler; 
0030 FIG. 2 is a schematic illustrating particular heat 
transfer and fluid circulation patterns exemplifying one 
embodiment of the invention; 
0031 FIG. 3 is a schematic illustrating particular heat 
transfer and fluid circulation patterns exemplifying one 
embodiment of the invention; 
0032 FIG. 4 is a schematic illustrating particular heat 
transfer and fluid circulation patterns exemplifying one 
embodiment of the invention; 
0033 FIG. 5 is a schematic illustrating one embodiment 
of the invention including an optional boiler/furnace and an 
optional potable hot water tank, 
0034 FIG. 6 is a schematic illustrating a bypass of the 
space heater for one embodiment of the invention; 
0035 FIG. 7 is a schematic illustrating an option to 
bypass the potable hot water tank for either the FCPS or the 
boiler/furnace for one embodiment of the invention; 
0036 FIG. 8 is a schematic illustrating an option to 
bypass the furnace for one embodiment of the invention; 
0037 FIG. 9 is a schematic illustrating particular heat 
transfer and fluid circulation patterns exemplifying one 
embodiment of the invention; and, 
0038 FIG. 10 is a schematic illustrating particular heat 
transfer and fluid circulation patterns exemplifying one 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0039 While this invention is susceptible of embodiment 
in many different forms, there is shown in the drawings and 
will herein be described in detail preferred embodiments of 
the invention with the understanding that the present dis 
closure is to be considered as an exemplification of the 
principles of the invention and is not intended to limit the 
broad aspect of the invention to the embodiments illustrated. 
0040. In the description below, the fuel processor is 
largely treated as a single unit (the "Fuel Processor ASSem 
bly,” or FPA) even though it contains several chemical 
reactors interlinked by heat eXchange, Steam generation, and 
fuel and air preheating. In particular, any of the three 
principal types of reforming reaction (partial oxidation, 
autothermal reforming, and Steam reforming) may be used. 
The FPA will preferably have at least one burner, for one or 
more of combustion of hydrogen returned from the fuel cell; 
to drive the reforming reaction, or otherwise to recover its 
heat value; and to prevent emission of possibly hazardous 
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materials into the atmosphere. If more than one burner is 
present, their outputs typically are Substantially the same for 
the purposes of the invention. Some of these heat eXchanges 
are represented schematically by HX1 and HX2 in the 
figures below. HX1 is typically a Steam generator operating 
on the heat of the hotter regions of the burner exhaust duct. 
HX2 represents the use of other heat sources to initially or 
Subsequently heat water into Steam for use in the reforming 
reaction. Either of these sources, or the terminal PrOX 
reactor, may also Supplement the principal heat eXchange 
reactions described below. At another level of abstraction, 
the FPA and the stack can be joined together when consid 
ering their cooperation with an auxiliary furnace or boiler 
(herein, both auxiliary furnace and boiler are covered by the 
word “furnace”.) 
0041 AS drawn, the figures show the main elements 
enclosed in boxes, omitting excessive detail-e.g., control 
Valves, air and fuel flow, water Separators, pumps, compres 
Sors, preSSure regulators, minor water returns, etc.-in order 
to focus on the primary heat eXchange interconnections and 
System configurations to achieve more effective and more 
efficient cogeneration. Provision of these necessary items is 
required for operation of the System, but is not for under 
Standing the invention. Several embodiments of the inven 
tion will now be described to show some ways in which the 
invention can be implemented. 
0.042 Referring to FIG. 1, a schematic illustrating the 
interaction of the circulation patterns of one embodiment of 
the invention is shown. Fluids are pumped by pumps 30 and 
31 using conventional pumping methods in the embodiment 
of the cogeneration System 10. The fluids are pumped 
through the FCPS 14 and the furnace 26 to both a hot water 
tank 22 and a space heater 18, then returned to the FCPS 14 
and the furnace 26. 

0043 Referring to FIGS. 2 thru 4, embodiments of a 
cogeneration System 10 of the present invention are illus 
trated. In each cogeneration System 10, there is a fuel cell 
Stack 40 for generating electricity from a hydrogen-rich 
reformate and a fuel cell exhaust which may be used in a 
cogenerative application to provide Space heat and/or heat 
for potable water. 
0044 AS can be seen in FIGS. 2 thru 4, the cogeneration 
System may have a plurality of dissociated fluid loops. This 
helps to minimize corrosive effects. The first fluid loop may 
provide Steam to a fuel reforming reaction to produce a 
hydrogen-rich reformate. A Second fluid loop may circulate 
a fuel cell coolant to control the temperature of the fuel cell 
stack 40. The system 10 may also have a third fluid loop for 
removing heat from at least one of the first and Second loops 
for use in a cogenerative application, Such as Space heating 
and/or water heating. In this description, unless otherwise 
stated, the term “loop” will also include any path in which 
fluid passes through the System but is not recirculated. 
Examples of Such a path include, but are not limited to, the 
heating of potable water, and may also include replacement 
rather than recycling of condensate from the reformer's 
burner exhaust. 

0.045 Referring to FIG. 2, there is shown a loop to 
provide reformate to the stack. The reformate is transferred 
from the FPA 34, to each of a preferential oxidation reactor 
(Prox) 36 to remove carbon monoxide from the reformate, 
a heat exchanger 38, a fuel cell stack 40, then back to the 
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FPA34. A previous cooling of the reformate before entering 
the PrOx36 may have occurred to reduce the partial pressure 
of water, or the heat eXchanger 38 may be a condensing heat 
eXchanger. The cooled reformate then enters the fuel cell 
stack (stack) 40, where most, but typically not all, of the 
hydrogen is used. Leftover reformate ("anode exhaust”), 
typically containing water at near-Saturating concentration, 
leaves the stack 40 and is returned to the burner in the FPA 
34. The fuel cell stack anode exhaust, which contains 
residual hydrogen, is burned with air or oxygen, often 
partially supplied by the cathode exhaust of the fuel cell 
stack 40, to provide heat to the reformer 34. 

0046) There is also shown in FIG. 2 a first fluid loop for 
providing Steam to a fuel reforming reaction to produce a 
hydrogen-rich reformate. In the first fluid loop, fluid is 
pumped from a reservoir 46 to each of a first heat eXchanger 
48, a fuel processor assembly 34, a Second heat eXchanger 
42, a third fluid recovery heat eXchanger 44, then returned to 
the reservoir 46. Heat is then captured from the partially 
cooled burner exhaust at a first heat eXchanger 42, and is 
typically used for Steam generation or other heating within 
the reformer. The burner exhaust then enters a condensing 
heat exchanger 44. The heat exchanger 44 transfers both 
latent and Sensible heat to other process Streams, and thereby 
recovers water from the exhaust. The water enters a water 
reservoir 46, from which it is Sent to other heat eXchangers 
42 and 48 to be converted to stream for the reforming 
reaction, thereby completing the loop. In this example, and 
those to follow, recovery of water is illustrated. It is not 
necessary in a Stationary System that water be completely 
recycled, Since it typically can be replenished, but the latent 
heat of evaporated water is potentially useful as a Source of 
heat. Some or all of the recovered water may be discarded, 
and replaced by fresh water, to prevent buildup of water 
borne impurities in the reformer 34. 

0047 There is also shown a second fluid loop for con 
trolling the temperature of the fuel cell stack 40. In the 
second fluid loop, fluid is pumped from the third fluid 
recovery heat exchanger (HX3) 44 to each of a fourth 
cogeneration heat exchanger (HX4) 50, a fifth reformate 
cooling heat exchanger (HX5)38, a fuel cell stack 40, a 
saturator 52, then returned to the third fluid recovery heat 
eXchanger 44. The fuel cell coolant, also called the Stack 
coolant, is typically, but is not limited to, deionized water or 
another dielectric fluid, and may include antifreeze mixtures 
or other components to minimize corrosion. The Stack 
coolant removes heat generated in the Stack 40 by the 
reaction of hydrogen and oxygen. This heat is a Substantial 
fraction of the recoverable low temperature heat generated 
by the FCPS. The stack coolant, after leaving the stack 40 
(which typically operates at about 70 deg. C. in this 
example) at about 68 deg. C., enters a saturator (SAT) 52. 
The saturator 52 is used to provide moisture to the air 
entering the Stack 40 for reaction, and to control the airs 
temperature. Heat eXchange between the Stack coolant and 
the air may be either direct or indirect. In the direct mode, 
the air is directly contacted with Stack coolant (preferably 
water in this case), becoming both warmer and properly 
humidified in one step. The indirect mode, used when the 
coolant is not entirely water, uses the coolant passing 
through a heat eXchanger to heat water, which in turn is used 
to humidify and to warm the air. 
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0.048. After leaving the saturator 52, the stack coolant, 
now at about 63-66 deg. C., flows to the condensing heat 
eXchanger 44 and acquires heat from the exhaust. A radiator 
54 may be included in the stack coolant loop, for use when 
the Stack coolant heat is not required for heating, and must 
instead be rejected. Such a radiator 54 can be at any of 
several points, such as between the Saturator 52 and HX344, 
or between HX344 and HX 538, for example at or near the 
connection to the cogeneration loop at HX450, or as a full 
or partial bypass of HX450. 

0049. The stack coolant then flows from HX344 to 
HX450, where it transfers heat to “cogeneration fluid” from 
the Space heating System. The cogeneration fluid may be 
water, an antifreeze mixture, or otherwise as required by the 
heating System of the building. The coolant and the cogen 
eration fluid equilibrate in temperature, typically (with a 
PEM fuel cell stack) in the range of about 55 to 60 deg. C. 
The stack coolant now enters HX538 to cool the reformate, 
and to itself be warmed up towards Stack temperature. In an 
alternative embodiment, not illustrated, the Stack coolant 
path is from HX344 to reformate cooler HX538, and then to 
co-generation exchanger HX450 before returning to the 
Stack 40. In any of these embodiments, it may be necessary 
to provide a condensing heat eXchanger before entry of the 
reformate into the Stack 40, because in many cases water 
will condense from the reformate on cooling. This function 
may be incorporated into HX538. 

0050. In the direct exchange in the saturator, in which 
water is transferred from the Stack coolant to the incoming 
Stack air, makeup water must be Supplied to the Stack coolant 
loop. The makeup line (not illustrated) can be Supplied by 
either condensate from the reformate loop reservoir 46 
preferred, or by makeup water from an outside Supply. In 
either case, the makeup water will typically pass through a 
deionizer. 

0051. There is also shown a third fluid loop for providing 
Space heating. Heat for cogeneration may be transferred via 
the third fluid loop from the fourth cogeneration heat 
exchanger 50 to a radiator 18 providing space heat. The 
cogeneration fluid leaves HX450 at a temperature in the 
range of 60-65 deg. C. and transferS this heat to the building, 
as described in more detail below. The fluid typically returns 
to the heat exchanger 50 at about 45 to 55 deg. C. Optionally, 
potable hot water can be made, or at least preheated, by 
passing potable water through the cooler region of condens 
ing heat exchanger HX344. Domestic potable hot water is 
typically required at temperatures of about 40 to 55 deg. C. 
Potable water may instead or in addition be heated by the 
cogeneration loop, as described below. 

0.052 The embodiment of FIG.2 has several advantages. 
First, the Stack coolant and the reformate are equilibrated 
before entering the stack 40. While a temperature difference 
between these Streams is typically present, the relative 
temperatures of the Streams are similar under various opera 
tion temperatures. Likewise, the air entering the Stack 40 is 
equilibrated with the Stack coolant. Thus, the temperatures 
of fluids entering the Stack 40 are correlated and change 
little, thereby minimizing thermal StreSS on the Stack when 
operating conditions change. The construction is Such that 
this effect can often be obtained without requiring an inde 
pendent or Specific controller. Secondly, the portions of the 
System required for cogeneration are exterior to the FPA 34, 

Aug. 11, 2005 

and thus more accessible for repair or Service. Thirdly, in the 
warmup stage, when the reformate is typically too rich in 
CO and is diverted back to the burner before entering the 
stack 40, the warmth of the reformate can be captured in 
HX344 and HX538 and used to warm the Stack 40 to 
operating temperature, by circulation of Stack coolant during 
the warmup phase. In these layouts, and those described 
below, the number of pumps is minimized; typically, one is 
required per loop, if the fluid in the loops is kept Separate. 
Such separation will normally be done, because the require 
ments of each of the subsystems is different. The stack 
cooling water requires deionized water or another Suitable 
dielectric fluid, and hence either plastic or StainleSS Steel heat 
eXchangers are preferred. The Space heating/cogeneration 
loop Seldom requires deionized water, but may contain 
glycols as antifreeze and corrosion inhibitors. The water in 
the reformer/burner “loop” is preferably kept as a distinct 
pool, because it is largely converted into hydrogen and CO 
in the reformer 34, while water to replace it is recovered 
from the burner exhaust and elsewhere in the System, for 
example as condensate from the reformate or the fuel cell 
exhausts. Although not illustrated, recovered water is usu 
ally purified, for example by filtration and ion eXchange, 
before reentering the cycle. 
0053) Referring to FIG. 3, there is shown an alternative 
embodiment. The reformate/condensate loop is the Same. 
The cogeneration loop is also the Same. The Stack coolant 
loop is again used to link the three heat eXchanges HX344, 
HX450 and HX538. The order is now different, with the 
coolant interacting with HX538 and with HX344 to acquire 
heat before transferring heat to the cogeneration loop at 
HX450. The advantage of this arrangement is that heat can 
be removed from both HX538 and HX344 for transfer at 
HX450. Moreover, the reformate entering the stack 40 is 
typically closer to the temperature of the stack 40 than in the 
previous design, and a condenser to remove water from the 
reformate may not be required. Correlations among the 
temperatures of materials entering the Stack are typically 
similar to the embodiment shown in FIG. 2, except that the 
direct return of the stack coolant from equilibration with the 
cogeneration fluid at HX450 will be at about 55 to 60 deg. 
C., Significantly cooler than the Stack temperature. AS in 
FIG. 2, an optional radiator 54 for removing heat from the 
Stack coolant is shown, here operating as a full or partial 
bypass around HX450, but with the same range of options 
as above. 

0054 Referring to FIG. 4, there is shown a first fluid loop 
for providing Steam to a fuel reforming reaction to produce 
a hydrogen-rich reformate. In the first fluid loop, fluid is 
pumped from a reservoir 46 to each of a first heat eXchanger 
48, a fuel processor assembly 34, a Second heat eXchanger 
42, a third fluid recovery heat eXchanger 44, then returned to 
the reservoir 46. Also shown is a second fluid loop for 
controlling the temperature of the fuel cell stack 40. In the 
Second fluid loop, fluid is pumped from a fourth cogenera 
tion heat exchanger 50 to each of a saturator 52, a fuel cell 
Stack 40, then returned to the fourth cogeneration heat 
exchanger 50. A third fluid loop is also shown for providing 
Space heating. In the third fluid loop as shown, fluid is 
pumped from the third fluid recovery heat exchanger 44 to 
each of a fourth cogeneration heat eXchanger 50, a radiator 
18 for providing Space heat, a fifth reformate cooling heat 
exchanger 38, then returned to the third fluid recovery heat 
eXchanger 44. A fourth fluid loop for heating potable water 



US 2005/0175870 A1 

is also shown. Heat for cogeneration may be transferred via 
the fourth fluid loop from the third fluid recovery heat 
eXchanger 44 to heat potable water. Also shown is a loop to 
provide reformate to the stack. The reformate is transferred 
from the FPA 34, to each of a PrOX 36 to remove carbon 
monoxide from the reformate, a heat eXchanger 38, a fuel 
cell stack 40, then back to the FPA 34. 

0055 Basically, the embodiment shown in FIG. 4 has the 
cogeneration loop (rather than the Stack coolant) running 
through all three of the heat exchangers HX344, HX450 and 
HX538. The stack coolant loop only exchanges heat with the 
cogeneration System at HX450. The returning cogeneration 
loop fluid, typically at 45-55 deg. C., first cools the refor 
mate in HX538, with both fluids leaving HX538 at about the 
55-60 deg. C. range. This will often produce condensation in 
HX538, which is normally a benefit by preventing conden 
sation in the Stack 40. The cogeneration loop then extracts 
heat from the burner exhaust in HX344, typically being 
warmed to the 60-65 deg. C. range. Finally, the cogeneration 
fluid is warmed to about 65-68 deg. C. in HX450 by 
eXchange with the Stack coolant just after the coolant leaves 
the stack 40. This warmed fluid is then used for space 
heating and water heating, and returns cooled to repeat the 
cycle. This embodiment is typically the most efficient at 
extraction of heat from the FPA 34 and stack 40 system 
(FCPS). Another advantage is that only HX450 needs to be 
compatible with deionized water, which broadens the range 
of materials Suitable for HX344 and HX538. A radiator 54 
for use when Space heating is not in use is again optionally 
provided in the Stack cooling loop, with the above options 
for placement. One disadvantage to this embodiment is the 
lack of cooling of the reformate at HX538 when space 
heating is not occurring. Remedies for this may include, but 
are not limited to, an auxiliary line for circulation of Stack 
coolant into HX538 for use when space heating is not 
occurring. Another way to cool HX538 is by using it to 
preheat water from the reservoir 46 as part of the process of 
making steam for the reformer 34. 

0056. In some installations, the power electronics, used to 
convert the variable DC voltage from the stack 40 into 
constant-voltage DC or AC power, can also be a significant 
Source of heat. In Such a situation, there could be an 
additional heat eXchanger in any of the above embodiments 
to extract this additional heat. 

0057. In the embodiments of FIG. 6, an optional pre 
heating step for potable hot water in HX344 is illustrated. To 
preserve potability, the hot water heating path is distinct 
from the three loops shown, and in most installations is a 
fourth fluid loop. Because water Supplies are typically at 
moderate pressure, a pump is generally not required in this 
loop. 

0058. In each of the cogeneration systems 10 of FIGS. 2 
thru 4, a fuel processor assembly 34 is shown whereinsteam 
for reforming is supplied to the reformer by the first fluid 
loop. The fuel processor assembly 34 preferably has a burner 
to Supply energy for a reforming reaction to produce the 
hydrogen-rich reformate, and a fuel processor exhaust from 
which heat is captured for transfer to a cogenerative use Such 
as providing Space heat or heating potable water. The 
exhaust from the fuel processor assembly 34 may be used in 
a cogenerative application. For example, the fuel processor 
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exhaust may be in a heat eXchange relationship with any of 
the fluid loops and/or the air entering the fuel processor 
assembly 34. 
0059. These cogeneration system 10 also have a fuel cell 
coolant circulating in the Stack coolant loop, wherein the 
fuel cell coolant and the hydrogen-rich reformate are in 
indirect heat exchange via the cogen loop at HX538 to 
maintain a fixed temperature difference between the two 
mediums. Optionally, rather than a fixed temperature differ 
ence, the heat exchange at HX450 may be used to maintain 
a difference within a Set range of temperatures between the 
fuel cell coolant and the hydrogen-rich reformate (see FIG. 
4). This temperature modification helps to reduce mechani 
cal stress in the fuel cell stack 40. The fixed temperature 
difference or difference within a Set range of temperatures 
may be achieved either before, during, or after the fuel cell 
coolant and the hydrogen-rich reformate enter the fuel cell 
stack 40, but preferably before. Other options include any 
one or all of the fuel cell coolant, the hydrogen-rich refor 
mate and the fuel cell Stack 40 being in heat eXchange with 
another one or all of the fuel cell coolant, the hydrogen-rich 
reformate and the fuel cell stack 40 to maintain the fixed 
temperature difference or the difference within a Set range of 
temperatures noted above. Again, this helps reduce mechani 
cal stress in the fuel cell stack 40. The fixed temperature 
difference may be as much as about 5 C. 
0060. In another embodiment, shown in FIG. 2, it is also 
contemplated that the fluid loop for circulating the fuel cell 
coolant to maintain operable conditions in the fuel cell Stack 
40 may be in a heat exchange relationship with and humidify 
the air entering the fuel cell stack 40. 
0061 Any of the embodiments of the cogeneration sys 
tem 10 shown in FIGS. 1 thru 8 may optionally include a 
local control area network for controlling the distribution of 
heat for use in cogenerative applications according to indi 
vidual dwelling usage. Likewise, the cogeneration System 10 
may also optionally include a wide control area network for 
controlling the distribution of heat for use in cogenerative 
applications according to multiple dwelling usage. 

0062. As illustrated in FIGS. 2 thru 4, the cogeneration 
system 10 may have a fourth fluid loop for the heating of 
potable water, in which case the third fluid loop may carry 
a fluid for providing space heating. It is contemplated that 
heat may be extracted by the third fluid loop from at least 
one Source in addition to the exhaust. The additional heat 
Source may be, but is not limited to, the hydrogen-rich 
reformate, a reformer 34, power electronics, a furnace, or a 
boiler. 

0063 As shown in FIGS. 2 thru 4, the cogeneration 
System 10 may optionally include a means for cooling the 
Stack coolant loop. The means for cooling may be any 
conventional cooling means, including, but not limited to, a 
radiator 54 or any two fluid heat eXchange System to move 
the heat to a location in the System where it may be used 
(e.g., low-grade process heating). There may also be a 
controller to selectively activate the radiator 54 when space 
heating is not being provided by the System. Any of the loops 
in the cogeneration System may be cooled in this fashion, if 
desired. Optionally, a condensing radiator may be used to 
cool any of the System fluid loops, while additionally 
recovering water from the cogeneration System exhaust. In 
Such a configuration, heat could be released from the exhaust 
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into one or both of the fourth fluid loop and the second fluid 
loop, with the Second fluid loop in a heat eXchange rela 
tionship with the third fluid loop to recover and utilize heat 
extracted from the cogeneration System 10 in a cogenerative 
application. The optional condensing radiator may have two 
Zones: a first Zone in which heat is transferred to a fluid loop 
providing Space heating and a Second Zone in which heat is 
transferred to a Supply of, for example, potable water. There 
may also be optional heat transfer coils over which the water 
condensed from the exhaust may flow. Then, the water may 
be collected for return to the cogeneration system 10. 
0064. In practice, there is usually imbalance between the 
need for electricity and the need for Space heating. In warm 
weather, Space heating is often not needed, and the heat 
generated in electricity production can be more than Suffi 
cient to heat potable water. For this situation, provision of a 
radiator 54 in the stack coolant loop is preferred. In cold 
weather, the heat demands of Space heating can exceed the 
supply of energy available from the fuel cell stack 40 plus 
the fuel processor assembly 34 (collectively, the Fuel Cell 
Power System, or FCPS). In principle, the fuel processor 34 
could be oversized So that it can also provide energy for 
Space heating. In practice, it will usually be more cost 
effective to provide a conventional furnace or boiler 26 to 
directly heat the Space heating loop, and to arrange for the 
heat required for Space heating to be Supplied by either or 
both of the FCPS and the furnace. 

0065. The optional furnace, shown in FIGS. 5 and 7, 
may provide heat for at least one of Space heating and 
potable water heating. There may also be a controller for 
providing Sufficient heat for at least one of Space heating and 
potable water heating by Selectively activating at least one of 
the furnace 26 and the FCPS 14. The furnace 26 may also 
optionally be used to provide Supplemental heat to the third 
fluid loop for use in one or more of Space heating, potable 
water heating, and provision of Startup heating to the cogen 
eration system 10. The optional furnace 26 may be con 
nected with the third fluid loop. This connection may be 
either in parallel or in Series. 
0.066 FIGS. 5 and 7 also show an optional potable hot 
water tank 22. The potable hot water may derive heat from 
the FCPS 14, the optional furnace 26, or it may be heated by 
the hot water heater 22, itself, using any conventional 
heating means. 
0067. As shown in FIG. 6, the space heater 18 may be 
optionally bypassed using valves V1 and V2. In bypass 
mode, the heat that would have been used as Space heat 
would then be used in either one or both of the FCPS 14 and 
the optional furnace 26, depending on which of the valves, 
V1 and V2, are in the open position, as shown in FIG. 5. 
0068. As shown in FIG. 7, the potable hot water tank 22 
may be optionally bypassed using valves V4 and V5. In 
bypass mode, the heat that would have been used to heat 
potable water would then be used in either one or both of the 
FCPS 14 and the space heater 18, depending on which of the 
valves, V2 and V3, are in the open position. 
0069. The optional furnace 26 may also be bypassed, as 
shown in FIG. 8. The heat from the FCPS 14 would then be 
used by the Space heater 18 to Supply heat to a building, 
without Supplemental heat from the furnace 26. This can be 
controlled by the user so that the desired level of space 
heating is achieved throughout the year. 
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0070. It is also contemplated, as shown in FIGS. 2 thru 4, 
that the invention may have a heat eXchange System for the 
provision of electricity and heat from the cogeneration 
System 10. Such a heat eXchange System could have a fuel 
cell Stack 40 for generating electricity from the hydrogen 
rich reformate. The heat eXchange System could also have a 
plurality of dissociated fluid loops, Such that there is a first 
fluid loop for providing Steam to a fuel reforming reaction to 
produce a hydrogen-rich reformate and a reformer exhaust, 
a Second fluid loop for controlling the temperature of the fuel 
cell stack 40, and a third fluid loop for removing heat from 
at least one of the fuel reforming reaction and the fuel cell 
Stack 40 for use in a cogenerative application. The heat 
eXchange System could also have a plurality of heat 
eXchangers which transfer heat among the dissociated fluid 
loops. There could be a first heat exchanger 38 between the 
hydrogen-rich reformate and at least one other System fluid, 
a Second heat eXchanger 44 between the reformer exhaust 
and at least one other fluid, and a third heat exchanger 50 
between the second fluid loop and the third fluid loop. This 
heat eXchange System may produce heat for one or both of 
heating potable water and providing Space heating. 

0071. As shown in FIGS. 2 thru 4, it is contemplated that 
the heat eXchange System may include a means for cooling 
the second fluid loop. There could also be a controller for 
Selectively activating the means for cooling the Second fluid 
loop when Space heating is not being provided by the 
cogeneration System 10. The optional means for cooling 
could be any conventional cooling means, including, but not 
limited to, a radiator 54. There may also be a fourth fluid 
loop in a heat eXchange relationship with at least one of the 
first fluid loop and the Second fluid loop for the preheating 
of potable hot water. The optional fourth heat eXchanger 
may also be used to transfer heat among the reformer 
exhaust, the Second fluid loop and at least one other fluid. An 
additional heat eXchange loop could also be placed within 
any or all of the System heat eXchangers. 

0072 Optionally, one or more of the heat exchangers may 
be condensing heat eXchangers for removal of water from a 
gas. The gas may be reformate, reformer exhaust, or any 
other gas found in the cogeneration System 10. The optional 
condensing heat eXchanger may be used to transfer heat 
from at least one of the second fluid loop and the third fluid 
loop to heat potable water. The heat eXchange System may 
also include a hot water tank for Storing hot potable water. 

0073. It is also contemplated, as shown in FIG. 5, that the 
heat eXchange System may have an optional furnace 26 for 
providing heat for any or all of Space heating, potable water 
heating, and provision of Startup heating for the cogenera 
tion system 10. The optional furnace 26 may also be used to 
provide Supplemental heat to the third fluid loop for use in 
any or all of Space heating, potable water heating, and 
provision of Startup heating for the cogeneration System 10. 
The optional furnace 26 may be connected in parallel with 
the third fluid loop or in series with the third fluid loop. The 
optional furnace 26 may also be regulated by a controller. 
The optional controller could be used to provide sufficient 
heat for either one or both of Space heating and potable water 
heating by Selectively activating any or all of the furnace 26 
and the FCPS 14. The heat exchange system may optionally 
include a means for using unheated external water, for 
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example, cool reservoir 56, for replenishing water in any or 
all of the fluid loops. This external water could come from 
any type of water reservoir. 
0074. It is noteworthy that the flow of fluids in any of the 
heat eXchangers may be either co-current or counter current. 
In HX450, in the embodiments shown, the co-current mode 
is preferred, So that both the cogeneration loop and the Stack 
coolant loop leave the heat eXchanger 50 at Similar tem 
peratures near 60 deg. C. If a condensing heat eXchanger is 
used as HX344, particularly in the embodiment of FIG. 4, 
it is also preferably run in co-current mode, in the Sense that 
cooler Streams are introduced at the top and flow downwards 
and out, to maximize heat and water recovery. Countercur 
rent flow is somewhat preferred in HX5, but not necessary. 
0075). In addition to the embodiments of FIGS. 2 thru 4, 
other arrangements of the heat eXchangers and fluid paths 
are contemplated within the scope of the invention. In FIG. 
9, which is generally similar to FIG. 2, the stack coolant first 
cools the reformate in HX538, and then acquires more heat 
from HX344 before entering HX450 to deliver heat to a 
cogeneration loop connecting to a Space heating assembly 
18. Optionally, the stack coolant loop can be further cooled 
in a radiator 54, but Some Systems will not require a separate 
radiator 54 to cool the stack coolant. The Saturator 52, which 
eXchanges heat between the Stack coolant and the cathode 
air, which is being Saturated with water before entering the 
Stack 40, may not be required depending on how the cathode 
air humidity is provided. Because Some Systems do not 
require a reformate cooling heat eXchanger HX538, or can 
more effectively cool the reformate with other fluids, the 
stack coolant may instead flow directly to HX344 and then 
through cogeneration HX450. 
0076 Another option is shown in FIG. 10. Superficially, 
the flow pattern is similar to FIG. 9, except that the stack 
coolant leaves condensing HX344 and returns directly to the 
stack 40, while the cogeneration HX450 has direct connec 
tions with HX344 and with the space heat assembly 18. For 
example, HX450 can be a tank with a forced fluid flow 
through HX344 to absorb heat, then flow out and return to 
convey the heated water, water/glycol fluid, or other heat 
transfer media Such as mineral oil to a location where heat 
is needed. In both FIGS. 9 and 10, and in FIGS. 2, 3 and 
4, as well, the creation of hot potable water is not restricted 
to occurring in condensing HX344, but could instead be 
accomplished in any other location in the System having 
suitable temperatures, including HX450, HX 142 and/or 
HX248, or the space heater assembly 18. 

0077. In some cases, the humidification of the cathode 
and the removal of heat from the stack 40 are accomplished 
Simultaneously by direct injection of cooling water into the 
cathode compartments of the Stack. Such direct injection 
systems are described in WO 00/63992, “Fuel Cell With 
Cooling System Based On Direct Injection Of Liquid Water” 
and in WO 03/107465, “Fuel Cell With Evaporative Cooling 
and Humidification,” which are both hereby incorporated by 
reference. 

0078 When a direct water injection stack coolant is used 
in the layout of FIG. 10, the stack coolant is injected into the 
cathode air stream (not shown) inside the stack 40. The 
coolant-normally purified and deionized water-evapo 
rates in the cathode air, Saturating it and absorbing heat from 
the stack 40. Consequently, in this embodiment the cathode 
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air will generally not require a separate Saturator 52. The 
Stack coolant/cathode air Stream leaves the Stack 40 and may 
optionally cool the reformate in HX538 before traveling 
directly to the condensing heat exchanger HX344. In a 
preferred embodiment, the Stack coolant is not circulated 
through HX538, but instead the reformate is cooled by the 
first fluid loop, by directing the flow between the reservoir 
46 and HX248 through HX538. 
0079) Water is condensed from the cathode air in HX344, 
and the condensed water is purified and returned to the Stack 
40 to complete the cycle. A radiator 54 is optionally placed 
in the water Side of the Stack coolant loop, although the 
presently preferred design does not require it. The cathode 
exhaust is then, in one embodiment, released along with the 
cooled burner exhaust. In this embodiment, the condensates 
from the reformate and from the Stack coolant are inter 
mingled, and the co-generation loop is passed through 
HX344 to absorb heat from both Sources. As illustrated, the 
Space heating assembly 18 is in turn heated by a cogenera 
tion loop in HX450, although it may instead be heated 
directly in HX344, and HX450 eliminated. Thus, in a 
particularly simple embodiment of the invention, HX450 
and HX538 are eliminated, but there are still three distinct 
fluid circulation loops, one for reformate, one for cooling the 
Stack 40, and one for cogeneration. In this simplified 
embodiment, the three distinct fluid circulation loops are in 
a heat exchange relationship in HX344, which both recovers 
at least a portion of the System water, to the extent necessary, 
and directs excess heat from both the reformer exhaust and 
the Stack coolant to the cogeneration System for Space 
heating or water heating, as required. 
0080 Alternatively, any or all of the heat exchangers 
discussed herein may be coated with catalysts to Serve as 
reactors, as well. For instance, the reformate cooler HX538 
may be coated with a PrOX catalyst, a methanation catalyst, 
or any other type of catalyst to Serve as a PrOX reactor, a 
methanation reactor, or other catalytic reactor, respectively, 
to reduce carbon monoxide for fuel cell use. Such heat 
exchangers are described in U.S. application Ser. No. 2003/ 
0010481, which is hereby incorporated by reference. 
0081. While the specific embodiments have been illus 
trated and described, numerous modifications come to mind 
without Significantly departing from the Spirit of the inven 
tion and the Scope of protection is only limited by the Scope 
of the accompanying claims. 

1. A heat eXchange System for the provision of electricity 
and heat from a cogeneration System comprising: 

a first fluid loop for providing Steam to a fuel reforming 
reaction to produce a hydrogen-rich reformate and a 
reformer exhaust, 

a fuel cell Stack for generating electricity from the hydro 
gen-rich reformate; 

a Second fluid loop for controlling the temperature of the 
fuel cell Stack; 

a third fluid loop for removing heat from at least one of 
the fuel reforming reaction and the fuel cell Stack for 
use in a cogenerative application; 

a first heat eXchanger between the hydrogen-rich refor 
mate and at least one other System fluid, 
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a Second heat eXchanger between the reformer exhaust 
and at least one other fluid, and 

a third heat eXchanger between the Second fluid loop and 
the third fluid loop; 

wherein the System produces heat for at least one of hot 
potable water and Space heating. 

2. The heat eXchange System of claim 1 further compris 
ing: 

a radiator for cooling the Second fluid loop. 
3. The heat eXchange System of claim 1 further compris 

ing: 
a fourth fluid loop in a heat eXchange relationship with at 

least one of the first fluid loop and the second fluid loop 
for the preheating of potable hot water. 

4. The heat eXchange System of claim 3 further compris 
Ing: 

a fourth heat eXchanger between the reformer exhaust, the 
Second fluid loop and at least one other fluid. 

5. The heat eXchange System of claim 1 further compris 
ing: 

a heat eXchange loop in at least one of the first, Second and 
third heat eXchangers. 

6. The heat eXchange System of claim 1 wherein the 
cogenerative application comprises a hot water tank. 

7. The heat eXchange System of claim 1 wherein at least 
one of the heat eXchangerS is a condensing heat eXchanger 
for removal of water from a gas. 

8. The heat eXchange System of claim 7 wherein the gas 
is reformate. 

9. The heat exchange system of claim 7 wherein the gas 
is the reformer exhaust. 

10. The heat exchange system of claim 7 wherein the 
condensing heat eXchanger transferS heat from at least one 
of the second fluid loop and the third fluid loop to heat 
potable water. 

11. The heat eXchange System of claim 1 further com 
prising: 

a furnace for providing Supplemental heat to the third 
fluid loop for use in at least one of Space heating, 
potable water heating, and provision of Startup heating 
to the cogeneration System. 

12. The heat eXchange System of claim 11 wherein the 
furnace is connected in parallel with the third fluid loop. 

13. The heat exchange system of claim 11 wherein the 
furnace is connected in Series with the third fluid loop. 

14. The heat eXchange System of claim 1 further com 
prising: 
means for using unheated external water for replenishing 

water in at least one of the fluid loops. 
15. The heat exchange system of claim 1 further com 

prising: 
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a furnace for providing heat for at least one of Space 
heating and potable water heating. 

16. The heat exchange system of claim 15 further com 
prising: 

a fuel processor assembly comprising a burner for burning 
a fuel to Supply energy for a reforming reaction to 
produce a hydrogen-rich reformate and a fuel processor 
exhaust which is used in a cogenerative application; 
and, 

a controller for providing Sufficient heat for at least one of 
Space heating and potable water heating by Selectively 
activating at least one of the furnace, the fuel cell Stack 
and the fuel processor assembly. 

17. The heat exchange system of claim 1 further com 
prising: 

means for cooling the Second fluid loop; and 
a controller for Selectively activating the means for cool 

ing the Second fluid loop when Space heating is not 
being provided by the System. 

18. The heat exchange system of claim 1 wherein one of 
the first heat eXchanger, the Second heat eXchanger and the 
third heat eXchanger is a catalyzed reactor. 

19. The heat exchange system of claim 18 wherein the 
catalyzed reactor is a PrOX reactor. 

20. The heat exchange system of claim 18 wherein the 
catalyzed reactor is a methanation reactor. 

21. The heat exchange system of claim 1 wherein the fuel 
cell Stack is cooled using direct fluid injection. 

22. Aheat eXchange System for the provision of electricity 
and heat from a cogeneration System comprising: 

a first fluid loop for providing Steam to a fuel reforming 
reaction to produce a hydrogen-rich reformate and a 
reformer exhaust, 

a fuel cell Stack for generating electricity from the hydro 
gen-rich reformate; 

a Second fluid loop for controlling the temperature of the 
fuel cell Stack; 

a third fluid loop for removing heat from both the fuel 
reforming reaction and the fuel cell Stack for use in a 
cogenerative application; and, 

a heat eXchanger between the reformer exhaust, the Sec 
ond fluid loop and the third fluid loop, wherein the heat 
eXchanger recovers at least a portion of the System 
fluids and Supplies heat for at least one of hot potable 
water and Space heating. 

23. The heat exchange system of claim 22 wherein the 
fuel cell Stack is cooled using direct fluid injection. 

24-89. (canceled) 


