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(57) ABSTRACT 

The invention relates to a compact and portable fuel cell 
package. The package includes a fuel cell that generates elec 
trical energy. Some packages also include a fuel processor 
that produces hydrogen from a fuel Source. Fuel cell packages 
described herein provide power densities (power per unit 
Volume or mass) at levels not yet seen. One package employs 
an interconnect disposed at least partially between a fuel cell 
and a fuel processor. The interconnect forms a structural and 
plumbing intermediary between the two. Given the portable 
size of fuel cell packages described herein, the invention is 
well suited to power portable electronics devices. One por 
table fuel cell package includes a tether, which allows elec 
trical and detachable coupling to an electronics device. 
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COMPACT FUEL. CELL PACKAGE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of co-pending 
U.S. application Ser. No. 11/120,643, filed on May 2, 2005, 
which claims priority under 35 U.S.C. S 119(e) to U.S. Pro 
visional Patent Application No. 60/638,421 filed on Dec. 21, 
2004 entitled “Micro Fuel Cell Architecture, both of which 
are incorporated by reference for all purposes. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to fuel cell technology. 
In particular, the invention relates to fuel cell systems 
included in a compact and portable package Suitable for pow 
ering portable electronic devices. 
0003. A fuel cell electrochemically combines hydrogen 
and oxygen to generate electrical energy. Fuel cell develop 
ment so far has concentrated on large-scale applications such 
as industrial size generators for electrical power back up. 
Consumer electronics devices and other portable electrical 
power applications currently rely on lithium ion and similar 
battery technologies. Fuel cell systems that generate electri 
cal energy for portable applications such as electronics would 
be desirable, but are not yet commercially available. In addi 
tion, technology advances that reduce fuel cell System size 
would be beneficial. 

SUMMARY OF THE INVENTION 

0004. The present invention relates to a compact and por 
table fuel cell package. The package includes a fuel cell that 
generates electrical energy. Some packages also include a 
fuel processor that produces hydrogen from a fuel source. 
Fuel cell packages described herein provide power densities 
(power per unit Volume or mass) at levels not yet seen in the 
fuel cell industry. For example, one portable fuel cell pack 
age—including both a fuel cell and fuel processor—occupies 
less than one liter and provides 30 Watts of electrical output. 
Lesser volumes and different electrical outputs are possible 
with packages described herein. 
0005 One package employs an interconnect disposed at 
least partially between a fuel cell and a fuel processor. The 
interconnect forms a structural and plumbing intermediary 
between the two. One or more conduits traverse the intercon 
nect and permit gaseous and/or fluid communication between 
the fuel cell and the fuel processor. The interconnect reduces 
plumbing complexity and space, which leads to a smaller 
package. 
0006. Some fuel cell packages are designed to power an 
electronics device. Given the portability of fuel cell packages 
described herein, the invention is well suited to power por 
table electronics devices such as laptop computers. 
0007. One fuel cell package includes a tether. The tether 
allows electrical and detachable coupling with an electronics 
device so as to Supply energy generated by the fuel cell, or to 
Supply energy stored in a rechargeable battery included in the 
package and charged by the fuel cell. 
0008. The fuel cell package may also include insulation to 
decrease heat loss from the fuel cell and fuel processor, which 
both typically operate at elevated temperatures. The insula 
tion increases thermal efficiency of the package. 
0009. In one aspect, the present invention relates to a fuel 
cell package for providing electrical energy. The fuel cell 
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package includes a fuel cell configured to receive hydrogen 
and oxygen and to generate electrical energy. The fuel cell 
package provides a power density of greater than about 30 
Watts/liter according to a volume of the fuel cell package. 
0010. In another aspect, the present invention relates to a 
fuel cell package that produces electrical energy from a fuel 
Source. Such as methanol. The fuel cell package comprises a 
fuel processor that includes a reformer and a heater. The 
reformer receives the fuel Source, outputs hydrogen, and 
includes a catalyst that facilitates the production of hydrogen 
from the fuel source. The heater generates heat for transfer to 
the reformer. The package also includes a fuel cell that gen 
erates electrical energy using hydrogen output by the fuel 
processor. 
0011. In yet another aspect, the present invention relates to 
a compact fuel cell package. The fuel cell package includes a 
fuel processor, a fuel cell and an interconnect disposed at least 
partially between the fuel cell and the fuel processor. The 
interconnect includes a set of conduits that each communicate 
a liquid or gas between the fuel processor and the fuel cell. 
0012. In still another aspect, the present invention relates 
to a tethered fuel cell package. The tethered package includes 
a fuel cell and a housing that at least partially contains the fuel 
cell. The package also includes a tether capable of electrical 
coupling to an electronics device and transmitting electricity 
generated by the fuel cell to the electronics device. 
0013. In another aspect, the present invention relates to an 
insulated fuel cell package. The package includes a fuel cell, 
a housing, and insulation disposed at least partially between 
the fuel cell and the housing. 
0014. In yet another aspect, the present invention relates to 
an interconnect for use in a fuel cell package that includes a 
fuel processor and a fuel cell. The interconnect is disposed at 
least partially between the fuel cell and the fuel processor and 
includes a set of conduits that each communicate a liquid or 
gas between the fuel processor and the fuel cell. The set of 
conduits includes a hydrogen conduit that receives hydrogen 
from a hydrogen channel in the fuel processor and outputs the 
hydrogen to a hydrogen channel in the fuel cell. 
0015 These and other features and advantages of the 
present invention will be described in the following descrip 
tion of the invention and associated figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1A illustrates a fuel cell package for producing 
electrical energy in accordance with one embodiment of the 
present invention. 
0017 FIG. 1B illustrates a fuel cell package including a 
fuel processor in accordance with another embodiment of the 
present invention. 
0018 FIG. 1C illustrates schematic operation for the fuel 
cell package of FIG.1B in accordance with a specific embodi 
ment of the present invention. 
0019 FIG. 2A illustrates a simplified cross sectional view 
of a fuel cell stack for use in the fuel cell of FIG. 1A in 
accordance with one embodiment of the present invention. 
0020 FIG. 2B illustrates an outer top perspective view of 
a fuel cell stack and fuel cell in accordance with another 
embodiment of the present invention. 
0021 FIG.2C illustrates anion conductive membranefuel 
cell (PEMFC) architecture for the fuel cell of FIG. 1A in 
accordance with one embodiment of the present invention. 
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0022 FIG. 2D illustrates atop perspective view of bi-polar 
plates in accordance with one embodiment of the present 
invention. 
0023 FIG. 3A illustrates an outer top perspective view of 
a fuel processor used in the fuel cell system of FIG. 1A. 
0024 FIG. 3B illustrates a cross-sectional front view of a 
main component in the fuel processor used in the fuel cell 
system of FIG. 1A taken through a mid-plane of fuel proces 
SO. 

0025 FIG. 4A illustrates an outer perspective view of a 
fuel cell package in accordance with one embodiment of the 
present invention. 
0026 FIG. 4B shows a perspective view of internal com 
ponents of a coplanar fuel cell package in accordance with a 
specific embodiment of the present invention. 
0027 FIG. 4C illustrates a perspective view of internal 
components for a fuel cell package in accordance with 
another specific embodiment of the present invention. 
0028 FIG. 5A illustrates a perspective view of an inter 
connect for use in a fuel cell package in accordance with one 
embodiment of the present invention. 
0029 FIG.5B shows the interconnect of FIG.5A attached 

to a top plate of a fuel cell. 
0030 FIG.5C illustrates the underside of a top plate that 
couples to the interconnect of FIG. 5A. 
0031 FIG. 5D shows a side view of the interconnect of 
FIG. 5A and exemplary dimensions of its internal plumbing. 
0032 FIG.5E illustrates a top view of the interconnect of 
FIG. 5A and an exemplary arrangement of ports on one sur 
face that provides a unique coupling interface with the inter 
COnnect. 

0033 FIG.5F illustrates an expanded view of the interface 
between the interconnect of FIG.5A and the top plate of a fuel 
cell. 
0034 FIG. 6 shows a perspective view of insulation dis 
posed about internal components of a fuel cell package in 
accordance with a specific embodiment of the present inven 
tion. 
0035 FIG. 7A shows a simplified illustration of a tethered 
fuel cell package in accordance with one embodiment of the 
present invention. 
0036 FIG. 7B illustrates an internal perspective view of 
the tethered fuel cell package of FIG. 7A in accordance with 
a specific embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0037. The present invention is described in detail with 
reference to a few preferred embodiments as illustrated in the 
accompanying drawings. In the following description, 
numerous specific details are set forth in order to provide a 
thorough understanding of the present invention. It will be 
apparent, however, to one skilled in the art, that the present 
invention may be practiced without some or all of these spe 
cific details. In other instances, well known process steps 
and/or structures have not been described in detail in order to 
not unnecessarily obscure the present invention. 

Fuel Cell Package 

0038 FIG. 1A illustrates a fuel cell package 1 for produc 
ing electrical energy in accordance with one embodiment of 
the present invention. Fuel cell package 1 comprises a fuel 
cell 20 and couples to hydrogen storage 14. 
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0039 Hydrogen storage device 14 stores and outputs 
hydrogen, which may be a pure source Such as compressed 
hydrogen held in a pressurized container 14. Hydrogen Stor 
age device 14 may also include a solid-hydrogen storage 
system such as a metal-based hydrogen storage device known 
to those of skill in the art. An outlet of hydrogen storage 
device 14 detachably couples to fuel cell 20 so that storage 
device 14 may be replaced when depleted. 
0040 Fuel cell 20 electrochemically converts hydrogen 
and oxygen to water, generating electrical energy and heat in 
the process. Ambient air commonly supplies oxygen for fuel 
cell 20. A pure or direct oxygen Source may also be used for 
oxygen Supply. The water often forms as a vapor, depending 
on the temperature of fuel cell 20 components. For some fuel 
cells, the electrochemical reaction may also produce carbon 
dioxide as a byproduct. 
0041. In one embodiment, fuel cell 20 is a low volume ion 
conductive membrane (PEM) fuel cell suitable for use with 
portable applications such as consumer electronics. An ion 
conductive membrane fuel cell comprises a membrane elec 
trode assembly that carries out the electrical energy generat 
ing electrochemical reaction. The membrane electrode 
assembly includes a hydrogen catalyst, an oxygen catalyst 
and an ion conductive membrane that a) selectively conducts 
protons and b) electrically isolates the hydrogen catalyst from 
the oxygen catalyst. A hydrogen gas distribution layer con 
tains the hydrogen catalyst and allows the diffusion of hydro 
gen therethrough. An oxygen gas distribution layer contains 
the oxygen catalyst and allows the diffusion of oxygen and 
hydrogen protons therethrough. The ion conductive mem 
brane separates the hydrogen and oxygen gas distribution 
layers. In chemical terms, the anode comprises the hydrogen 
gas distribution layer and hydrogen catalyst, while the cath 
ode comprises the oxygen gas distribution layer and oxygen 
catalyst. 
0042. In one embodiment, a PEM fuel cell includes a fuel 
cell stack having a set of bi-polar plates. A membrane elec 
trode assembly is disposed between two bi-polar plates. 
Hydrogen distribution occurs via a channel field on one plate 
while oxygen distribution occurs via a channel field on a 
second plate on the other side of the membrane electrode 
assembly. Specifically, a first channel field distributes hydro 
gen to the hydrogen gas distribution layer, while a second 
channel field distributes oxygen to the oxygen gas distribu 
tion layer. The term 'bi-polar refers electrically to a bi-polar 
plate (whether comprised of one plate or two plates) sand 
wiched between two membrane electrode assembly layers. In 
the stack, the bi-polar plate acts as both a negative terminal for 
one adjacent (e.g., above) membrane electrode assembly and 
a positive terminal for a second adjacent (e.g., below) mem 
brane electrode assembly arranged on the opposite face of the 
bi-polar plate. 
0043. In electrical terms, the anode includes the hydrogen 
gas distribution layer, hydrogen catalyst and bi-polar plate. 
The anode acts as the negative electrode for fuel cell 20 and 
conducts electrons that are freed from hydrogen molecules so 
that they can be used externally, e.g., to power an external 
circuit. In a fuel cell stack, the bi-polar plates are connected in 
series to add electrical potential gained in each layer of the 
stack. In electrical terms, the cathode includes the oxygen gas 
distribution layer, oxygen catalyst and bi-polar plate. The 
cathode represents the positive electrode for fuel cell 20 and 
conducts the electrons back from the external electrical cir 
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cuit to the oxygen catalyst, where they can recombine with 
hydrogen ions and oxygen to form water. 
0044) The hydrogen catalyst separates the hydrogen into 
protons and electrons. An ion conductive membrane blocks 
the electrons, and electrically isolates the chemical anode 
(hydrogen gas distribution layer and hydrogen catalyst) from 
the chemical cathode. The ion conductive membrane also 
selectively conducts positively charged ions. Electrically, the 
anode conducts electrons to a load (electrical energy is pro 
duced) or battery (energy is stored). Meanwhile, protons 
move through the ion conductive membrane. The protons and 
used electrons Subsequently meet on the cathode side, and 
combine with oxygen to form water. The oxygen catalyst in 
the oxygen gas distribution layer facilitates this reaction. One 
common oxygen catalyst comprises platinum powder very 
thinly coated onto a carbon paper or cloth. Many designs 
employ a rough and porous catalyst to increase surface area of 
the platinum exposed to the hydrogen and oxygen. 
0045. In one embodiment, fuel cell 20 comprises a set of 
bi-polar plates formed from a single plate. Each plate includes 
channel fields on opposite surfaces of the plate. The single 
bi-polar plate thus dually distributes hydrogen and oxygen: 
one channel field distributes hydrogen while a channel field 
on the opposite surface distributes oxygen. Multiple bi-polar 
plates can be stacked to produce a fuel cell stack in which a 
membrane electrode assembly is disposed between each pair 
of adjacent bi-polar plates. 
0046 Since the electrical generation process in fuel cell 20 

is exothermic, fuel cell 20 may implementathermal manage 
ment system to dissipate heat from the fuel cell. Fuel cell 20 
may also employ a number of humidification plates (HP) to 
manage moisture levels in the fuel cell. Further description of 
a fuel cell suitable for use with the present invention is 
included in commonly owned co-pending patent application 
Ser. No. 10/877,824 entitled “Micro Fuel Cell Architecture', 
which is incorporated by reference for all purposes. 
0047 While the present invention will mainly be dis 
cussed with respect to PEM fuel cells, it is understood that the 
present invention may be practiced with other fuel cell archi 
tectures. The main difference between fuel cell architectures 
is the type of ion conductive membrane used. In one embodi 
ment, fuel cell 20 is phosphoric acid fuel cell that employs 
liquid phosphoric acid for ion exchange. Solid oxide fuel cells 
employ a hard, non-porous ceramic compound for ion 
exchange and may be Suitable for use with the present inven 
tion. Generally, any fuel cell architecture may be applicable to 
the space saving designs described herein. Other Such fuel 
cell architectures include direct methanol, alkaline and mol 
ten carbonate fuel cells, for example. 
0048. Fuel cell 20 generates dc voltage, which may be 
used in a wide variety of applications. For example, electrical 
energy generated by fuel cell 20 may power a motor or light. 
In one embodiment, the present invention provides small 
fuel cells that are configured to output less than 200 watts of 
power (net or total). Fuel cells of this size are commonly 
referred to as micro fuel cells and are well suited foruse with 
portable electronics devices. In one embodiment, fuel cell 20 
is configured to generate from about 1 milliwatt to about 200 
Watts. In another embodiment, fuel cell 20 generates from 
about 5 Watts to about 60 Watts. Fuel cell 20 may be a 
stand-alone fuel cell, which is a single package that produces 
power as long as it has access to a) oxygen and b) hydrogen or 
a hydrocarbon fuel supply. A stand-alone fuel cell 20 that 
outputs from about 10 Watts to about 100 Watts is well suited 
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to power a laptop computer. One specific fuel cell package 
produces greater than about 10 Watts. Another specific fuel 
cell package produces greater than about 45 Watts. 
0049. A fuel cell package of the present invention may 
also use a reformed hydrogen supply. FIG. 1B illustrates a 
fuel cell package 10 for producing electrical energy in accor 
dance with another embodiment of the present invention. Fuel 
cell package 10 comprises a fuel processor 15 and a fuel cell 
20. 

0050. Processor 15 processes a fuel source 17 to produce 
hydrogen. Fuel Source 17 acts as a carrier for hydrogen and 
can be manipulated to separate hydrogen. Fuel Source 17 may 
include any hydrogen bearing fuel stream, hydrocarbon fuel, 
or other hydrogen fuel source such as ammonia. Currently 
available hydrocarbon fuel sources 17 suitable for use with 
the present invention include methanol, ethanol, gasoline, 
propane, butane and natural gas, for example. Liquid fuel 
sources 17 offer high energy densities and the ability to be 
readily stored and shipped. Other fuel sources may be used 
with a fuel cell package of the present invention, Such as 
sodium borohydride. Several hydrocarbon and ammonia 
products may also produce a suitable fuel source 17. 
0051 Fuel source 17 may be stored as a fuel mixture. 
When the fuel processor 15 comprises a steam reformer, 
storage device 16 contains a fuel mixture of a hydrocarbon 
fuel source and water. Hydrocarbon fuel source/water fuel 
mixtures are frequently represented as a percentage fuel 
source in water. In one embodiment, fuel source 17 comprises 
methanol or ethanol concentrations in water in the range of 
1%-99.9%. Other liquid fuels such as butane, propane, gaso 
line, military grade “JP8' etc. may also be contained in stor 
age device 16 with concentrations in water from 5-100%. In 
a specific embodiment, fuel source 17 includes 67% methanol 
by volume. 
0052. As shown, the reformed hydrogen supply comprises 
a fuel processor 15 and a fuel source storage device 16. 
Storage device 16 stores fuel source 17, and may comprise a 
portable and/or disposable fuel cartridge. A disposable car 
tridge offers a user instant recharging. In one embodiment, 
the cartridge includes a collapsible bladder within a hard 
protective case. A fuel pump typically moves fuel source 17 
from storage device 16 to the processor 15. If package 10 is 
load following, then a control system meters fuel source 17 to 
deliver fuel source 17 to processor 15 at a flow rate deter 
mined by a desired power level output of fuel cell 20. 
0053. Fuel processor 15 processes the hydrocarbon fuel 
Source 17 and outputs hydrogen. A hydrocarbon fuel proces 
sor 15 heats and processes a hydrocarbon fuel source 17 in the 
presence of a catalyst to produce hydrogen. Fuel processor 15 
comprises areformer, which is a catalytic device that converts 
a liquid orgaseous hydrocarbon fuel Source 17 into hydrogen 
and carbon dioxide. As the term is used herein, reforming 
refers to the process of producing hydrogen from a fuel 
source. One suitable fuel processor 15 is described in further 
detail below. 
0054. In one embodiment, fuel processor 15 is a steam 
reformer that only needs Steam and fuel to produce hydrogen. 
Several types of reformers suitable for use in fuel cell package 
10 include steam reformers, auto thermal reformers (ATR) or 
catalytic partial oxidizers (CPOX). ATR and CPOX reformers 
mix air with the fuel and steam mix. ATR and CPOX systems 
reform fuels such as methanol, diesel, regular unleaded gaso 
line and other hydrocarbons. In a specific embodiment, Stor 
age device 16 provides methanol 17 to fuel processor 15, 
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which reforms the methanol at about 280° C. or less and 
allows fuel cell package 10 use in applications where tem 
perature is to be minimized. 
0055. A fuel cell 20 may be configured to receive hydro 
gen from either a direct hydrogen Supply 12 or a reformed 
source. Fuel cell 20 typically receives hydrogen from one 
Supply at a time, although fuel cell packages that employ 
redundant hydrogen provision from multiple Supplies are 
useful in some applications. 
0056 FIG. 1C illustrates schematic operation for the fuel 
cell package 10 of FIG. 1B in accordance with a specific 
embodiment of the present invention. As shown, package 10 
includes fuel processor 15, fuel cell 20, multiple pumps 21, an 
air pump 41, various fuel conduits and gas conduits, and one 
or more valves 23. A fuel container 16 couples to package 10 
and stores a hydrogen fuel Source 17 for Supply to compo 
nents within package 10. 
0057 Fuel container 16 stores methanol as a hydrogen 
fuel source 17. An outlet 26 of fuel container 16 provides 
methanol 17 into hydrogen fuel source conduit 25. As shown, 
conduit 25 divides into two conduits: a first conduit 27 that 
transports methanol 17 to a heater (also referred to herein as 
a burner) 30 for fuel processor 15 and a second conduit 29 
that transports methanol 17 to a reformer 32 in fuel processor 
15. Conduits 25, 27 and 29 may comprise channels disposed 
in the fuel processor or tubes leading thereto, for example. 
Separate pumps 21a and 21b are provided for conduits 27 and 
29, respectively, to pressurize the conduits and transfer 
methanol at independent rates, if desired. A model 030SP 
S6112 pump as provided by Biochem, NJ is suitable to trans 
mit liquid methanol for system 10 is suitable in this embodi 
ment. 

0058. In one embodiment, the pump is positive displace 
ment and the system does not use a flow meter. In this case, the 
control system knows how much fuel is being pumped, and 
the control system communicates this information to a chip 
on the fuel cartridge. In another embodiment, a flow sensor or 
valve 23, situated between storage device 16 and fuel proces 
sor 18, detects and communicates the amount of methanol 17 
transfer between storage device 16 and reformer 32. In con 
junction with the sensor or valve 23 and suitable control, such 
as digital control applied by a processor that implements 
instructions from Stored software, pump 21b regulates metha 
nol 17 provision from storage device 16 to reformer 32. 
0059 Airpump 41 delivers oxygen and air from the ambi 
ent room through conduit 31 to the cathode in the fuel cell 20, 
where some oxygen is used in the cathode to generate elec 
tricity. Air pump 41 may include a fan or compressor, for 
example. High operating temperatures in fuel cell 20 also heat 
the oxygen and air. In the embodiment shown, the heated 
oxygen and air is then transmitted via conduit 33 to regenera 
tor 36 of fuel processor 15, where it is additionally heated 
before entering heater 30. This double pre-heating increases 
efficiency of the fuel cell system by a) reducing heat lost to 
reactants in heater 30 (such as fresh oxygen that would oth 
erwise be near room temperature), b) cooling the fuel cell 
during energy production. In this embodiment, a model BTC 
compressor as provided by Hargraves, NC is suitable to pres 
surize oxygen and air for fuel cell system 10. 
0060 A fan 37 blows cooling air (e.g. from the ambient 
room) over fuel cell 20 and its heat transfer appendages 46. 
Fan 37 may be suitable sized to move air as desired by heating 
requirements of the fuel cell; and many vendors known to 
those of skill in the art provide fans suitable for use with 
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package 10. An additional fan may be used to blow air over a 
heater section of the fuel cell heat transfer appendages. 
0061 Fuel processor 15 receives methanol 17 from stor 
age device 16 and outputs hydrogen. Fuel processor 15 com 
prises heater 30, reformer 32, boiler 34 and regenerator 36. 
Heater (or burner) 30 includes an inlet (which also functions 
as a boiler if methanol is present) that receives methanol 17 
from conduit 27 and a catalyst that generates heat with metha 
nol presence. Boiler 34 includes an inlet that receives metha 
nol17 from conduit 29. The structure of boiler34 permits heat 
produced in heater 30 to heat methanol 17 in boiler 34 before 
reformer 32 receives the methanol 17. Boiler 34 includes an 
outlet that provides heated methanol 17 to reformer 32. 
Reformer 32 includes an inlet that receives heated methanol 
17 from boiler 34. A catalyst in reformer 32 reacts with the 
methanol 17 and produces hydrogen and carbon dioxide 
(along with about -0.2-5% CO and any un-reacted methanol 
and steam). This reaction is slightly endothermic and draws 
heat from heater 30. A hydrogen outlet of reformer 32 outputs 
hydrogen to conduit 39. In one embodiment, fuel processor 
15 also includes a preferential oxidizer that intercepts 
reformer 32 hydrogen exhaust and decreases the amount of 
carbon monoxide in the exhaust. The preferential oxidizer 
employs oxygen from an air inlet to the preferential oxidizer 
and a catalyst, Such as ruthenium or platinum, that is prefer 
ential to carbon monoxide over hydrogen. 
0062) Regenerator 36 pre-heats air before the air enters 
heater 30. Regenerator 36 also reduces heat loss from pack 
age 10 by heating air before it escapes fuel processor 15. In 
one sense, regenerator uses waste heat in fuel processor 15 to 
increase thermal management and thermal efficiency of the 
fuel processor. Specifically, waste heat from heater 30 may be 
used to pre-heat incoming air provided to heater 30 to reduce 
heat transfer to the air in the heater so more heat transfers to 
reformer 32. The regenerator also functions as insulation for 
the fuel processor, by reducing the overall amount of heat loss 
of the reformer. 
0063 Conduit 39 transports hydrogen from fuel processor 
15 to fuel cell 20. Gaseous delivery conduits 31, 33 and 39 
may comprise channels in metal, as will be described below. 
A hydrogen flow sensor (not shown) may also be added on 
conduit 39 to detect and communicate the amount of hydro 
gen being delivered to fuel cell 20. In conjunction with the 
hydrogen flow sensor and Suitable control. Such as digital 
control applied by a processor that implements instructions 
from stored software, fuel processor 15 regulates hydrogen 
gas provision to fuel cell 20. 
0064. Fuel cell 20 includes a hydrogen inlet port that 
receives hydrogen from conduit 39 and delivers it to a hydro 
gen intake manifold for delivery to one or more bi-polar plates 
and their hydrogen distribution channels. An oxygen inlet 
port of fuel cell 20 receives oxygen from conduit 31 and 
delivers it to an oxygen intake manifold for delivery to one or 
more bi-polar plates and their oxygen distribution channels. 
An anode exhaust manifold 38 collects gases from the hydro 
gen distribution channels and delivers them to the ambient 
room, or back to the fuel processor. A cathode exhaust mani 
fold collects gases from the oxygen distribution channels and 
delivers them to a cathode exhaust port and conduit 33, or to 
the ambient room. 

0065. In addition to the components shown in shown in 
FIG. 1C, system 10 may also include other elements such as 
electronic controls, additional pumps and Valves, added sys 
tem sensors, manifolds, heat exchangers and electrical inter 
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connects useful for carrying out functionality of a fuel cell 
system 10 that are known to one of skill in the art and omitted 
herein for sake of brevity. 

Package 

0066. The present invention provides a reduced-size and 
portable fuel cell package. As the term is used herein, a fuel 
package refers to a fuel cell system that receives hydrogen, or 
a hydrogen fuel source, and outputs electrical energy. At a 
minimum, this includes a fuel cell. The package need not 
include a cover or housing, e.g., in the case where a fuel cell, 
or a fuel cell and fuel processor, is included in a battery bay of 
a laptop computer. In this case, the fuel cell package only 
includes the fuel cell, or fuel cell and fuel processor, and no 
housing. The package may include a compact profile, low 
Volume, or low mass—any of which is useful in any power 
application where size is relevant. As the term is used herein, 
fuel cell package and fuel cell system are synonymous, where 
package is used to more conveniently express Volume and 
power density. 
0067. In one embodiment, the fuel cell package includes a 
fuel cell, a fuel processor, and dedicated connectivity 
between the two. The dedicated connectivity may provide a) 
fluid or gas communication between the fuel processor and 
the fuel cell, and/or b) structural support between the two or 
for the package. In one embodiment, an interconnect as 
described below provides much of the connectivity. In 
another embodiment, direct and dedicated connectivity is 
provided on the fuel cell and/or fuel processor to interface 
with the other. For example, a fuel cell may be designed to 
interface with a particular fuel processor and includes dedi 
cated connectivity for that fuel processor. Alternatively, a fuel 
processor may be designed to interface with a particular fuel 
cell. Assembling the fuel processor and fuel cell together in a 
common and Substantially enclosed package provides a por 
table blackbox package that receives a hydrogen fuel Source 
and outputs electrical energy. 
0068. One or more conduits or channels communicate 
gases or fluids between the fuel cell and fuel processor. At the 
least, the communication includes a line that transports 
hydrogen to the fuel cell. To reduce package size, the fuel cell 
and the fuel processor may each include a molded channel 
dedicated to the delivering hydrogen from the processor to the 
cell. The channeling may be included in structure for each. 
When the fuel cell attaches directly to the fuel processor, the 
hydrogen transport line then includes a) channeling in the fuel 
processor to deliver hydrogen from a reformer to the connec 
tion, and b) channeling in the fuel cell to deliver the hydrogen 
from the connection to a hydrogen intake manifold. An inter 
connect as described below may facilitate connection 
between the fuel cell and the fuel processor. In this case, the 
interconnect includes an integrated hydrogen conduit dedi 
cated to hydrogen transfer from the fuel processor to the fuel 
cell. 
0069 FIG. 4A illustrates a fuel cell package 400 in accor 
dance with one embodiment of the present invention. Package 
400 provides compact and portable electrical energy genera 
tion using fuel cell technology. 
0070 An outer housing 402 contains a fuel cell. Housing 
402 provides mechanical protection for internal components 
within its boundaries, and may include any shape or configu 
ration to provide Such protection. In one embodiment, hous 
ing 402 includes multiple pieces secured together using 
screws and/or a suitable adhesive. Materials used in housing 
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402 may include any suitably stiff material that provides 
mechanical protection. For example, a rigid plastic or metal 
may be used for housing 402. In one embodiment, housing 
402 includes a low thermal conductance material so that the 
housing does not act as a heat sink for heat generation within 
its Volume. In another embodiment, housing 402 includes a 
thermally conductive material. In one embodiment, housing 
402 is dimensioned according to the internal components 
contained therein to reduce overall package Volume. 
0071 Housing 402 includes a number of openings for air 
intake and exhaust. Opening 404 allows air from the ambient 
room or environment to enter package 400, e.g., to cool a fuel 
cell contained therein or for energy generation in the fuel cell. 
Opening 406 acts as an exhaust port for heated gases after 
they acquire heat from the fuel cell, which typically operates 
at an elevated temperature relative to air in the ambient envi 
ronment. While openings 404 and 406 are shown as some 
what linear slits, the openings may comprise any dimensions 
Suitable for intake and exhaust of cooling air (or oxygen used 
in a fuel processor). In addition, the package may include less 
or greater than two openings. 
0072. Not all fuel cell system components are necessarily 
included within housing 402. While housing 402 is useful to 
characterize Volume, some packages that resemble embedded 
systems do not include a housing 402. Alternatively, compo 
nents that interface with a detachable hydrogen or fuel source 
storage device may be configured outside of housing 402. At 
the least, housing 402 at least partially contains the fuel cell. 
The housing 402 also usually contains the fuel processor, if 
one is included in the system. 
0073 Volume may characterize package 400. The volume 
includes all components of the package used in the system to 
generate electricity, save a storage device used to Supply 
hydrogen or a fuel Source. In one embodiment, the Volume 
includes the fuel cell and any components external to housing 
402 used to generate electricity (e.g., not just components 
included within housing 402. Such as a pump used for fuel 
delivery disposed partially outside the housing), and/or a 
power conditioner that converts the fuel cell output voltage to 
a level required by a power consumer and which may be 
turned on or off by the fuel cell control system as needed. In 
one embodiment, package 400 has a total Volume less than 
about a liter. In a specific embodiment, package 400 has a 
total volume less than about /2 liter. Greater and lesser pack 
age Volumes may be used with the present invention. 
0074 Package also includes a relatively small mass. In one 
embodiment, package 400 has a total mass less than about a 1 
kg. In a specific embodiment, package 400 has a total Volume 
less than about /2 liter. Greater and lesser package masses are 
possible. 
0075 Power density may also be used to characterize a 
fuel cell package. Power density refers to the ratio of electri 
cal power output provided by a fuel cell included in the 
package relative to a physical parameter Such as Volume or 
mass of the package. Notably, the present invention provides 
fuel cell packages with power densities not yet attained in the 
fuel cell industry. In one embodiment, fuel cell package 400 
provides a power density of greater than about 30 Watts/liter. 
This package includes all balance of plant items (cooling 
system, power conversion, start-up battery, etc.) except the 
fuel and fuel Source storage device. In another specific 
embodiment, fuel cell package 400 provides a power density 
of greater than about 60 Watts/liter. A power density from 
about 45 Watts/liter to about 90 Watts/liter works well for 
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many portable applications. Greater and lesser power densi 
ties are also permissible with a fuel cell package of the present 
invention. 

0076 A fuel cell and fuel processor may be arranged in a 
package so as to minimize package Volume. In one embodi 
ment, the fuel processor and fuel cell are arranged to be 
coplanar in the package. Coplanar in this sense refers to the 
shortest and/or longest dimension used to characterize the 
fuel cell and to characterize the fuel processor being aligned 
in the same axis. The shortest dimension refers to the smallest 
dimension of three dimensions (e.g., x, y, z) used to charac 
terize size of either component. The longest dimension con 
veys the opposite. For example, if height for both the fuel cell 
and fuel processor is the smallest dimension, then the fuel cell 
and fuel processor are placed adjacent and coplanar to each 
other Such that height for both is in a common direction (e.g., 
Z). The fuel cell and fuel processor may be arranged beside 
each other, stacked on top of each other, or in any other 
arrangement that reduces Volume. When arranged beside 
each other, height of the taller of the two determines overall 
height of the package. In one embodiment, the fuel cell sys 
tem package has a height determined by the fuel cell. In a 
specific embodiment, the fuel cell and package has a height 
less than about 1 inch. Other heights are contemplated. Such 
as less than about 2 inches, or the height of a battery slot in a 
laptop computer. 
0077 FIG. 4B shows a perspective view of a coplanar fuel 
cell system in a single package 420 in accordance with one 
embodiment of the present invention. Package 420 includes 
fuel cell 20 and fuel processor 15, arranged adjacent to each 
other such that their heights are substantially parallel. 
0078. Fuel cell 20 is shown with a housing 422 that 
includes top plate 64 and a number of sidewalls 424. Sidewall 
424a includes two openings: a cooling air intake 428 and an 
exhaust 430. Cooling fan 37 of FIG. 1C is disposed relatively 
close and internal to intake 428 or exhaust 430. 

007.9 For package 420, fuel pumps 21 are included for 
plumbing control and attached to an external housing of the 
package. Fuel pumps 21 may employ a Solenoid pump, 
Syringe pump or any other commercially available pump that 
moves a fuel. FIG. 4B also shows an air intake pipe 432 (line 
31 of FIG. 1C) that communicates oxygen and air from the 
ambient room or environment, through the package housing, 
and to fuel cell 20 for use in the cathode. 

0080 Orthogonal dimensions of length (L), width (W) 
and height (H) characterize package 420. In one embodiment, 
package 420 includes a length between about 6 cm and about 
15 cm, a width between about 4 cm and about 10 cm, and a 
height between about 1 cm and about 5 cm. As one of skill in 
the art will appreciate, package dimensions will depend on 
the arrangement and size of fuel cell 20 and fuel processor 15, 
and whether a fuel processor 15 is even included in the pack 
age. Exclusion of fuel processor 15 reduces dimensions for 
package 420 by the dimensions of the processor and its asso 
ciated balance of plant requirements. In a specific embodi 
ment, package 420 includes a length between about 11 cm 
and about 13 cm, a width between about 7 cm and about 9 cm, 
and a height between about 2 cm and about 4 cm. Greater and 
lesser dimensions may be used for a package of the present 
invention. 

0081 FIG. 4C illustrates a perspective view of internal 
components for a fuel cell package 440 in accordance with 
another embodiment of the present invention. 
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I0082 Package 440 includes a block chassis 442 that acts 
as a structural framework to which functional components of 
package 440 are attached. In one embodiment, chassis 442 
forms a bottom wall of an external housing for package 440. 
Chassis 442 includes a suitably stiff material. Such as a metal 
or rigid plastic. Aluminum, Fr. carbon fiber, ABS and steel 
are all suitable for use. Alternatively, any material that pro 
vides mechanical integrity and includes a low thermal con 
ductance may be used. 
I0083 Package 440 also includes fluid conduits and con 
nections 444 incorporated into fuel cell 20 and fuel processor 
15, as opposed to separate tubes and hoses between the fuel 
cell 20 and processor 15. This decreases size for package 440. 
Pump 21 provides fuel source movement and is coupled to a 
bracket that attaches to chassis 442. An air compressor 448 
provides air to the fuel cell cathode and is attached to chassis 
442. An intake plenum 445 is included to guide air between an 
outer housing of package 440 and inlet port 428 of fuel cell 
20. 

I0084 Package 440 also includes a rechargeable battery 
450 (not labeled on drawing). In one embodiment, battery 450 
is used during startup to provide electrical power for heating 
fuel in fuel processor 15 until the fuel processor and fuel cell 
20 are ready to generate electrical energy. Then, the recharge 
able battery may be recharged by fuel cell 20. If rechargeable 
battery 450 is empty, the fuel cell system may employ a USB 
jumpstart (the battery can be charged by devices other than 
the fuel cell, and the system can be started by devices other 
than the system battery). In this case, a USB connection 
between package 440 and an electronics device Such as a 
laptop computer provides power to charge the system battery 
until it reaches a state of charge so that it can heat fuel for fuel 
processor 15 until fuel cell 20 generates electrical energy. At 
this point, battery 450 may be recharged by the fuel cell. A 
wide variety of vendors known to those of skill in the art 
provide rechargeable batteries suitable for use with the 
present invention. A 2.4 Amp Hour 18650 rechargeable bat 
tery is suitable for some embodiments. Abattery that provides 
18 watts at 50% charge and 3.75 volts is also suitable. Other 
commercially available batteries may be used. 
0085 Control board 452 includes suitable software and 
hardware for controlling components within package 440. 
Hardware may include a commercially available processor, 
such as any of those available in the Intel, MicroChip or 
Motorola family of processors. Some form of memory is also 
included. Random-access memory (RAM) and read-only 
memory (ROM) may be included to store program instruc 
tions, implemented by the processor, that execute control 
functions for one more components of a fuel cell system. The 
control board may also include a device to allow for repro 
gramming of the control system firmware without the need to 
remove the control board. 

I0086. An electrical adapter may also be included in the 
package (not shown in FIG. 4C, and can also be part of control 
board 452) converts electrical energy output by fuel cell 20 to 
a suitable level as determined by design of package 440. For 
example, package 440 may be used as a tethered adapter to 
power a laptop computer, in which electrical adapter 446 
converts electrical energy output by fuel cell 20 to a voltage 
and current suitable for electrical provision to the laptop. 
DC/DC conversion is typical, but other power conditioning 
may also be applied. The electrical adaptor, or power regula 
tor, may also have the capability to be turned on or off as 
needed, and may include load leveling capabilities such as 
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provided by capacitors on the input and output lines. In one 
embodiment, the electrical adaptor has an electrical effi 
ciency greater than about 90%. In a specific embodiment, the 
electrical adaptor has an efficiency greater than about 95%. 
Other devices may be powered by fuel cell 20, and adapter 
446 will be configured according to electrical requirements of 
the device. Adapter 446 may also include a hardware interface 
that receives a wire that couples to the electronics device. 
0087 Package 440 may also includes additional fuel cell 
system components such as a cathode air inlet 31, a fuel feed 
from a detachable fuel source cartridge that couples to pack 
age 440, and a sensor and wires for temperature sensing. 
0088 Although fuel cell packages have been largely 
described with respect to fuel processor inclusion, a package 
of the present invention need not include a processor. In 
another embodiment, the package only includes a fuel cell 
that receives hydrogen from a Supply coupled to the package. 
The package then provides a portable blackbox that receives 
hydrogen and outputs electrical energy. Since the Volume has 
decreased, this provides fuel cell packages with less Volume 
and mass—for the same power output—and thus even greater 
power densities. 
0089. In one embodiment, the present invention provides a 
tethered fuel cell package. FIG. 7A shows a simplified illus 
tration of a tethered fuel cell package 700 in accordance with 
one embodiment of the present invention. FIG. 7B illustrates 
an internal perspective view of tethered fuel cell package 700 
in accordance with a specific embodiment of the present 
invention. 

0090. A tethered package refers to a fuel cell package 
including a tether 702. Tether 702 allows electrical coupling 
to the package from a distance, and typically includes a con 
ductor capable of communicating electrical energy from a 
fuel cell or electrical adapter included in the package 700 to 
an electronics device. In one embodiment, tether 702 includes 
a wire detachably coupled to package 700 and configured to 
transmit DC electricity generated by the fuel cell. A connector 
705 allows the tether to be electrically and detachably con 
nected to an electrical adaptor 710 included in the package. 
Typically, a length of tether 702 determines the tether dis 
tance, but adding an extension cord (or the like) to either end 
may lengthen the tether distance. The tethered fuel cell pack 
age may resemble an AC adapter used for many conventional 
laptop computers, where the tethered package provides elec 
trical energy from stored hydrogen or a fuel source. 
0091 Since the fuel cell package is portable, tethering the 
package provides a portable form of electrical power that may 
be plugged into one or multiple portable electronics devices. 
An output end 704 of the tether includes an interface 705 that 
electrically and detachably couples to an electronics device, 
while a fuel cell end 706 electrically and detachably couples 
to the fuel cell package (or is permanently attached thereto). 
Interface 705 may include any suitable electronics interface. 
For example, interface 705 may include a DC adapter inter 
face. Such as any of those commercially available from a wide 
array of Vendors. 
0092 Tethered fuel cell package 700 then provides a por 
table source of electrical power suitable to detachably power 
one or more devices. For example, consumer electronics 
devices such as laptop computers and radios may benefit from 
a tethered adapter of the present invention. Tethered fuel cell 
package 700 may power multiple models of the same type, 
Such as multiple computer laptops of the same model. 
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(0093. Tethered fuel cell package 700 may also provide 
varying electrical output to power different devices. Refer 
ring to FIG. 7B, package 700 includes an electrical adaptor 
710 that converts electrical energy output by fuel cell 20 to a 
different electrical level for output on tether 702. In one 
embodiment, adapter 710 provides multiple output electrical 
settings for package 700. For example, one setting may 
include 12V 3 A service while a second provides 5V 1 A 
service. A Switch or other device on the outside of the package 
700 may allow a user to change between the multiple electri 
cal outputs. The connector may also be wired so that the 
control board knows as what output voltage it should be 
operated. Electrical adapter 710 then includes suitable elec 
tronics to service each output setting. In this case, adapter 710 
provides DC/DC conversion as determined by design of fuel 
cell 20 and desired output using tether 702. 
(0094. Adapter 710 may also provide AC/DC conversion. 
In this case, package 700 includes a second connector (not 
shown) that receives an AC connector or wire. The AC wire 
detachably couples to an AC power source, such as a wall 
socket. Adapter 710 then includes circuitry that converts AC 
power into DC output on tether 702. For example, the cir 
cuitry may convert 65 Watt AC input into 45 Watt DC output. 

Fuel Cell 

0095 FIG. 2A illustrates a cross sectional view of a fuel 
cell stack 60 for use in fuel cell 20 in accordance with one 
embodiment of the present invention. FIG. 2B illustrates an 
outer top perspective view of a fuel cell stack 60 and fuel cell 
20 in accordance with another embodiment of the present 
invention. 
(0096. Referring initially to FIG. 2A, fuel cell stack 60 
includes a set of bi-polar plates 44 and a set of membrane 
electrode assembly (MEA) layers 62. Two MEA layers 62 
neighbor each bi-polar plate 44. With the exception of top 
most and bottom most membrane electrode assembly layers 
62a and 62b, each MEA 62 is disposed between two adjacent 
bi-polar plates 44. For MEAS 62a and 62b, top and bottom 
end plates 64a and 64b include a channel field 72 on the face 
neighboring an MEA 62. 
0097. The bi-polar plates 44 in stack 60 also each include 
one or more heat transfer appendages 46. As shown, each 
bi-polar plate 44 includes a heat transfer appendage 46a on 
one side of the plate and a heat transfer appendage 46b on the 
opposite side. Heat transfer appendages 46 are discussed in 
further detail below. 
0098. As shown in FIG. 2A, stack 60 includes twelve 
membrane electrode assembly layers 62, eleven bi-polar 
plates 44 and two end plates 64 (FIG. 2B shows 18 plates 44 
in the stack). The number of bi-polar plates 44 and MEA 
layers 62 in each set may vary with design of fuel cell stack 
60. Stacking parallel layers in fuel cell stack 60 permits 
efficient use of space and increased power density for fuel cell 
20 and a fuel cell package 10 including fuel cell 20. In one 
embodiment, each membrane electrode assembly 62 pro 
duces 0.7 V and the number of MEA layers 62 is selected to 
achieve a desired voltage. Alternatively, the number of MEA 
layers 62 and bi-polar plates 44 may be determined by the 
allowable thickness of package 10. A fuel cell stack 60 having 
from one MEA62 to several hundred MEAS 62 is suitable for 
many applications. A stack 60 having from about three MEAS 
62 to about twenty MEAS 62 is also suitable for numerous 
applications. Fuel cell 20 size and layout may also be tailored 
and configured to output a given power. 
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0099 Referring to FIG. 2B, top and bottom end plates 64a 
and 64b provide mechanical protection for stack 60. End 
plates 64 also hold the bi-polar plates 44 and MEA layers 62 
together, and apply pressure across the planar area of each 
bi-polar plate 44 and each MEA 62. End plates 64 may 
include steel or another suitably stiff material. Bolts 82a-d 
connect and secure top and bottom end plates 64a and 64b 
together. 
0100 Fuel cell 20 includes two anode manifolds (84 and 
86). Each manifold delivers a product or reactant gas to or 
from the fuel cell stack 60. More specifically, each manifold 
deliversagas between a vertical manifold created by stacking 
bi-polar plates 44 (FIG. 2D) and plumbing external to fuel 
cell 20. Inlet hydrogen manifold 84 is disposed on top end 
plate 64a, couples with an inlet conduit to receive hydrogen 
gas (such as 204a in FIG. 4A), and opens to an inlet hydrogen 
manifold 102 (FIG. 2D) that is configured to deliver inlet 
hydrogen gas to a channel field 72 on each bi-polar plate 44 in 
stack 60. Outlet manifold 86 receives outlet gases from an 
anode exhaust manifold 104 (FIG. 2D) that is configured to 
collect waste products from the anode channel fields 72 of 
each bi-polar plate 44. Outlet manifold 86 may provide the 
exhaust gases to the ambient space about the fuel cell. In 
another embodiment, manifold 86 provides the anode exhaust 
to line 38, which transports the unused hydrogen back to the 
fuel processor during start-up. 
0101 Fuel cell 20 includes two cathode manifolds: an 
inlet cathode manifold or inlet oxygen manifold 88, and an 
outlet cathode manifold or outlet water/vapor manifold 90. 
Inlet oxygen manifold 88 is disposed on top end plate 64a, 
couples with an inlet conduit (conduit 31, which draws air 
from the ambient room) to receive ambient air, and opens to 
an oxygen manifold 106 (FIG. 2D) that is configured to 
deliver inlet oxygen and ambient air to a channel field 72 on 
each bi-polar plate 44 in stack 60. Outlet water/vapor mani 
fold 90 receives outlet gases from a cathode exhaust manifold 
108 (FIG. 2D) that is configured to collect water (typically as 
a vapor) from the cathode channel fields 72 on each bi-polar 
plate 44. 
0102. As shown in FIG. 2B, manifolds 84, 86, 88 and 90 
include molded channels that each travel along a top Surface 
of end plate 64a from their interface from outside the fuel cell 
to a manifold in the stack. Each manifold or channel acts as a 
gaseous communication line for fuel cell 20 and may com 
prise a molded channel in plate 64 or a housing of fuel cell 20. 
Other arrangements to communicate gases to and from stack 
60 are contemplated, such as those that do not share common 
manifolding in a single plate or structure. 
0103 FIG.2C illustrates anion conductive membranefuel 
cell (PEMFC) architecture 120 for use in fuel cell 20 in 
accordance with one embodiment of the present invention. As 
shown, PEMFC architecture 120 comprises two bi-polar 
plates 44 and a membrane electrode assembly layer (or MEA) 
62 sandwiched between the two bi-polar plates 44. The MEA 
62 electrochemically converts hydrogen and oxygen to water 
and generates electrical energy and heat in the process. Mem 
brane electrode assembly 62 includes an anode gas diffusion 
layer 122, a cathode gas diffusion layer 124, a hydrogen 
catalyst 126, ion conductive membrane 128, anode electrode 
130, cathode electrode 132, and oxygen catalyst 134. 
0104 Pressurized hydrogen gas (H) enters fuel cell 20 via 
hydrogen port 84, proceeds through inlet hydrogen manifold 
102 and through hydrogen channels 74 of a hydrogen channel 
field 72a disposed on the anode face 75 of bi-polar plate 44a. 
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The hydrogen channels 74 open to anode gas diffusion layer 
122, which is disposed between the anode face 75 of bi-polar 
plate 44a and ion conductive membrane 128. The pressure 
forces hydrogen gas into the hydrogen-permeable anode gas 
diffusion layer 122 and across the hydrogen catalyst 126, 
which is disposed in the anode gas diffusion layer 122. When 
an H2 molecule contacts hydrogen catalyst 126, it splits into 
two H-- ions (protons) and two electrons (e-). The protons 
move through the ion conductive membrane 128 to combine 
with oxygen in cathode gas diffusion layer 124. The electrons 
conduct through the anode electrode 130, where they build 
potential for use in an external circuit (e.g., a power Supply of 
a laptop computer) After external use, the electrons flow to the 
cathode electrode 132 of PEMFC architecture 120. 
0105 Hydrogen catalyst 126 breaks hydrogen into pro 
tons and electrons. Suitable catalysts 126 include platinum, 
ruthenium, and platinum black or platinum carbon, and/or 
platinum on carbon nanotubes, for example. Anode gas dif 
fusion layer 122 comprises any material that allows the dif 
fusion of hydrogen therethrough and is capable of holding the 
hydrogen catalyst 126 to allow interaction between the cata 
lyst and hydrogen molecules. One Such Suitable layer com 
prises a woven or non-woven carbon paper. Other Suitable gas 
diffusion layer 122 materials may comprise a silicon carbide 
matrix and a mixture of a woven or non-woven carbon paper 
and Teflon. 

01.06. On the cathode side of PEMFC architecture 120, 
pressurized air carrying oxygen gas (O) enters fuel cell 20 
via oxygen port 88, proceeds through inlet oxygen manifold 
106, and through oxygen channels 76 of an oxygen channel 
field 72b disposed on the cathode face 77 of bi-polar plate 
44b. The oxygen channels 76 open to cathode gas diffusion 
layer 124, which is disposed between the cathode face 77 of 
bi-polar plate 44b and ion conductive membrane 128. The 
pressure forces oxygen into cathode gas diffusion layer 124 
and across the oxygen catalyst 134 disposed in the cathode 
gas diffusion layer 124. When an O molecule contacts oxy 
gen catalyst 134, it splits into two oxygenatoms. Two H-- ions 
that have traveled through the ion selective ion conductive 
membrane 128 and an oxygen atom combine with two elec 
trons returning from the external circuit to form a water 
molecule (HO). Cathode channels 76 exhaust the water, 
which usually forms as a vapor. This reaction in a single MEA 
layer 62 produces about 0.7 volts. 
0107 Cathode gas diffusion layer 124 comprises a mate 
rial that permits diffusion of oxygen and hydrogen protons 
therethrough and is capable of holding the oxygen catalyst 
134 to allow interaction between the catalyst 134 with oxygen 
and hydrogen. Suitable gas diffusion layers 124 may com 
prise carbon paper or cloth, for example. Other Suitable gas 
diffusion layer 124 materials may comprise a silicon carbide 
matrix and a mixture of a woven or non-woven carbon paper 
and Teflon. Oxygen catalyst 134 facilitates the reaction of 
oxygen and hydrogen to form water. One common catalyst 
134 comprises platinum. Many designs employ a rough and 
porous catalyst 134 to increase surface area of catalyst 134 
exposed to the hydrogen or oxygen. For example, the plati 
num may reside as a powder verythinly coated onto a carbon 
paper or cloth cathode gas diffusion layer 124. 
0.108 Ion conductive membrane 128 electrically isolates 
the anode from the cathode by blocking electrons from pass 
ing through membrane 128. Thus, membrane 128 prevents 
the passage of electrons between gas diffusion layer 122 and 
gas diffusion layer 124. Ion conductive membrane 128 also 
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selectively conducts positively charged ions, e.g., hydrogen 
protons from gas diffusion layer 122 to gas diffusion layer 
124. For fuel cell 20, protons move through membrane 128 
and electrons are conducted away to an electrical load or 
battery. In one embodiment, ion conductive membrane 128 
comprises an electrolyte. One electrolyte suitable for use with 
fuel cell 20 is Celtec 1000 from PEMEAS USAAG of Murray 
Hill, N.J. (www.pemeas.com). Fuel cells 20 including this 
electrolyte are generally more carbon monoxide tolerant and 
may not require humidification. Ion conductive membrane 
128 may also employ a phosphoric acid matrix that includes 
a porous separator impregnated with phosphoric acid. Alter 
native ion conductive membranes 128 suitable for use with 
fuel cell 20 are widely available from companies such as 
United technologies, DuPont, 3M, and other manufacturers 
known to those of skill in the art. For example, WL Gore 
Associates of Elkton, Md. produces the primea Series 58, 
which is a low temperature MEA suitable for use with the 
present invention. 
0109. In one embodiment, fuel cell 20 requires no external 
humidifier or heat exchanger and the stack 60 only needs 
hydrogen and air to produce electrical power. Alternatively, 
fuel cell 20 may employ humidification of the cathode to fuel 
cell 20 improve performance. For some fuel cell stack 60 
designs, humidifying the cathode increases the power and 
operating life of fuel cell 20. 
0110 FIG. 2D illustrates a top perspective view of a stack 
of bi-polar plates (with the top two plates labeled 44p and 
44g) in accordance with one embodiment of the present 
invention. Bi-polar plate 44 is a single plate 44 with first 
channel fields 72 disposed on opposite faces 75 of the plate 
44. 
0111 Functionally, bi-polar plate 44 a) delivers and dis 

tributes reactant gases to the gas diffusion layers 122 and 124 
and their respective catalysts, b) maintains separation of the 
reactant gasses from one another between MEA layers 62 in 
stack 60, c) exhausts electrochemical reaction byproducts 
from MEA layers 62, d) facilitates heat transfer to and/or 
from MEA layers 62 and fuel cell stack 60, and e) includes gas 
intake and gas exhaust manifolds for gas delivery to other 
bi-polar plates 44 in the fuel stack 60. 
0112 Structurally, bi-polar plate 44 has a relatively flat 
profile and includes opposing top and bottom faces 75a and 
75b (only top face 75a is shown) and a number of sides 78. 
Faces 75 are substantially planar with the exception of chan 
nels 76 formed as troughs into substrate 89. Sides 78 com 
prise portions of bi-polar plate 44 proximate to edges of 
bi-polar plate 44 between the two faces 75. As shown, bi-polar 
plate 44 is roughly quadrilateral with features for the intake 
manifolds, exhaust manifolds and heat transfer appendage 46 
that provide outer deviation from a quadrilateral shape. 
0113. The manifold on each plate 44 is configured to 
deliver a gas to a channel field on a face of the plate 44 or 
receive a gas from the channel field 72. The manifolds for 
bi-polar plate 44 include apertures or holes in substrate 89 
that, when combined with manifolds of other plates 44 in a 
stack 60, form an inter-plate 44 gaseous communication 
manifold (such as 102,104,106 and 108). Thus, when plates 
44 are stacked and their manifolds Substantially align, the 
manifolds permit gaseous delivery to and from each plate 44. 
0114 Bi-polar plate 44 includes a channel field 72 or “flow 
field on each face of plate 44. Each channel field 72 includes 
one or more channels 76 formed into the substrate 89 of plate 
44 such that the channel rests below the surface of plate 44. 
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Each channel field 72 distributes one or more reactant gasses 
to an active area for the fuel cell stack 60. Bi-polar plate 44 
includes a first channel field 72a on the anode face 75a of 
bi-polar plate 44 that distributes hydrogen to an anode (FIG. 
2C), while a second channel field on opposite cathode face 
75b distributes oxygen to a cathode. Specifically, channel 
field 72a includes multiple channels 76 that permit oxygen 
and air flow to anode gas diffusion layer 122, while channel 
field 72b includes multiple channels 76 that permit oxygen 
and air flow to cathode gas diffusion layer 124. For fuel cell 
stack 60, each channel field 72 is configured to receive a 
reactant gas from an intake manifold 102 or 106 and config 
ured to distribute the reactant gas to a gas diffusion layer 122 
or 124. Each channel field 72 also collects reaction byprod 
ucts for exhaust from fuel cell 20. When bi-polar plates 44 are 
stacked together in fuel cell 60, adjacent plates 44 sandwich 
an MEA layer 62 such that the anode face 75a from one 
bi-polar plate 44 neighbors a cathode face 75b of an adjacent 
bi-polar plate 44 on an opposite side of the MEA layer 62. 
0115 Bi-polar plate 44 may include one or more heat 
transfer appendages 46. Each heat transfer appendage 46 
permits external thermal management of internal portions of 
fuel cell stack 60. More specifically, appendage 46 may be 
used to heat or cool internal portions of fuel cell stack 60 such 
as internal portions of each attached bi-polar plate 44 and any 
neighboring MEA layers 62, for example. Heat transfer 
appendage 46 is laterally arranged outside channel field 72. In 
one embodiment, appendage 46 is disposed on an external 
portion of bi-polar plate 44. External portions of bi-polar 
plate 44 include any portions of plate 44 proximate to a side 
or edge of the substrate included in plate 44. External portions 
of bi-polar plate 44 typically do not include a channel field 72. 
For the embodiment shown, heat transfer appendage 46 sub 
stantially spans a side of plate 44 that does not include intake 
and output manifolds 102-108. For the embodiment shown in 
FIG. 2A, plate 44 includes two heat transfer appendages 46 
that substantially span both sides of plate 44 that do not 
include a gas manifold. 
0116 Peripherally disposing heat transfer appendage 46 
allows heat transfer between inner portions of plate 44 and the 
externally disposed appendage 46 via the plate substrate 89. 
Conductive thermal communication refers to heat transfer 
between bodies that are in contact or that are integrally 
formed. Thus, lateral conduction of heat between external 
portions of plate 44 (where the heat transfer appendage 46 
attaches) and central portions of bi-polar plate 44 occurs via 
conductive thermal communication through substrate 89. In 
one embodiment, heat transfer appendage 46 is integral with 
substrate material 89 in plate 44. Integral in this sense refers 
to material continuity between appendage 46 and plate 44. An 
integrally formed appendage 46 may be formed with plate 44 
in a single molding, stamping, machining or MEMS process 
of a single metal sheet, for example. Integrally forming 
appendage 46 and plate 44 permits conductive thermal com 
munication and heat transfer between inner portions of plate 
44 and the heat transfer appendage 46 via substrate 89. In 
another embodiment, appendage 46 comprises a material 
other than that used in substrate 89 that is attached onto plate 
44 and conductive thermal communication and heat transfer 
occurs at the junction of attachment between the two attached 
materials. 

0117 Heat may travel to or form the heat transfer append 
age 46. In other words, appendage 46 may be employed as a 
heat sink or source. Thus, heat transfer appendage 46 may be 
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used as a heat sink to cool internal portions of bi-polar plate 
44 or an MEA 62. Fuel cell 20 employs a cooling medium to 
remove heat from appendage 46. Alternatively, heat transfer 
appendage 46 may be employed as a heat source to provide 
heat to internal portions of bi-polar plate 44 oran MEA 62. In 
this case, a catalyst may be disposed on appendage 46 to 
generate heat in response to the presence of a heating 
medium. 
0118 For cooling, heat transfer appendage 46 permits 
integral conductive heat transfer from inner portions of plate 
44 to the externally disposed appendage 46. During hydrogen 
consumption and electrical energy production, the electro 
chemical reaction generates heat in each MEA 62. Since 
internal portions of bi-polar plate 44 are in contact with the 
MEA 62, a heat transfer appendage 46 on a bi-polar plate 44 
thus cools an MEA 62 adjacent to the plate via a) conductive 
heat transfer from MEA 62 to bi-polar plate 44 and b) lateral 
thermal communication and conductive heat transfer from 
central portions of the bi-polar plate 44 in contact with the 
MEA 62 to the external portions of plate 44 that include 
appendage 46. In this case, heat transfer appendage 46 sinks 
heat from substrate 89 between a first channel field 72 on one 
face 75 of plate 44 and a second channel field 72 on the 
opposite face of plate 44 to heat transfer appendage 46 in a 
direction parallel to a face 75 of plate 44. When a fuel cell 
stack 60 includes multiple MEA layers 62, lateral thermal 
communication through each bi-polar plate 44 in this manner 
provides interlayer cooling of multiple MEA layers 62 in 
stack 60 including those layers in central portions of stack 
60. 

0119 Fuel cell 20 may employ a cooling medium that 
passes overheat transfer appendage 46. The cooling medium 
receives heat from appendage 46 and removes the heat from 
fuel cell 20. Heat generated internal to stack 60 thus conducts 
through bi-polar plate 44, to appendage 46, and heats the 
cooling medium via convective heat transfer between the 
appendage 46 and cooling medium. Air is Suitable for use as 
the cooling medium. 
0120 Heat transfer appendage 46 may be configured with 
a thickness that is less than the thickness between opposite 
faces 75 of plate 44. The reduced thickness of appendages 46 
on adjacent bi-polar plates 44 in the fuel cell stack 60 forms a 
channel between adjacent appendages. Multiple adjacent bi 
polar plates 44 and appendages 46 in stack form numerous 
channels. Each channel permits a cooling medium or heating 
medium to pass therethrough and across heat transferappend 
ages 46. In one embodiment, fuel cell stack 60 includes a 
mechanical housing that encloses and protects stack 60. Walls 
of the housing also provide additional ducting for the cooling 
or heating medium by forming ducts between adjacent 
appendages 46 and the walls. 
0121 The cooling medium may be a gas or liquid. Heat 
transfer advantages gained by high conductance bi-polar 
plates 44 allow air to be used as a cooling medium to cool heat 
transfer appendages 46 and stack 60. For example, a dc-fan 37 
may be attached to an external Surface of the mechanical 
housing. The fan 37 moves air through a hole in the mechani 
cal housing, through the channels between appendages to 
cool heat transfer appendages 46 and fuel cell stack 60, and 
out an exhaust hole or port in the mechanical housing. Fuel 
cell system 10 may then include active thermal controls based 
on temperature sensed feedback. Increasing or decreasing 
coolant fan speed regulates the amount of heat removal from 
stack 60 and the operating temperature for stack 60. In one 
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embodiment of an air-cooled stack 60, the coolant fan speed 
increases or decreases as a function of the actual cathode exit 
temperature, relative to a desired temperature set-point. 
0.122 For heating, heat transfer appendage 46 allows inte 
gral heat transfer from the externally disposed appendage 46 
to inner portions of plate 44 and any components and portions 
of fuel cell 20 in thermal communication with inner portions 
of plate 44. A heating medium passed over the heat transfer 
appendage 46 provides heat to the appendage. Heat convected 
onto the appendage 46 then conducts through the substrate 89 
and into internal portions of plate 44 and stack 60. Such as 
portions of MEA 62 and its constituent components. 
I0123. In one embodiment, the heating medium comprises 
aheated gas having a temperature greater than that of append 
age 46. Exhaust gases from heater 30 or reformer 32 of fuel 
processor 15 may each include elevated temperatures that are 
Suitable for heating one or more appendages 46. 
0.124. In another embodiment, fuel cell comprises a cata 
lyst 192 (FIG. 2A) disposed in contact with, or in proximity 
to, one or more heat transfer appendages 46. The catalyst 192 
generates heat when the heating medium passes over it. The 
heating medium in this case may comprise any gas or fluid 
that reacts with catalyst 192 to generate heat. Typically, cata 
lyst 192 and the heating medium employ an exothermic 
chemical reaction to generate the heat. Heat transfer append 
age 46 and plate 44 then transfer heat into the fuel cell stack 
60, e.g. to heat internal MEA layers 62. For example, catalyst 
192 may comprise platinum and the heating medium includes 
the hydrocarbon fuel source 17. The fuel source 17 may be 
heated to a gaseous state before it enters fuel cell 20. This 
allows gaseous transportation of the heating medium and 
gaseous interaction between the fuel Source 17 and catalyst 
192 to generate heat. Similar to the cooling medium described 
above, a fan disposed on one of the walls then moves the 
gaseous heating medium within fuel cell 20. 
0.125. In a specific embodiment, the hydrocarbon fuel 
source 17 used to react with catalyst 192 comes from a 
reformer exhaust (see FIG. 1C) or heater exhaust in fuel 
processor 15. This advantageously pre-heats the fuel source 
17 before receipt within fuel cell 20 and also efficiently uses 
or burns any fuel remaining in the reformer or heater exhaust 
after processing by fuel processor 15. Alternatively, fuel cell 
20 may include a separate hydrocarbon fuel source 17 feed 
that directly supplies hydrocarbon fuel source 17 to fuel cell 
20 for heating and reaction with catalyst 192. In this case, 
catalyst 192 may comprise platinum. Other suitable catalysts 
192 include palladium, a platinum/palladium mix, iron, 
ruthenium, and combinations thereof. Each of these will react 
with a hydrocarbon fuel source 17 to generate heat. Other 
Suitable heating mediums include hydrogen or any heated 
gases emitted from fuel processor 15, for example. 
0.126 Whenhydrogen is used as the heating medium, cata 
lyst 192 comprises a material that generates heat in the pres 
ence of hydrogen, Such as palladium or platinum. As will be 
described in further detail below, the hydrogen may include 
hydrogen supplied from the reformer 32 in fuel processor 15 
as exhaust. 

I0127. As shown in FIG. 2A, catalyst 192 is arranged on, 
and in contact with, each heat transfer appendage 46. In this 
case, the heating medium passes over each appendage 46 and 
reacts with catalyst 192. This generates heat, which is 
absorbed via conductive thermal communication by the 
cooler appendage 46. Wash coating may be employed to 
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dispose catalyst 192 on each appendage 46. A ceramic Sup 
port may also be used to bond catalyst 192 on an appendage 
46. 
0128. For catalyst-based heating, heat then a) transfers 
from catalyst 192 to appendage 46, b) moves laterally though 
bi-polar plate 44 via conductive heat transfer from lateral 
portions of the plate that include heat transfer appendage 46 to 
central portions of bi-polar plate 44 in contact with the MEA 
layers 62, and c) conducts from bi-polar plate 44 to MEA 
layer 62. When a fuel cell stack 60 includes multiple MEA 
layers 62, lateral heating through each bi-polar plate 44 pro 
vides interlayer heating of multiple MEA layers 62 in stack 
60, which expedites fuel cell 20 warm up. 
0129. Bi-polar plates 44 of FIG. 2A include heat transfer 
appendages 46 on each side. In this case, one set of heat 
transfer appendages 46a is used for cooling while the otherset 
of heat transfer appendages 46b is used for heating. Bi-polar 
plates 44 illustrated in FIG. 2D show plates 44 with four heat 
transfer appendages 46 disposed on three sides of Stack 60. 
Appendage 46 arrangements can be otherwise varied to affect 
and improve heat dissipation and thermal management of fuel 
cell Stack 60 according to other specific designs. For example, 
appendages 46 need not span a side of plate 44 as shown and 
may be tailored based on how the heating fluid is channeled 
through the housing. 
0130. Although the present invention provides a bi-polar 
plate 44 having channel fields 72 that distribute hydrogen and 
oxygen on opposing sides of a single plate 44, many embodi 
ments described herein are suitable for use with conventional 
bi-polar plate assemblies that employ two separate plates for 
distribution of hydrogen and oxygen. 
0131 While the present invention has mainly been dis 
cussed so far with respect to a reformed methanol fuel cell 
(RMFC), the present invention may also apply to other types 
of fuel cells, such as a solid oxide fuel cell (SOFC), a phos 
phoric acid fuel cell (PAFC), a direct methanol fuel cell 
(DMFC), or a direct ethanol fuel cell (DEFC). In this case, 
fuel cell 20 includes components specific to these architec 
tures, as one of skill in the art will appreciate. A DMFC or 
DEFC receives and processes a fuel. More specifically, a 
DMFC or DEFC receives liquid methanol or ethanol, respec 
tively, channels the fuel into the fuel cell stack 60 and pro 
cesses the liquid fuel to separate hydrogen for electrical 
energy generation. For a DMFC, channel fields 72 in the 
bi-polar plates 44 distribute liquid methanol instead of hydro 
gen. Hydrogen catalyst 126 described above would then com 
prise a Suitable anode catalyst for separating hydrogen from 
methanol. Oxygen catalyst 128 would comprise a suitable 
cathode catalyst for processing oxygen or another Suitable 
oxidant used in the DMFC, such as peroxide. In general, 
hydrogen catalyst 126 is also commonly referred to as an 
anode catalyst in other fuel cell architectures and may com 
prise any Suitable catalyst that removes hydrogen for electri 
cal energy generation in a fuel cell. Such as directly from the 
fuel as in a DMFC. In general, oxygen catalyst 128 may 
include any catalyst that processes an oxidant in used in fuel 
cell 20. The oxidant may include any liquid or gas that oxi 
dizes the fuel and is not limited to oxygen gas as described 
above. An SOFC, PAFC or MCFC may also benefit from 
inventions described herein, for example. In this case, fuel 
cell 20 comprises an anode catalyst 126, cathode catalyst 128, 
anode fuel and oxidant according to a specific SOFC, PAFC 
or MCFC design. 

Fuel Processor 

0132 FIG. 3A illustrates a perspective view of compo 
nents included in a fuel processor 15 in accordance with one 
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embodiment of the present invention. FIG. 3B illustrates a 
cross-sectional front view of monolithic structure 100. Fuel 
processor 15 reforms methanol to produce hydrogen. Fuel 
processor 15 comprises monolithic structure 100, end plates 
182 and 184, end plate 185, reformer 32, heater 30, boiler 34, 
boiler 108, dewar 150 and housing 152. Although the present 
invention will now be described with respect to methanol 
consumption for hydrogen production, it is understood that 
fuel processors of the present invention may consume another 
fuel source, as one of skill in the art will appreciate. 
0.133 As the term is used herein, monolithic refers to a 
single and integrated structure that includes at least portions 
multiple components used in fuel processor 15. As shown in 
FIG. 3B, monolithic structure 100 includes reformer 32, 
burner 30, boiler 34 and boiler 108. Monolithic structure 100 
also includes associated plumbing inlets and outlets for 
reformer 32, burner 30 and boiler 34 disposed on end plates 
182 and 184 and interconnect 200. Monolithic structure 100 
comprises a common material 141 that constitutes the struc 
ture. The monolithic structure 100 and common material 141 
simplify manufacture of fuel processor 15. For example, 
using a metal for common material 141 allows monolithic 
structure 100 to be formed by extrusion. In a specific embodi 
ment, monolithic structure 100 is consistent in cross sectional 
dimensions between end plates 182 and 184 and solely com 
prises copper formed in a single extrusion. 
I0134) Referring to FIG. 3B, housing 152 provides 
mechanical protection for internal components of fuel pro 
cessor 15 such as burner 30 and reformer 32. Housing 152 
also provides separation from the environment external to 
processor 15 and includes inlet and outlet ports for gaseous 
and liquid communication in and out of fuel processor 15. 
Housing 152 includes a set of housing walls that at least 
partially contain a dewar 150 and provide external mechani 
cal protection for components in fuel processor 15. The walls 
may comprises a Suitably stiff material Such as a metal or a 
rigid polymer, for example. Dewar 150 improves thermal heat 
management for fuel processor 15 by a) allowing incoming 
air to be pre-heated before entering burner 30, b) dissipating 
heat generated by burner 32 into the incoming air before the 
heat reaches the outside of housing 152. 
0.135 Boiler 34 heats methanol before reformer 32 
receives the methanol. Boiler 34 receives methanol via a fuel 
source inlet 81 on interconnect 200 (FIG. 5A), which couples 
to a methanol supply line 27 (FIG. 1C). Since methanol 
reforming and hydrogen production via a catalyst 102 in 
reformer 32 often requires elevated methanol temperatures, 
fuel processor 15 pre-heats the methanol before receipt by 
reformer 32 via boiler 34. Boiler 34 is disposed in proximity 
to burner 30 to receive heat generated in burner 30. The heat 
transfers via conduction through monolithic structure from 
burner 30 to boiler 34 and via convection from boiler 34 walls 
to the methanol passing therethrough. In one embodiment, 
boiler 34 is configured to vaporize liquid methanol. Boiler 34 
then passes the gaseous methanol to reformer 32 for gaseous 
interaction with catalyst 102. 
0.136 Reformer 32 is configured to receive methanol from 
boiler34. Walls 111 in monolithic structure 100 and end walls 
113 on end plates 182 and 184 define dimensions for a 
reformer chamber 103. In one embodiment, end plate 182 
and/or end plate 184 includes a channel that routes heated 
methanol exhausted from boiler 34 into reformer 32. 

0.137 In one embodiment, a reformer includes a multi 
pass arrangement. Reformer 32 includes three multi-passpor 
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tions that process methanol in series: chamber section 32a. 
chamber section 32b, and chamber section 32c. A reformer 
chamber 103 then includes the volume of all three sections 
32a-c. Each section traverses the length of monolithic struc 
ture 100; and opens to each other in series such that sections 
32a-c form one continuous path for gaseous flow. More spe 
cifically, heated and gaseous methanol from boiler 34 a) 
enters reformer chamber section 32a at an inlet end of mono 
lithic structure 100 and flows to the other end over catalyst 
102 in section 32a, b) then flows into chamber section 32b at 
the second end of monolithic structure 100 and flows to the 
inlet end over catalyst 102 in section 32b, and c) flows into 
chamber section 32c at one end of monolithic structure 100 
and flows to the other end over catalyst 102 in the chamber 
section 32c. 

0138 Reformer 32 includes a catalyst 102 that facilitates 
the production of hydrogen. Catalyst 102 reacts with metha 
nol and produces hydrogen gas and carbon dioxide. In one 
embodiment, catalyst 102 comprises pellets packed to form a 
porous bed or otherwise suitably filled into the volume of 
reformer chamber 103. Pellet diameters ranging from about 
50 microns to about 1.5 millimeters are suitable for many 
applications. Pellet diameters ranging from about 500 
microns to about 1 millimeter are suitable for use with 
reformer 32. Pellet sizes may be varied relative to the cross 
sectional size of reformersections 32a-c, e.g., as the reformer 
sections increase in size so does catalyst 102 pellet diameters. 
Pellet sizes and packing may also be varied to control the 
pressure drop that occurs through reformer chamber 103. In 
one embodiment, pressure drops from about 0.2 to about 2 psi 
gauge are suitable between the inlet and outlet of reformer 
chamber 103. One suitable catalyst 102 may include CuZn 
coated onto alumina pellets when methanol is used as a 
hydrocarbon fuel source 17. Other materials suitable for cata 
lyst 102 include platinum, palladium, a platinum/palladium 
mix, nickel, and other precious metal catalysts for example. 
Catalyst 102 pellets are commercially available from a num 
ber of vendors known to those of skill in the art. Catalyst 102 
may also comprise catalyst materials listed above coated onto 
a metal sponge or metal foam. A wash coat of the desired 
metal catalyst material onto the walls of reformer chamber 
103 may also be used for reformer 32. 
0139 Reformer 32 is configured to output hydrogen and 
includes an outlet port 209 that communicates hydrogen 
formed in reformer 32 outside of fuel processor 15. Port 209 
is disposed on a wall of end plate 184 and includes a hole that 
passes through the wall. Port 209 opens to hydrogen conduit 
204a in interconnect 200, which then forms part of a hydro 
gen provision line 39 (FIG. 1C). Line 39 communicates the 
hydrogen to the anode of fuel cell 20 for electrical energy 
generation. 
0140 Hydrogen production in reformer 32 is slightly 
endothermic and draws heat from burner 30. Burner 30 gen 
erates heat and is configured to provide heat to reformer 32. 
As shown in FIG.3B, burner 30 comprises four burner cham 
bers 105a-d that surround reformer 32. In one embodiment, 
burner 30 uses electrical resistance and electrical energy to 
produce heat. 
0141. In the embodiment shown, burner 30 employs cata 
lytic combustion to produce heat. As the term is used herein, 
a burner refers to a heater that uses a catalytic heating process 
to generate heat. A heater in a fuel processor of the present 
invention may alternatively employ electrical heating, for 
example. A catalyst 104 disposed in eachburner chamber 105 
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helps a burner fuel passed through the chamber generate heat. 
Burner 30 includes an inlet that receives methanol 17 from 
boiler 108 via a channel in one of end plates 182 or 184. In one 
embodiment, methanol produces heat in burner 30 and cata 
lyst 104 facilitates the methanol production of heat. In 
another embodiment, waste hydrogen from fuel cell 20 pro 
duces heat in the presence of catalyst 104. Suitable burner 
catalysts 104 may include platinum or palladium coated onto 
alumina pellets for example. Other materials suitable for cata 
lyst 104 include iron, tin oxide, other noble-metal catalysts, 
reducible oxides, and mixtures thereof. The catalyst 104 is 
commercially available from a number of vendors known to 
those of skill in the art as small pellets. The pellets that may be 
packed into burner chamber 105 to form a porous bed or 
otherwise suitably filled into the burner chamber volume. 
Catalyst 104 pellet sizes may be varied relative to the cross 
sectional size of burner chamber 105. Catalyst 104 may also 
comprise catalyst materials listed above coated onto a metal 
sponge or metal foam or wash coated onto the walls ofburner 
chamber 105. 

0142. Some fuel sources generate additional heat in burner 
30, or generate heat more efficiently, with elevated tempera 
tures. Fuel processor 15 includes a boiler 108 that heats 
methanol before burner 30 receives the fuel source. In this 
case, boiler 108 receives the methanol via fuel source inlet 85. 
Boiler 108 is disposed in proximity to burner 30 to receive 
heat generated in burner 30. The heat transfers via conduction 
through monolithic structure from burner 30 to boiler 108 and 
via convection from boiler 108 walls to the methanol passing 
therethrough. 
0.143 Air including oxygen enters fuel processor 15 via air 
inlet port 91. Burner 30 uses the oxygen for catalytic com 
bustion of methanol. A burner 30 in fuel processor 15 gener 
ates heat and typically operates at an elevated temperature. In 
one embodiment, fuel processor 15 comprises a dewar 150 to 
improve thermal management for fuel processor 15. Dewar 
150 at least partially thermally isolates components internal 
to housing 152—such as burner 30—and contains heat within 
fuel processor 15. Dewar 150 is configured such that air 
passing through dewar chamber 156 receives heat generated 
in burner 30. Dewar 150 offers thus two functions for fuel 
processor 15: a) it permits active cooling of components 
within fuel processor 15 before the heat reaches an outer 
portion of the fuel processor, and b) it pre-heats the air going 
to burner 30. Air first passes along the outside of dewar 150 
before passing through apertures in the dewar and along the 
inside of dewar 150. This heats the air before receipt by air 
inlet port 93 of burner 30. 
0144. In one embodiment, package 10 runs anode exhaust 
from the fuel cell 20 back to fuel processor. As shown in FIG. 
1C, line 38 routes unused hydrogen from fuel cell 20 burner 
inlet 109, which provides the anode exhaust to burner 30 (or 
to the regenerator 36 and then to burner inlet 109 and into 
burner 30). Burner 30 includes a thermal catalyst that reacts 
with the unused hydrogen to produce heat. Since hydrogen 
consumption within fuel cell 20 is often incomplete and the 
anode exhaust often includes unused hydrogen, re-routing the 
anode exhaust to burner 30 allows fuel cell system 10 to 
capitalize on unused hydrogen in fuel cell 20 and increase 
hydrogen usage and efficiency. Package 10 thus provides 
flexibility to use different fuels in a catalytic burner 30. For 
example, if fuel cell 20 can reliably and efficiently consume 
over 90% of the hydrogen in the anode stream, then there may 
not be sufficient hydrogen to maintain reformer and boiler 



US 2011/0020717 A1 

operating temperatures in fuel processor 15. Under this cir 
cumstance, methanol Supply is increased to produce addi 
tional heat to maintain the reformer and boiler temperatures. 
(0145 Burner inlet 109 traverses monolithic structure 100 
and carries anode exhaust from fuel cell 20 before provision 
into burner 30. Disposing burner inlet 109 adjacent to a burner 
chamber 105 also heats the incoming anode exhaust, which 
reduces heat transferred to the anode exhaust in the burner 
chamber 105. 

0146 In another embodiment, package 10 runs a heating 
medium from fuel processor 15 to fuel cell 20 to provide heat 
to fuel cell 20. In this case, package 10 includes plumbing 
configured to transport the heating medium from fuel proces 
sor 15 to fuel cell 20. As the term is used herein, plumbing 
may comprise any tubing, piping and/or channeling that com 
municates a gas or liquid from one location to a second 
location. The plumbing may also comprise one or more 
valves, gates or other devices to facilitate and control flow. 
Plumbing between burner 30 and fuel cell 20 will be 
described in further detail below with respect to interconnect 
2OO. 

0147 In a specific embodiment, line 35 transports heated 
gases to fan 37, which moves the heated gases within fuel cell 
20 and across the fuel cell Stack and heat transfer appendages 
(FIG. 1C). Alternatively, the plumbing may be configured to 
transport the heating medium from burner 30 to one or more 
heat transfer appendages. In this case, line 35 may continue 
through the fuel cell housing and open in the proximity of one 
or more heat transfer appendages. A hole in the fuel cell 
housing then allows line 35 to pass therethrough or connect to 
a port that communicates the gases to plumbing inside the fuel 
cell for delivery to the fuel cell stack and heat transfer append 
age. For catalytic heat generation in fuel cell 20, the plumbing 
may also transport the heating medium to facilitate gaseous 
interaction with the catalyst, such as plumbing delivery to one 
or more bulkheads. 

0148. In one embodiment, the heating medium comprises 
heated gases exhausted from burner 30. A catalytic burner or 
electrical resistance burner operates at elevated temperatures. 
Cooling air exhausted from an electric burner or product 
gases exhausted from a catalytic burner are often greater than 
about 100 degrees Celsius when the gases leaves the fuel 
processor. For many catalytic burners, depending on the fuel 
Source employed, the heating medium is commonly greater 
than about 200 degrees Celsius when the heating medium 
leaves the fuel processor. These heated gases are transported 
to the fuel cell for convective heat transfer in the fuel cell, such 
as passing the heated gases over one or more heat transfer 
appendages 46 for convective heat transfer from the warmer 
gases into the cooler heat transfer appendages. 
0149. In another embodiment, burner 30 is a catalytic 
burner and the heating medium comprises the fuel source. 
Catalytic combustion in burner 30 is often incomplete and the 
burner exhaust gases include unused and gaseous methanol. 
Fuel cell 20 then comprises a thermal catalyst that facilitates 
production of heat in the fuel cell in the presence of methanol. 
The fuel Source is typically vaporized prior to reaching the 
burner to facilitate catalytic combustion. In this case, conduit 
35 transports the gaseous and unused methanol to the thermal 
catalyst in fuel cell 20. Several suitable thermal catalyst 
arrangements for transferring heat into heat transfer append 
ages 46 are described below (FIG. 2A). Suitable methanol 
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catalysts, such as platinum or palladium coated onto alumina 
pellets, are also described above with respect to catalyst 104 
in burner 30. 
0150. In one embodiment, the heating medium is trans 
ported to the fuel cell during a start-up period before the fuel 
cell begins generating electrical energy, e.g., in response to a 
request for electrical energy. Heating a fuel cell in this manner 
allows fuel cell component operating temperatures to be 
reached sooner and expedites warm-up time needed when 
initially turning on fuel cell 20. In another embodiment, the 
heating medium is transported from the fuel processor to the 
fuel cell during a period of non-activity in which the fuel cell 
does not generate electrical energy and the component cools. 
Since many fuel cells require elevated temperatures for 
operation and the electrical energy generating process is exo 
thermic, the fuel cell usually does not require external heating 
during electrical energy generation. However, when electrical 
energy generation ceases for an extended time and the com 
ponent drops below a threshold operating temperature, the 
heating medium may then be transported from the fuel pro 
cessor to regain the operating temperature and resume elec 
trical energy generation. This permits operating temperatures 
in a fuel cell to be maintained when electrical energy is not 
being generated by the fuel cell. 
0151. Although the present invention will primarily be 
described with respect to the reformer and burner shown in 
FIGS. 3A and 3B, it is anticipated that a fuel cell package may 
include other fuel processor designs. Many architectures 
employ a planar reformer disposed on top or below to a planar 
burner. Micro-channel designs fabricated in silicon com 
monly employ such stacked planararchitectures may be used. 
Other fuel processors may be used that process fuel sources 
other than methanol. Fuel sources other than methanol were 
listed above, and processors for these fuels are not detailed 
herein for sake of brevity. Further description of planar fuel 
processors suitable for use with the present invention are 
included in commonly owned patent application Ser. No. 
10/877,044 (now U.S. Pat. No. 7,604,673), which is incorpo 
rated by reference for all purposes. 

Interconnect 

0152 One embodiment for combining a fuel cell and fuel 
processor in a common package employs a fuel cell system 
interconnect. The interconnect is disposed at least partially 
between the fuel cell and the fuel processor, and forms a 
structural and plumbing intermediary between the two. 
0153 Combining a fuel cell and a fuel processor in a 
common package introduces a number of potential obstacles, 
Such as plumbing connectivity, space, and operating tempera 
ture differences. The interconnect described herein invention 
overcomes many of these obstacles to facilitate a fuel cell 
package with reduced size and form factor. 
0154 FIG. 5A illustrates a perspective view of an inter 
connect 200 for use in a fuel cell package in accordance with 
one embodiment of the present invention. FIG. 3A shows 
interconnect 200 positioned relative to fuel processor 15 
when assembled in a package. FIG. 5B shows interconnect 
200 coupled to the top plate 64a of fuel cell 20. FIG. 5C 
illustrates the underside oftop plate 64a in accordance with a 
specific embodiment of the present invention. FIG.5D illus 
trates plumbing internal to interconnect 200. FIG. 5E illus 
trates a top view of the interconnect 200 and an arrangement 
of ports 208 that uniquely identifies interconnect 200. 
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(O155 Referring initially to FIG. 5A, interconnect 200 
includes a number of sides 201 and a suitably rigid material, 
such as a metal. Side 201a interfaces with fuel processor 15; 
top side 201b interfaces with fuel cell 20. Side 201c services 
inlet plumbing to the fuel processor. Each side 201 refers 
generally to an exterior face of interconnect 200, need not be 
entirely flat, and includes one or more surfaces. Indeed, each 
side 201 may include recessed or heightened features, as 
shown. Different sides and Surface arrangements for inter 
connect 200 are possible and contemplated. 
0156 Interconnect 200 may include one or more materi 

als. In one embodiment, interconnect 200 is constructed from 
a suitably rigid material that adds structural integrity to a fuel 
cell package and provides rigid connectivity between a fuel 
cell and fuel processor. Many metals are suitable for use with 
interconnect 200. In one embodiment, interconnect 200 
includes a single piece of fabricated material. Metals and high 
temperature plastics are Suitable for use in this case. 
0157. In a specific embodiment, interconnect 200 is 
machined from a single block of Steel or aluminum. The 
material used in interconnect 200 may or may not be ther 
mally conductive, depending on thermal design of the fuel 
cell package. 
0158 Interconnect 200 includes plumbing for communi 
cating any number of gases and liquids between a fuel cell and 
fuel processor. For the fuel cell system 10 of FIG. 1C, plumb 
ing serviced by interconnect 200 includes 1) a hydrogen line 
39 from the fuel processor to the fuel cell, 2) a line 38 return 
ing unused hydrogen from the fuel cell back to the fuel pro 
cessor, 3) an oxygen line 33 from the fuel cell to the fuel 
processor, and 4) a reformer or burner exhaust line 37 travel 
ing from the fuel processor to the fuel cell. Other gas or liquid 
transfers between a fuel cell and fuel processor, in either 
direction, may be serviced by interconnect 200. In one 
embodiment, interconnect 200 internally incorporates all 
plumbing for gases and liquids it transfers to minimize 
exposed tubing and package size. 
0159 Interconnect 200 includes a set of conduits 204 for 
fluid and gas communication between fuel cell 20 and fuel 
processor 15. As the term is used herein, a conduit refers to a 
channel, tube, routing port, pipe, or the like that permits 
gaseous or fluid communication between two locations. For 
interconnect 200, each conduit 204 includes a channel 206 
(FIGS.5A and 5D) within the interconnect 200 and a port 208 
(or aperture) on each end of channel 206. For example, one 
conduit 204a may include a port 208d that receives hydrogen 
from the fuel processor on one side 201a of interconnect200 
and communicates the hydrogen—through interconnect 
200 and to a port 208a on side 201b to the fuel cell. Each 
port 208 facilitates connectivity with interconnect200. When 
assembled, each port 208 interfaces with plumbing from a 
fuel cell or fuel processor, or plumbing intermediaries ther 
ebetween. 

0160. In one embodiment, both fuel cell 20 and fuel pro 
cessor 15 include fixed plumbing to interface with intercon 
nect 200. The plumbing communicates the liquid or gas 
between a port 208 on interconnect 200 and a functional 
portion of fuel cell 20 or fuel processor 15 (e.g., hydrogenfuel 
inlet to the fuel cell). FIG.5C shows fixed plumbing channels 
84, 86, 88 and 90 disposed on an inner surface of the top plate 
64 of fuel cell 20. Channels 84, 86, 88 and 90 communicate 
gases between interconnect 200 and manifolds in the fuel cell 
stack 60. For example, a fixed channel 84 on top plate 64 
communicates hydrogen from interconnect 200 to a hydrogen 
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manifold in stack 60, which then delivers the hydrogen to gas 
distribution channels in each bi-polar plate. 
0.161 Fuel cell 20 and fuel processor 15 also include con 
nections or ports that mate with interconnect ports 208 to 
facilitate interface and product or reactant delivery. FIG. 5C 
illustrates mating ports 211 on a top plate 64 of fuel cell 20. 
FIG. 3A illustrates mating ports 209 on end plate 184 of fuel 
processor 15. A gasket may be disposed between end plate 
184 and interconnect 200 to improve sealing. Similarly, a 
gasket may be disposed between top plate 64 and interconnect 
200. Although the fuel processor 15 and fuel cell 20 are shown 
with separate plates that interface with interconnect 200, 
other arrangements for interfacing with interconnect 200 are 
suitable for use with the present invention. For example, 
although interconnect 200 interfaces with one side to fuel cell 
20 and another side to fuel processor 15, the present invention 
is not limited to Such simple geometric relationship. Alterna 
tively, either the fuel cell 20 or fuel processor 15 interact with 
two or more sides of interconnect 200. 
0162 Referring now to the delivery of specific gases, 
interconnect 200 communicates hydrogen from fuel proces 
sor 15 to fuel cell 20. A hydrogen conduit 204a in intercon 
nect 200 then forms part of a hydrogen provision line 39 (FIG. 
1C). For fuel processor 15 and fuel cell 20, hydrogen conduit 
204a receives hydrogen from a hydrogen channel 209 
included in fuel processor 15 (FIG. 3A) and outputs the 
hydrogen to a hydrogen channel 92 included in fuel cell 20 
(FIGS. 5B and 5C). Line39 thus includes (in order of hydro 
gen delivery): reformer exit via channel 209 in fuel processor 
15, conduit 204a in interconnect 200, and channel 92 in fuel 
cell 20. Hydrogen conduit 204a includes a channel 206a and 
two ports 208a and 208d (FIG. 5A). Channel 206a passes 
through the material of interconnect 200 from surface 201a to 
surface 201b. FIG.5D shows internal dimensions of channel 
206a. Hydrogen port 208d interfaces with hydrogen output 
channel 209 from fuel processor 15. A portion of a gasket 
seals port 208d and channel 209. Hydrogen port 208a inter 
faces with hydrogen channel 92 for fuel cell 20 via a port 211a 
included in the bottom surface oftop plate 64 (FIG.5C). 
0163 Interconnect 200 also communicates unused hydro 
gen and anode exhaust from fuel cell 20 back to a burner fuel 
processor 15. A hydrogen conduit 204c in interconnect 200 
then forms part of a hydrogen return line 38 (FIG. 1C). 
Hydrogen conduit 204c receives unused hydrogen from chan 
nel 86 included in top plate 64 (FIGS. 5B and 5C) and outputs 
the anode exhaust to a burner inlet 109 in the fuel processor. 
Line 38 thus includes (in order of delivery): anode exit via 
channel 86 in fuel cell 20, conduit 204c in interconnect 200, 
and inlet 109 in fuel processor 15. Conduit 204c includes a 
channel 206c and two ports 208c and 208b (FIG. 5A). Chan 
nel 206C passes through the material of interconnect 200 from 
surface 201b to surface 201a. FIG.5D shows internal dimen 
sions of channel 206C. Port 208b interfaces with an anode 
exhaust inlet channel 109 in fuel processor 15. A portion of a 
gasket seals port 208b and channel 109. Port 208c interfaces 
with anode exhaust channel 86 of fuel cell 20 via a port 211c 
included in the bottom surface oftop plate 64 (FIG.5C). 
0164 Interconnect 200 communicates heated oxygen and 
cathode exhaust from fuel cell 20 to a burner in fuel processor 
15. The heated oxygen is used for catalytic combustion in the 
burner, and increases thermal efficiency of the package. An 
oxygen conduit 204b in interconnect 200 then forms part of 
oxygen line 33 (FIG. 1C). Oxygen conduit 204b receives 
heated oxygen and air from channel 90 included in top plate 
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64 (FIGS. 5B and 5C) and outputs the heated oxygen to a 
burner inlet in the fuel processor. Line 33 thus includes (in 
order of delivery): cathode exit via channel 90 in fuel cell 20, 
conduit 204b in interconnect 200, and an inlet to the burner in 
fuel processor 15. Conduit 204b includes a channel 206b and 
two ports 208e and 208f (FIG. 5A). Channel 206b passes 
through the material of interconnect 200 from surface 201b to 
surface 201a. FIG.5D shows internal dimensions of channel 
206b. Port 208f interfaces with a burner inlet in fuel processor 
15. Port 208e interfaces with cathode exhaust channel 90 of 
fuel cell 20 via a port 2.11b included in the bottom surface of 
top plate 64 (FIG.5C). 
0.165 Interconnect 200 additionally communicates burner 
exhaust from fuel processor 15 to heat transfer appendages in 
fuel cell 20. The burner exhaust reacts with a catalyst dis 
posed near the fuel cell to heat the fuel cell and expedite fuel 
cell start-up. A burner exhaust conduit 204d in interconnect 
200 then forms part of exhaust line 35 (FIG. 1C). Conduit 
204d receives burner exhaust from a burner outlet in the fuel 
processor and outputs burner exhaust to a heating region 262 
in the fuel cell (FIG. 2B). Line 35 thus includes (in order of 
delivery): a burner exit in fuel processor 15, conduit 204d in 
interconnect 200, and heating region 262 in fuel cell 20. 
Conduit 204d includes a channel 206d and two ports 208g and 
208h (FIG. 5A). Channel 206d passes through the material of 
interconnect 200 from surface 201a to surface that faces the 
body of the fuel cell. FIG. 5D shows internal dimensions of 
channel 206d. Port 208g interfaces with a burner outlet in fuel 
processor 15. A portion of a gasket seals port 208g and the 
burner outlet. Port 208h opens to region 262 in the fuel cell 20. 
0166 Interconnect 200 is also responsible for fuel source 
delivery to fuel processor 15. A reformer fuel source inlet 81 
receives methanol from a fuel source feed (pump 21b and an 
upstream storage device 16, see FIG. 1C) and includes a 
conduit 206e internal to interconnect 200 that delivers the 
methanol to a boiler in the fuel processor that heats the metha 
nol before delivery to the reformer. A burner fuel source inlet 
204f receives methanol from a second fuel source feed (a 
second pump 21a and upstream storage device 16) and 
includes a conduit 206f internal to interconnect 200 that deliv 
ers the methanol to a boiler in the fuel processor that heats the 
methanol before delivery to the catalytic burner. 
0167. In general, interconnect 200 may include any suit 
able number of conduits for communicating fluids and gases 
between a fuel cell and fuel processor. From 1 to about 8 
conduits is suitable for many micro fuel cell Systems and 
packages. Each conduit may be dedicated to a particular gas 
or fluid. Dedicated conduits may be responsible for:oxygen, 
hydrogen, burner or reformer exhaust, methanol or another 
fuel Source, air, or any other reactant or process gas or liquid 
used in a fuel processor or fuel cell. It is understood that some 
of these substances may go in either direction (or both) 
between a fuel cell and a fuel processor. 
0168 In general, a conduit 204 may communicate a gas or 
liquid between any portion or portions of a fuel cell or fuel 
processor. For example, a conduit may receive a gas from a 
dedicated manifold in a fuel cell or fuel processor. Alterna 
tively, a conduit may deliver a gas to a region within a fuel 
cell. Such as a Volume that includes one or more heat transfer 
appendages. The conduits 204 may be variably configured 
according to design demands. In one embodiment, an inter 
connect and its conduits 204 are designed and configured to 
reduce Volume of the integrated fuel cell package. In another 
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embodiment, conduits 204 are designed and configured to 
align with existing fluid channels and conduits of a fuel cell 
and fuel processor. 
0169. A gasket may also be employed to interface between 
interconnect 200 and the fuel cell 20 or between interconnect 
200 and fuel processor 15. For example, a gasket may be 
disposed during assembly between end plate 184 of fuel 
processor 15 and interconnect 200. A gasket 260 between 
interconnect 200 and fuel cell 20 is also discussed below. 
0170. One issue that arises with combining a fuel cell and 
fuel processor in a common and compact package is operat 
ing temperature differences between the two. Depending on 
the specific fuel cell, processor, and their respective catalysts, 
temperature differences between the two structures in a com 
pact package may vary significantly. For example, one Suit 
able fuel processor 15 operates above 250° C., while fuel cell 
20 typically operates about 190° C. (or below). Putting the 
two objects in close proximity introduces potential heat trans 
fer, and resulting thermal efficiency losses in the fuel proces 
sor if the heat transfer cannot be controlled. 
0171 Interconnect 200 is designed to reduce heat transfer 
between a fuel processor and a fuel cell. In one embodiment, 
the interconnect serves as an insulation for heat transfer 
between the fuel cell and the fuel processor and includes a low 
thermal conductance material. In another embodiment, the 
interconnect contains a minimal amount of material in con 
tact with the fuel cell and/or fuel processor, which minimizes 
thermal conduction between the two components via the 
interconnect. This reduces material restrictions on intercon 
nect 200. 

(0172 FIG. 5F illustrates an expanded side view of the 
contact between interconnect 200 and top plate 64 about a 
port 208 in accordance with one embodiment of the present 
invention. As shown, interconnect 200 maintains one or more 
gaps 240 between one of its sides 201 the bottom surface of 
plate 64. The gaps 240 may be left empty or filled with an 
insulation (FIG. 6). Air gaps 240 each act as a layer of low 
thermal capacity material and low thermal conductance insu 
lation to minimize heat transfer between the interconnect and 
the fuel processor or fuel cell. 
0173 Mating features 244 and 246 reduce surface area 
contact between facing Surfaces of each structure. This fur 
ther reduces conductive heat transfer between the fuel cell 
and interconnect. 
0.174 Mating features 244 include heightened portions 
252 of each port 208 that extend above a recessed surface 254 
on side 201b of interconnect 200. FIG. 5F shows the mating 
arrangement 246 on the bottom surface of top plate 64. 
Recessed surface 254 receives a distal end of 245 of mating 
features 246 on the top plate 64. Mating features 244 and 246 
are shaped in Surface area so as to overlap in depth when 
interconnect 200 and top plate 64 are coupled together. 
0.175 Recessed surface 254 also receives a gasket 260 that 
facilitates sealing between interconnect 200 and top plate 64. 
Gasket 260 surrounds each port 208 on surface 254. Gasket 
260 is suitably compressible, and prevents contact between 
interconnect 200 and top plate 64 when the package has been 
assembled. More specifically, gasket 260 is shaped to border 
the outside of heightened portions 252 of each port 208, and 
interrupts the distal end of 245 of mating features 246 on top 
plate 64 before they contact with recessed surface 254. Gasket 
260 thus improves sealing between the two structures and 
their respective channels, and improves gaseous flow in the 
fuel cell system. In one embodiment, gasket 260 includes a 
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custom cut graphoil gasket shaped to follow the contours of 
recessed surface 254, or another high temperature, low ther 
mal conductance and compliant material. The low thermal 
conductance gasket 260 also reduces heat transfer between 
top plate 64 and interconnect 200. 
0176 Heightened portions 252 of each port 208 also pro 
vide improved gasketing. More specifically, heightened por 
tions 252 prevent extrusion of gasket 260 (resting on recessed 
surface 254) into a channel 206 or screw hole 215 that other 
wise might occur during assembly in the absence of height 
ened portions 252. 
0177. Mating features 244 and 246 also facilitate align 
ment between the two structures. Collectively, the shape and 
spatial arrangement of ports 208 and holes 211 (and their 
mating features 244 and 246) provides a unique structural 
interface between interconnect 200 and top plate 64 of fuel 
cell 20 when interconnect 200 attaches to top plate 64. FIG. 
5A shows one exemplary crop circle configuration that 
includes a series of circles. Top plate 64 has a matching 
configuration 258 on its bottom side. When interconnect200 
and top plate 64 are coupled or attached together, the shape 
and spatial arrangement of ports 208 and screw holes 211 
deterministically align and locate top plate 64 relative to 
interconnect200. Joining the two pieces also provides forces 
that resist relative motion (translations and rotations in three 
dimensions) between top plate 64 and interconnect 200. 
Other spatial arrangements and configurations are Suitable 
and contemplated. For example, the number of circles, spac 
ing or area arrangement may be altered. 
0.178 Screw holes 215 permit mechanical coupling 
between interconnect 200 and top plate 64. Screw holes 215 
also include heightened features that facilitate alignment, and 
add to the unique structural interface, between interconnect 
200 and fuel cell 20. 
0179 Interconnect 200 has multiple advantages. Typi 
cally, a fuel cell system includes significant amount of plumb 
ing between a fuel cell and fuel processor. Such plumbing 
consumes considerable space. One advantage of interconnect 
200 is that it reduces size of a single package containing both 
a fuel processor and fuel cell by eliminating numerous tubes 
and additional plumbing associated with a disparate fuel cell 
and fuel processor. Interconnect 200 also avoids the need for 
brazing metal tubes, which affects manufacture. Although the 
present invention may include one or more brazed metal 
tubes, reducing the number of pipes with interconnect 200 
decreases manufacturing complexity. 
0180. While interconnect 200 has been described with 
respect to a separate structure that separably attaches to both 
a fuel cell and a fuel processor, it is understood that the 
interconnect may be included as an integral part of a fuel cell, 
orasan integral part of a fuel processor, that the other attaches 
tO. 

Package Insulation 

0181 Many fuel cells and fuel processors operate at 
elevated temperatures. Burner 30 temperatures from about 
200 degrees Celsius to about 800 degrees Celsius are com 
mon. Many fuel cells 20 operate at elevated temperatures 
during electrical energy production. The electrochemical 
reaction responsible for hydrogen consumption and electrical 
energy generation typically requires an elevated temperature. 
Start temperatures in the MEA layer 62 and its constituent 
parts greater than 150 degrees Celsius are common. 
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0182. The ambient environment around the fuel cell pack 
age is cooler, and typically less than 40 degrees Celsius. Heat 
loss from the fuel cell or fuel processor to the ambient envi 
ronment decreases efficiency of each device, and of the fuel 
cell package. 
0183 In one embodiment, a fuel cell package of the 
present invention includes insulation that reduces heat loss 
from a fuel cellor a fuel processor. The insulation is disposed 
at least partially around the fuel cell and/or fuel processor and 
beneath the package housing. The insulation reduces heat 
transfer from the fuel cell and/or fuel processor to the package 
housing, which reduces temperatures for the housing. This in 
turn reduces heat loss to the ambient environment. Thus, the 
insulation keeps heat in the package and increases efficiency 
for the components running at elevated temperatures. 
0.184 FIG. 6 shows a perspective view of insulation 320 
disposed about internal components and under the housing of 
the fuel cell package 440 of FIG. 4C in accordance with a 
specific embodiment of the present invention. FIG. 4B also 
shows insulation320 disposed around the fuel cell 20 and fuel 
processor 15. In both cases, insulation 320 has been shown 
with Some transparency to facilitate illustration and descrip 
tion. As shown, insulation 320 disposed at least partially 
around the outside of fuel cell 20 to minimize heat loss from 
the fuel cell. Insulation 320 is also disposed at least partially 
around fuel processor 15 to reduce heat loss from the fuel 
processor. 
0185. Insulation 320 may include one or more layers of a 
low thermal conductance material. The insulation layer may 
be wrapped around the fuel cell 20, fuel processor 15 and/or 
fuel cell system package. Thickness for the insulation layer 
and the number of wrappings around each component may be 
varied according to design. Increasing the thickness or the 
number of wrappings decreases heat loss. In one embodi 
ment, the insulation is selected and configured Such that the 
Surface of fuel cell package 440 maintains a desired tempera 
ture. Standards imposed on consumer-electronics devices 
may mandate Surface temperature of electronics devices Such 
as a tethered fuel cell package to be less than some predeter 
mined level, and insulation 320 may be designed to regularly 
meet this level. Some consumer-electronics device standards 
require a surface temperature less than 50° C. A thickness 
from about 1 millimeter to about 10 millimeters is suitable for 
Some designs. In a specific embodiment, insulation320 has a 
thickness of about 2 millimeters and is wrapped twice about 
the fuel cell and fuel processor. In a specific embodiment, one 
layer of material is disposed on the fuel cell between mani 
folds, while a second layer surrounds the entire fuel cell. 
0186 Insulation 320 may include a commercially avail 
able sheet of insulation. One suitable commercially available 
insulation material comprises aerogel insulation as provided 
by Aspen Systems, Inc. of Marlborough, Mass. Other forms 
of insulation may be used. One of skill in the art will appre 
ciate the wide variety of commercially available insulation 
products useful herein to achieve a desired temperature drop. 
0187. In a specific embodiment, an insulation layer is dis 
posed around a fuel cell and a processor in addition to a layer 
of insulation around the fuel cell system package. This dual 
insulation set further maintains heat in the heat generating 
components of the fuel cell system. 
0188 A fuel cell package may also include one or more air 
gaps in addition to insulation320. The gaps may be disposed 
between the insulation and package, between the insulation 
and the fuel cell or between the insulation and the fuel pro 
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cessor. A fan may move air through the gaps to facilitate heat 
dissipation away from a housing or Surface of the package. 

CONCLUSION 

(0189 While this invention has been described in terms of 
several preferred embodiments, there are alterations, permu 
tations, and equivalents that fall within the Scope of this 
invention which have been omitted for brevity's sake. For 
example, although the present invention has been described 
systems and methods operating on a fuel cell system and 
package, many of the methods and techniques described con 
stitute system controls and will comprise digital control 
applied by a processor that implements instructions from 
stored software. While not described in detail, implementa 
tion of Such digital control onto a mechanical system is well 
known to one of skill in the art and the present invention may 
thus relate to instructions stored in software capable of car 
rying out methods described herein. It is therefore intended 
that the scope of the invention should be determined with 
reference to the appended claims. 

What is claimed is: 
1. A fuel cell package for providing electrical energy, the 

fuel cell package comprising: 
a fuel processor that includes: 

a reformer configured to receive a fuel Source, config 
ured to output hydrogen, and including a catalyst that 
facilitates the production of hydrogen from the fuel 
Source, 

a heater configured to generate heat for transfer to the 
reformer; 

a fuel cell configured to generate electrical energy using 
hydrogen output by the fuel processor, and 

an interconnect disposed at least partially sandwiched 
between the fuel cell and the fuel processor and includ 
ing a set of conduits that each communicate a liquid or 
gas between the fuel processor and the fuel cell, wherein 
the interconnect serves as passive insulation for conduc 
tive heat transfer between the fuel cell and the fuel pro 
cessor, 

wherein the interconnect contains a side having a port, at 
least one flat portion, and at least one recessed area; 

wherein the side of the interconnect further contains at 
least one heightened portion and a top plate of the fuel 
cell contains at least one recessed area, and wherein the 
at least one heightened portion of the side of the inter 
connect is separated from the at least one recessed area 
of the top plate of the fuel cell by a gap. 

2. The fuel cell package of claim 1 wherein each conduit 
passes from one Surface of the interconnect to another Surface 
of the interconnect. 

3. The fuel cell package of claim 1 wherein the interconnect 
includes a hydrogen conduit that receives hydrogen from a 
hydrogen channel in the fuel processor and outputs the hydro 
gen to a hydrogen channel in the fuel cell. 

4. The fuel cell package of claim 1 wherein the interconnect 
includes an oxygen conduit that receives oxygen from an 
oxygen channel in the fuel cell and outputs the oxygen to an 
oxygen channel in the fuel processor. 

5. The fuel cell package of claim 1 wherein the interconnect 
includes a heating conduit that receives a heating medium 
from the fuel processor and outputs the heating medium to the 
fuel cell. 
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6. The fuel cell package of claim 1 wherein the interconnect 
includes a hydrogen return channel that receives unused 
hydrogen from the fuel cell and outputs the unused hydrogen 
to the fuel processor. 

7. A fuel cell package for providing electrical energy, the 
fuel cell package comprising: 

a fuel processor that includes 
a reformer having an interface portion that can connect 

to a fuel Source, and also having an output, the 
reformer including a catalyst that facilitates the pro 
duction of hydrogen from the fuel source, the 
reformed designed to expel the hydrogen through the 
output; 

a heater configured to generate heat for transfer to the 
reformer; 

a fuel cell configured to generate electrical energy using 
hydrogen output by the fuel processor, and 

an interconnect disposed at least partially sandwiched 
between the fuel cell and the fuel processor and includ 
ing a set of conduits that each communicate a liquid or 
gas between the fuel processor and the fuel cell, wherein 
the interconnect itself serves as passive insulation for 
conductive heat transfer between the fuel cell and the 
fuel processor by virtue of it being at least partially 
sandwiched between the fuel cell and the fuel processor. 

8. The fuel cell package of claim 7 wherein the interconnect 
is a separate piece from the fuel processor and from the fuel 
cell before assembly of the fuel cell package and attaches to 
the fuel processor and attaches to the fuel cell after assembly. 

9. The fuel cell package of claim 7 wherein the fuel cell 
includes a plate that couples to the interconnect, the plate 
including a set of channels that each open to a conduit 
included in the interconnect. 

10. The fuel cell package of claim 9 wherein the intercon 
nect includes mating features that contact the plate after the 
fuel cell package has been assembled. 

11. The fuel cell package of claim 10 wherein the mating 
reduces Surface area contact between the interconnect and the 
fuel cell relative to the amount of surface area contact 
between the interconnect and the fuel cell without the mating 
features. 

12. The fuel cell package of claim 11 further comprising a 
gasket disposed between the interconnect and the plate. 

13. The fuel cell package of claim 12 wherein the mating 
features on the interconnect include heightened features that 
prevent extrusion of the gasket into a conduit. 

14. A method for assembling a fuel cell package, the 
method comprising: 

providing a fuel processor that includes: 
a reformer having an interface portion that can connect 

to a fuel Source, and also having an output, the 
reformer including a catalyst that facilitates the pro 
duction of hydrogen from the fuel source, the 
reformed designed to expel the hydrogen through the 
output; 

a heater configured to generate heat for transfer to the 
reformer; 

providing a fuel cell configured to generate electrical 
energy using hydrogen output by the fuel processor; and 

connecting the fuel processor to the fuel cell using an 
interconnect partially sandwiched between the fuel cell 
and the fuel processor and including a set of conduits 
that each communicate a liquid or gas between the fuel 
processor and the fuel cell, wherein the interconnect 
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itself serves as passive insulation for conductive heat 
transfer between the fuel cell and the fuel processor by 
virtue of it being at least partially sandwiched between 
the fuel cell and the fuel processor. 

15. The method of claim 14, wherein liquids or gasses 
traveling from the fuel processor to the fuel cell travelina first 
direction from the fuel processor then in a second direction 
into a top plate of the fuel cell, wherein the first direction is 
perpendicular to the second direction. 

16. The method of claim 15, wherein liquids or gasses 
traveling from the fuel cell to the fuel processor travel in a 
third direction from the top plate of the fuel cell then in a 
fourth direction into the fuel processor, wherein the third 
direction is perpendicular to the fourth direction. 

17. A fuel cell package for providing electrical energy, the 
fuel cell package comprising: 

means for processing fuel, the means for processing fuel 
including: 
means for reforming the fuel by receiving a fuel source, 

using a catalyst to facilitate the production of hydro 
gen from the fuel Source, and outputting hydrogen; 
and 

means for generating heat transfer to the means for 
reforming; 
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means for generating electrical energy using hydrogen out 
put by the fuel processor; and 

means for interconnecting the means for processing and 
the means for generating, wherein the means for inter 
connecting is disposed at least partially sandwiched 
between the means for processing and the means for 
generating and acting as passive insulation for conduc 
tive heat transfer between the means for processing and 
means for generating. 

18. The fuel cell package of claim 17, wherein the means 
for interconnecting has a side having a port, at least one flat 
portion, and at least one recessed area; 

wherein the side of the means for interconnecting further 
contains at least one heightened portion and a top plate 
of the means for generating contains at least one 
recessed area, and wherein the at least one heightened 
portion of the side of the means for interconnecting is 
separated from the at least one recessed area of the top 
plate by a gap. 

19. The fuel cell package of claim 18, wherein the gap is 
filled with insulation. 

20. The fuel cell package of claim 18, wherein the gap is 
empty. 


