FUEL CELL SYSTEM CROSS REFERENCE TO OTHER APPLI CATI ONS [ 0001] Thi s
application clains priority to U.S. Provisional Patent Application No.

61/ 259, 68500bit@H4s8y Docket No. PSPI PO01+) entitl ed FUEpcEHIskobhlobads
Novenber 10, 2009 which is incorporated herein by reference for all

pur poses. BACKGROUND OF THE | NVENTI ON [ 0002] To generate an el ectrical
current, a fuel cell typically needs at |east oxygen and fuel. O tentines
the fuel is a gas (e.g., hydrogen and nethane) or a liquid (e.g., nethanol,
et hanol, dinethyl ether, gasolHUEL (EELL)SYSHEMe systemis designed for
refined gaseous or liquid fuels. Refined fuels are nore expensive than raw
or unprocessed fu S bbb | N to the cost.
Ref i ned fuel s al S;eég 7 W%@ﬁ;ﬁg@xéa ERAPRETCR f@ﬂfs nce the fuel
cell must be resupplied with the processed fuel, which is not always

readi |y avid#llhbl e. Fovyapphicatipn daims prigyitod).BePrenifigriabRetent AppliggtéiondNot uel cel |
system in 4n36e8s@islRy Pocl-ERBIIBPRIEAS efitRRE FUED S EL EfridyadhEMBdr 15uSt  be
brought out to these renote | ocations. In sone cases there nmay be no road,
the road m¥(? waich is infemorasesgrein kyreferspeetforealldurpaseshe ot her factors
restricting the transport of processed fuels (e.g., border crossings,

bandits, etc.). It woul BABKGEROUND OR THICRYSVENTEONf uel cell systens
which are not limted to refined gaseous or li1quid fuels. Such fuel cell

syst ens cheaper to operate and/or_may be.used in ny _nmore | ocations
conpar od THIBF oy °Ftiatentrde AP 5@k ReEs ot BRI DS el R Bk A s
[ 0003] Var ifoels Oferbincks rhedited isafgat (eez.,ihpdregeniandhimethaelloradiqosidel gl methlrel,f ol | owi ng
detailed d i pLi a i dr aw ngs. 0Q4lFigure 1 is a
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liquid fuels. Refined fuels are more expensive than raw or unprocessed fuels because the

purification process adds to the cost. Refined fuels also limit the usage of a fuel cell system
since the fuel cell must be resupplied with the processed fuel, which is not always readily
available. For example, it would be difficult to use a fuel cell system in inaccessible or
remote areas since the refined fuel must be brought out to these remote locations. In some
cases there may be no road, the road may be in poor condition, or there may be other factors
restricting the transport of processed fuels (e.g., border crossings, bandits, etc.). It would be
desirable to develop new fuel cell systems which are not limited to refined gaseous or liquid
fuels. Such fuel cell systems may be cheaper to operate and/or may be used in many more

locations compared to other fuel cell systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Various embodiments of the invention are disclosed in the following detailed

description and the accompanying drawings.

[0004] Figure 1 is a diagram showing an embodiment of a fuel cell system capable of

operating on solid fuels and generating electrical power.

[0005] Figure 2 is a flowchart illustrating an embodiment of a process for building a

fuel cell system which is able to operate using solid and/or unrefined fuel.



operating on solid fuels and generating electrical power. [0005]Figure 2 is
a flowhart illustrating an enbodi nent of a process for building a fuel

cell systwonehiostuess abl e to operate using solid and/ or pamrustemw@csbaiel . WO
2011/ 059468PCT/ US2010/ 002406 [ 0006] Figure 3A is a di agram show ng sone
enbodi nents of fuel cells attached to a fuel storage container in a

per manent manner. [0007]Figure 3B is a diagram show ng sone enbodi nents of
fuel cel | sl08@61 achedFiguse 3A fisrediagrary slyéngsome ermbprdiments of fuebertly attackedrimmner .

[ 0008] Fi gugg st%rajgéc@tme??{aaﬂarﬁmmxﬂﬂmépm enbodi ments of attaching an
el ectrical connection (for exanple a wire) to a fuel cell.

[0007] Figure 3B is a diagram showing some embodiments of fuel cells attached to a

fuel storage container in a removable manner.

[0008] Figure 4 is a diagram showing some embodiments of attaching an electrical

connection (for example a wire) to a fuel cell.
[0009}] Figure S is a diagram showing some embodiments of lids.

[0010] Figures 6A and 6B are diagrams showing some embodiments of two fuel cells

connected together in a fuel cell system.

[0011] Figure 7 is a diagram showing an embodiment of a fuel cell system with a

removable fuel cell card.

[0012] Figure 8 is a diagram showing an embodiment of a cylindrical fuel storage
container.
[0013] Figure 9 is a diagram showing an embodiment of a fuel storage container in

the shape of concentric cylinders.

DETAILED DESCRIPTION

[0014] The invention can be implemented in numerous ways, including as a process;
an apparatus; a system; and/or a composition of matter. In this specification, these
implementations, or any other form that the invention may take, may be referred to as
techniques. In general, the order of the steps of disclosed processes may be altered within the
scope of the invention. Unless stated otherwise, a component described as being configured
to perform a task may be implemented as a general component that is temporarily configured
to perform the task at a given time or a specific component that is manufactured to perform

the task.

[0015] A detailed description of one or more embodiments of the invention is
provided below along with accompanying figures that illustrate the principles of the
invention. The invention is described in connection with such embodiments, but the

invention is not limited to any embodiment. The scope of the invention is limited only by the



[ 0009] Figure 5 is a diagram showi ng sone enbodi nents of lids. [0010] Fi gures
6A and 6B are di agranms showi ng sone enbodi nents of two fuel cells connected
t oget her wo 2a11foselescel | system [0011]Figure 7 is a di agcanssiowings an
enbodi ment of a fuel cell systemw th a renovable fuel cell card.

[0012] Figure 8 is a diagram showi ng an enbodi nent of a cylindrical fuel
storage container. [0013]Figure 9 is a diagram show ng an enbodi nent of a
fuel st or agemeamtthé meantipmertchmpastra pemabusaticrosives, modidigationdend squiBiensl LED
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g thorough understandmg of the invention. These details are provided for the purpose of

example and the invention may be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical material that is known in the
technical fields related to the invention has not been described in detail so that the invention

is not unnecessarily obscured.

[0016] Figure 1 is a diagram showing an embodiment of a fuel cell system capable of
operating on solid fuels and generating electrical power. In various embodiments, a fuel cell
system can be various sizes or dimensions. In some cases, a fuel cell system is a relatively
small device (e.g., 10 cm % 6 cm x 2.5 cm) and the fuel cell system is designed to power a
relatively small load (e.g., an LED light or a cell phone). In some embodiments, a fuel cell
system is a relatively large device (e.g., on the order of 10’s to 100’s of centimeters) and the
fuel cell system is configured to power a relatively large load (e.g., a house). In the example
shown, fuel cell system 100 includes fuel storage container 102. The fuel storage container
has an inside and an outside. The fuel storage container is configured to allow heat from a
heat source on the outside of the container to be conducted into the container. The heat
source can be from a combustion process, such as burning biomass or fossil fuels (in an open
fire, cookstove, combustion chamber, combustion engine, or other means), or from any other
means including concentrated solar or waste heat from nuclear reactions. The fuel 104
inside the fuel storage container is heated by the heat source and provides energy for
reactions occurring in the container. The heat also brings the fuel cell to the necessary

operating temperature for the thermally activated electrochemical processes.

[0017] In some embodiments, fuel 104 is loaded into fuel storage container 102 in
batches (e.g., as opposed to continuously). For example, if fuel 104 is a solid fuel then a
batch of solid fuel may be added and the next batch is added when fuel 104 has been at least
partially consumed. In some embodiments, fuel 104 is solid fuel and is biomass (biological
material derived from living, or recently living organisms, such plant materials and animal
waste), such as wood, straw, rice hulls, grass, charcoal, or solid waste (human or animal) or is
derived from biomass, such as paper. Coal or other fossil fuels can also be used. In some
embodiments, a liquid is added to the solid fuel to act as a carrier by mixing a powder or

other relatively small solids (e.g., carbon fines such as charcoal dust) with a liquid (such as



an apparatus; a system and/or a conposition of matter. In this
specification, these inplenentations, or any other formthat the invention
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1001811 n this particul ar exanple, fuel storage container 102 is cube-like
but any shape can be used including (but not limted to) polyhedra,

rect angulwo 2privsmesspheri cal , cylindrical, or conical. ARctrhusagh/omme shown
in this exanple, a fuel storage container in some enbodi nents includes one
or nore openings in which fuel is |oaded into fuel storage container 102.

I n sone enbodi nents, fuel storage container 102 has a lid; in sone other
embodi ment ipeert. {b¢ metelsrenget ictyRicallyrrerounarperferalef ¢ allpw gavirgese BRI nent s, t he
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typically provide nore electrical power at a given operating tenperature,
or simlar power at a | ower operating tenperature, than fuel cells with a
thicker electrolyte. In sone enbodinents, there is a protective |ayer over
t he anode and anot her protective |ayer”over the cathode of a fuel cell. Put
anot her way, in sone enbodinents there is an additional exterior |ayer
covering the cathode and/ or anode which are not shown in this figure. In
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failure or emergency response situations. In sonme cases, people live "off
the grid" and nust generate their own power. In sone enbodi nents, the fuel
cell systwons/sssd to power televisions, refrigeratorspCcratsesiopor4di ers,
lights, batteries, and other electrical devices in a hone that is "off the
grid.” In another exanple application, the fuel cell system described
herein is used as an energency device when the power ?oes out. It can be
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or little electrical current produced by the fuel cell system Such sw ngs
In te”peratoﬂizz may fék‘%ﬁe%o%% @Q%%Jl#d% on€ §d ne&%@l&%fd%emomﬁe&t (GHES or in
the hot ai gi on anes heat source. In sone
ermbodi ment Bor exdmepld; gampepsovail] often Ikainioda aree garrying aflipé thsi sepplicsrad Bavifgte| as t hat

wWhi ch i's putryighdeBus o‘r'ﬁllux@h@f(@}%aﬁﬁﬂtl’@é\}?%etg{%malﬁéﬁ) o HerrdiV@bul§Bd | system
100 may be néstled in a fire created bur ni ng charcoal and the sane type

of fuel (iingonvenigphrladesp 5‘3VF§’P‘iﬁﬁ°u‘i"H?Soa°F%FéF° refinsd Jusb We A passverely fidteds £ uel
104. In sooRe &hmbfﬁshsedwmps&an ddsbr@vell Uatis iaha udﬂef’lﬁéﬂraﬂ%r sofi@fueRXadd e, cow

dung nmay be into f r nt ai ner . 104 d fuel cell
system 100”*@ 13§P™§ ek Hnef‘fsr??} ?‘g&‘ff‘g’d h?rh"ﬁgi’ﬂﬁra OHpass ﬁl'n'b?.ﬁfst ove is a
COMDN SOUthe Benefit di®eitig teadndemalasbreltmgmcpetsrot pdopls liaing it less dfeutekbpededeils syst em nmay
be operablg atta I]edh 1@4&}] N PLount e d tcgw e clﬁgto e, 0L10024] In
some embodi r%eetxampgsdrr% or ugﬂa?an oraﬁ' ACONpORENT S "R SY ‘are coat ed,

f or exanpl grassj tal, taaslcerlamociuctsglegssge cmcorglhasks -pepar aotd fpod@@ra); alg:g:,sblnaasor all of
the conpongmt.s, ¢4 ?&?&.@%&90 o Hhis' Y rb%%%cthﬁ SinteHi8RIe Psoycfe f%tsh!{aﬁna%[] the
conponents, prevent “unwant ed intera t| ons between t

conponent , haanampﬂeowu@ fegiprip perabareigo pberkpower gehesatipai¢chpiquesies.cymingig may

al so preveﬁgsusfmsrarcealf%%atdwgvaﬁa%mﬁaoasms&nt metal conponents. [0025]In
sone enbodi nents, an outer netal sleeve is designed to fit around fuel
storage container 102 and fuel cell 106 and protect the system Such a
netal sleeve permts heat to pass through it to the fuel cell system but
prevents damage to fuel storage contaiper 102 and fuel cell 106. For
exanple, in a large fire, large |ogs y be tossed into the fire or soneone
may use a metal poker to stir a fire and either of these could damage the
fuel storage container and/or the fuel cell.




[0026] Figure 2 is a flowhart illustrating an enbodi nent of a process for
building a fuel cell systemwhich is able to operate using solid and/or

unr ef i nedwburel1/05868200 it is determined if there is a neeu/useopooniess a
fuel storage container at a fuel cell region. As used herein, the fuel cell
region is the portion of a fuel storage container that is connected to or
in the vicinity of a fuel cell. In sone enbodi nents, a fuel storage

cont ai ner 0823lmnuf dosemeembadirngnts fhed eelbsystery 10Grests ('I@ng” is nggled Withinghn, or
stanped t Opeh@VEsolild Rie ARSIk SENY R &urclaol:ﬁ%xan%lfgﬂ)e f@cél@gteﬁmy%@&h@qe of the

fuel cell has exposure to air or so th anode has suffjcient exposure

to the fueleneayfirsprundsd byiveset gefopof b?tag?és leaﬁf%leﬁéFlor('we&a@Fﬂme%av%ﬁUﬁ how t he

fuel cell s ncaama@tmq frré)omleerBéheLousae%agg@,ulcmtrahmry)oondtm teaipera@ider
enbodi nents, a fu torage contai ner i s .manuf act vvltho hol es or
Rl W enga G

vents and %8 2pRIig O WHERIN AU reilEdR sieag eh @iy SEess S8 T8 Bt e t he
desired fordmtively ldrge swengd @i @inperaec nady, ﬁﬂ&ahbl&,treﬂlt@xﬁ:ﬁéiﬁdﬂ@hdréithé}eMd t hen at

202 a fuel ont ai ner 0 fue cell region.
S ox ot SRR S0t Profured bRl BT S R Shoftin Rl ShrERat 1 7oLy
connect i onscamheatht Ached! sy gierh lisein fhgdlameedrlin thé h@ @B reM(n @xabnyH the flanek] r st

el ectri cal 0 trical
connecti on f%glgﬂg&tr%ﬁell dgggyte%%f)wegtg% eltup% 9&8 g%!?érllgléa essglgﬁﬁgcﬁfgﬂs in turn
connect t has tlfawhlclmelpbt igtpdped stotage epnla(lmd1%IFPmagHe,efvelt0HéSY§ﬁemé 0¢ may el ectri cal
connect i o, affed fd € Bietled BE EniREhaRGaIAY O AAARIREIPHL. sl Isthy Of

mat eri al s and techni ques Hﬁﬁ be Used to attach el ectrical connections
to the fuentods ptoragaypataingh HHiasiel L04a dnsameother gehpdimentsythe figls atfet ai | bel ow.

In some enhgdiierérexarPIe @W@@h}&&%t M@Ifu&@tbﬂagé SonBkRE 102 S alel yoagaanected to
t he fuel storaige cont ai ner_ (i brazi ng electrlcalgra
y

conduct i velle &glf system 189 gsyput infp %fHF gre&ta%by li%ngeqhére?aﬂ. éa‘EP"‘@E?H?]EétCP‘BWO

directly cookaetheithabevslopg 0buntrite afdihé fusiekll sysm m@ybe@ptraiifatkdcedpe att ached
to the fuell %ora e contajiner. [0028] At 204, the fuel cell with the

el ectricalP¥8 Wﬁlbl iBAOPELPPLLHEE 0 the fuel storage container. In some
enbodi nents, a fuel cell is first attached to another material or surface
(e.g., a n@®%l nesHnevms¢rekadimenisdsormisenalt ofshaemepieats impystemtIR@afeyel cell is

attaChed t(Qatt:Jf'%r eHﬁJ\pl&@ltﬂa@fQ%l@' ARE -or bRssSOARIEC TRAGHBAE Sy alf d¥ehef Uel cel | is
attached to a fuel storage container In a renovable manner. This is

desi rabl e OMPRIHE IyBEMARP Fasriacredsnbe useRble [ilstime PhthnmcaPorenfhereYsiel cel | wil |

decr ease vunnvlambtsﬁteadaﬁbr@naéta@m th@ fieh@d ieRbmpaileht, and paovﬁcemwghlamagmner pernmts
an old fueh‘ﬁv]cg f‘éﬁ be. re aced with a n use the cost of

the fuel Cé{?W ﬁﬂrﬁvefﬁé'ﬁﬁ‘a?réﬂ“%bef‘ﬁ% Fg'g‘%e“‘o’f‘et@he fuel cell

system orcobpasuse t he fuel cell systemis |large, heavy, or otherw se
difficult to nove). In sone enbodinents, a fuel cell is attached to a fuel

storage Ccogg|ner i sdndPGhiBanAts, SIS netal eeSis Re£EROW ATBRLS4 ke fuel cell
system may be di sposable and is di scarded once the fuel cell is exhausted.

| n var i ousstassasGent#agstl 92 ang fyel cplbiqp a9 protsetihs yyeres R it slgeNreiny s

material s RAAS Phss m?d'ugmli@%e FRY cdlQy #&E ButlpRevahd Bfgdio ke btofagd éontatr@r a fuel
storage container (including permanently if desired). Sone odi nents are

descri bed 04 2rqfuelisel) 100=EQT eXapRleg\n, 2 large fire, large logs may be tossed into the ire or
someone may use a metal poker to stir a fire and either of these could damage the fuel storage

container and/or the fuel cell.

[0026] Figure 2 is a flowchart itlustrating an embodiment of a process for building a
fuel cell system which is able to operate using solid and/or unrefined fuel. At 200 it is
determined if there is a need to process a fuel storage container at a fuel cell region. As used

herein, the fuel cell region is the portion of a fuel storage container that is connected to or in



[ 0029] At 206 it is determined whether a lid needs to be attached. In sone
enbodi nents, a fuel cell systemhas no lid and there is no need to attach a
lid. For weammlmssone fuel cell systens nmay be desi gne@ctrassdiand4upri ght
inthe mddle of a fire (e.g., nestled within the wood or charcoal of the
fire) and no lid is necessary to prevent the fuel fromfalling out of the
fuel storage container. In some other enbodiments, a fuel cell systemhas a
lid but thievishitapfrefelicgll.naserhaenbadieentya belisiorage sentavarissnanufabtuteén | i d

al ready at harfedary Fth (@?afﬂg! Brawh br $QMBe AT RALIHERLiRd vBnt) AY1edVeich s¢unfh nged i d
(e.g., simlar toa mnt tin) is used as the fuel storage container and the
box al r ead{e eahade ofihe fuck sl hi‘ﬁ fPesutede e, so 3t Be arade bansuicispisrrostgde f uel cel |

i s attachegle fuel @nii RNk %enﬁ&a@rcomaﬁeﬂ (egeidingd updn hdl; tReRMcelds 1 1d 1's
attached to the contg} ner at 208. The sgﬂgl fi echni ?@??tused to attach the
I

lid may vaf¥"Heer P ebsé‘f"t‘geccﬂi‘%'f‘er i 18 serBe e BRI RR ST Prage WP@ingiescr i bed
in furtheris dﬁhmdturae\lvmww }[&Haw}datsgma the s § stSrage @hAapeaitednond focesRi®

enbodi ment s hed stora nt ai_n in.a

per manent Crrr%agntger: ges'lredcfer If% mrr@ﬁ%astzaq {?at F%r"CSﬁHﬁgd%éeSgegﬁ‘b%ﬂﬁ %Jr:zé?1 fJﬁ%ed at
step 204 oftorégegamtaind it momdlﬁamedﬁdeat dfuwshwsl adgiop. Soet exaelples giwlstlens. For
clarity, s sof a fuel cell system(e.g., electrical

| eads) ar e&%g%tdﬂ%gﬁﬁgﬁg@%l? agram 350 shovvs a fuel cell (300) attached to
a fuel storage container using seal ant I n various enbodi nents,
various ceP¥flc or frade! wansefing aratiarhe Fosth%lff“é' g4 &P03 s Firtexaple. pifkd BI ock

Seal ant FEBeld@falai@ctidh mdyl beGlehRS to&a@éﬂoaganﬂatswoh@élscm@d@nlaééu&mgt te SEM COM
Ker af ol and %dhers cera clcont ai ni ng adhesi ves apd pot conpounds and
others fr off'%Idng c3taqden IacelesltcalanRss "5%‘2‘“’5%?8“@6%‘;‘]6 f“éocf Sﬁeﬁ‘sto 2and ot hers.
Such mat er loal (8lthoagh dmﬁaeahrtertas:éleccw&ahﬁﬁm&mshhayaoaécethémgggde adldadar e able to
\éml’]';)(l;glt ﬁgﬁtcrsog e% e(tje% %ilpl%{xn?wa%rl%ﬁ%%% Qllpqﬁeas m215 be USC% tO al%a?"l tlﬁaﬁlfé%rl la'l nfguell nCZFerE
300 to fuaonm@mgethcﬁnt@ilmmesmﬁochmdﬂsoare ﬂmsnbtehm fehmuetmb@dlomﬂmmrety of

el ectri cal {yolinshl aht I ai ner 302.
I n such en% gleenlts 3’ g_? %ﬁfs?eeg %gﬁls%!)gﬁ T gsn‘y zf%hhghg%?rt#ecé]ggfofrﬂ%gP&]'?agl%; f uel
storage colihe-&Y meldingoraziea, plactrienly senduetive beatant; piehIn bissesadhe olctrisalt he anode. In
such embodiohRRfich mwgaf@ctﬁ,%h@a&hae% dfSheAllel RLIEGE .t}.hﬁ@dnomwysﬁa%ed gl storage
cont ai ner 302 woul d be i'n electrical contact wth the anode. In this case,
el ect ri cal TUf 9ER&® FAAMHI ng el ectrical connection to t he anode may be
attached to the fueI storage container 302, rather than directly to the
anode. | n [0628 enbosti2@trbesiueltchle witk tHe eBOBicdl Sonmedtdeds atthehad @dhe foel ot her wi se
joined to t h n r por ous or
ot herw se S?\%fgeﬁgﬁ%%%l g{ﬁg]gaﬁg%rﬁ%ﬁsggglee?%ﬁdse%mta%ta%hgpj a(I)llBtrl%?r nga?eélaaﬁ(fro i nprove
the seal . O@234-rr méthignasik ambbes) and ten el matasial withethé (el cell ixattaghed ohe ai ner has
a hole or gpeni QY. ths&%{e é‘mmnﬁﬁts tn@'ﬂlelfcgﬁaks dnkd %QiQ“uelIJaﬁagQQAnﬁldzpy be
formed after the container is manufactured (e.g., by cufting it out,

punchi ng, 8¢ &wavaRle manrer. | Thisgs desireblg ingpme pplieagansainee the perjorpancrrhtie act ur ed

with the hﬁélQel(\ﬁlllgieereng’wﬁﬁ-ﬁidaﬂﬁlatta%ﬁl %mem &l 11@5?6Mon%léﬁ1aﬂn@rm%ﬁ hole). In
this exanpl 0.js attached to the outside of the cont ai ner

with the c%f ‘?‘fslcféﬁfO WCS%V%?H?V%'&%E“&‘HBH’@ cpsh el g et UE'a &bt hough
sone exar’rpslrrﬁlld@ﬁ;fafddb@ﬁeMt’ﬁltlﬁ’e ma;celsﬁ@maorfwausaﬁé fueldel] agshadis taggel he | nsi de

(outside) of a cont ai.ner el cel . be attached to the
but st de- (i REp aotepist FHRATGTBREE A Sorie ropiiens % PP eBtb8F Bgr am 351
shows a f welrage eédtalnqesﬁ)ﬁ) pearhingsteahngro I ueh emisidtheenaf tha fifeliell sgdant mgebe

disposable and is discarded once the fuel cell is exhausted. In various embodiments, a variety

of techniques (including various materials and/or hardware) may be used to attach a fuel cell



container with the cathode of the fuel cell facing outwards and the anode
facing inwards. In this exanple, the fuel cell region of container 302 has
ai r vent swothae/mbsesvent s may be created after manufact urcmgisbyioporacs uri ng
or cutting, or during the manufacturing process itself. In sone other
configurations, the vents nmay be referred to as "fuel vents" because the
vents permt fuel to pass to the anode of the fuel cell (as opposed to

per mi t t i ngtodifyel slerapaeantaingr (iprduding RegeRseBl it dreirgly Jomeembpdimewoae] Di agr am 352
shows fuel dGalved 300t tashsgow 0 fuel storage container 302 using nesh 306.
In sonme enbodi ments, the mesh is porous and permts fuel to reach the anode

of fuel ce 00 fr he i,nsi de ,of 0 e i er 302. I n sone
enbodi nent E’bzyﬁhe meg 0|t6slt'<§;1dés1 o évshgtfheértaelléilneecfs§l a '}1 9 R8P 300 series or

Al SI 400 sentodenestsad ﬁubl@sssysteseﬂa} no lighargicimege lapp)heedm attacisa lids t Boe kxangplean
attractiveg

enpor at ur Stk EntB b RARSDsaidlg ok b SO BB T MM pown
her ei n ar evitgp élleyvoe&emljhla@%} oéﬁhdﬁmyndb@ liddmsiceseady @@r@estltheemel flror exanple, in

some e”b()dfaﬁi‘ﬁ@t)ﬁ’ofﬁle?&%t@ﬂ%e éoatauéfeqn%&n@&ﬂe@@mbémémscshlel c’eﬂgygt&n pRSh 306
and/or to attach nmesh 306 to container 302. [O ure 3B 1s a diagram

showi ng s olikbus s Gentatass s facyesd of piheryis comsEE ﬂt‘f‘ohcbﬁ%ﬁt%fé/l attgghgg. a‘fﬁ cont ai ner
ina renova@lnslenﬁw@eremﬂoam&aﬁea XA ARk SIid (fefge sﬁﬁﬁhﬂlamﬁﬁmﬁmm Are used

at step 204 of ure 2 to facture fuel ens Wi th replaceabl e
fuel cellst e'%ﬁ'i sgor ‘H%‘“ﬁ@gﬁ'ﬁEP’éalfeﬁdys‘i?FPés ﬁlbﬁ‘FEQtae/a&H‘? Beed¥fse of cost

and/ or por erﬁﬁnmlmemy t}reefaa o¢lbis @Rached in a b@tabiembrtier inded therd.| Ifaaedf £ ik S heavy,

bul ky and/ clarit onents, of a fuel cell system
(e.g., elet a?hleca t ec %ﬁne{ ?@R%)héf’ Sge%%‘itec H‘SW“SQ%)@Gg oS Qﬂ'ﬁ?ﬁ‘?@@w ows f uel
cell 300 atht mthtedartubuied;eﬂomstemnagsehdscawtcmcnbed iB Qi2thersderadj bslowde i n hol der 308.
In various enbodi nents, slide in holder 308 is attached to container 302

using a vappsyy of xfr%xr@msl Sdidsh Howh BGBRL BHERimEHIT ARF e bR o §€2l ant ,
etc. In anopther enb ment, the holder may be fabricated fromthe sane body

as the fuellelSiopesERNtaiRsH inA Premaneptypangsss hjoge S berimeith ghe teshpigyes sBEWNSt anpi ng,
etc. In thge @é@ﬁmteg 26h@ﬁ/ﬂ1gurmtdiﬁinu?a%rdcﬁspadablameelantss)st&rh@ FHtIgdigle Of

cont ai ner 302 § ﬁolll S i n ert r?ﬁﬁﬂgshe hol der with the

cat hode fatlig" STU%OMP'E??S&%G Fhe a??‘n%‘a‘é %aé ﬁtfj‘c‘i YA€ o oWRi 5 exanpl e, the

fuel cell region of container 302 has a hole slightly smaller than fuel
cel | 300. B®1{escr iBegrami3dyshowshdud extl{Bi0) atesheitoafiel soragreconfagerwsimgnay be

conbi ned as%alQﬁ?ﬂOﬁ?Oin vEifus %m&ns arld éi?arﬂlporgk%sg%hmatgﬁls% ef@'e&]ed with

air vents(asdl_pose to a hole as shown in 3 /or the slide in hol der
1

may be at tiehasalifed3lprkeSeplant Ffel 36rmade Ay AYngless sebng materinhpynadedy Sehatthe out si de

as shown iSENSGM, Kerafol and others; ceramic-containing adhesives and potting compounds and
others from Aremco (such as Ceramabond 552 and 503), Cotronics, and others. Such
materials may be attractive because they are rugged and are able to withstand repeated
thermal and mechanical shocks without failing. In some embodiments, the sealant has the
physical property of adhering fuel cell 300 to fuel storage container 302 and/or has the
electrical property of electrically insulating the anode side of fuel cell 300 from container
302. In such embodiments where sealant 304 is an electrical insulator, fuel storage container
302 would not be in electrical contact with the anode. In such embodiments where sealant
304 is an electrical conductor, fuel storage container 302 would be in electrical contact with
the anode. In this case, electrical leads providing electrical connection to the anode may be
attached to the fuel storage container 302, rather than directly to the anode. In some

embodiments, the cell 300 is welded, brazed, or otherwise joined to the fuel storage container



[0038] I n sone enbodi nents, slide in holder 308 is manufactured so that
there is sone gap between fuel cell 300 and slide in holder 308. This may
permt easoaviossssti on of a fuel cell and/or prevent treTfusediomelsbe and/ or
hol der from bei ng danaged because of scraping. In sonme enbodi ments, the gap
is partially or conpletely filled with an electrical insulator, such as
ceram c wool or insulating sealant, to prevent short-circuiting between the
anode and 8%t Kdwdoiptareatiepcreusior ethervisg 0ot hefnpUSSEatinamenhe B9 toimisinf uel cel |
300 attachgeh sl fgr 302 using nuts and bolts 310. In this exanple,
the nut is a wing nut which permts the nut to be easily tightened or

I d. I f 0 d.t

et col | BBEI"S"Y: Bifbis kot e S5 el Br Sl Tars e e e d0n S
fireproof mnte/rsnallentmnds@deltmOc radhhadamhyied fooed [aiGQK: ®@otainkas t he har dwar e
does not d%%@a%tuk{&?ﬁ% I%J cuﬁ\%lg it oul: %ﬂr&c%)%g@am&;’inéudrgf??ghgtgzgrl'{ et:éorr]]% heat

resi stant materi es o infe ef cell 300
wher e nut sbeamahufaetiited “@-m@ﬂe\mlﬂ(dg bk eastingnitaneingnr devmangntitothhe: adle)r b f uel cel |)

and then tfig ef(d-ﬁﬁJle @d%l éeulseo s aﬁa&{emnhmtsm%meb&tﬁﬁ&%n cgtﬂ i ner 302

using nuts and bolts 310. In sone other enbodi nents, ot r war e
f ast eners %‘l&%dsa?é‘d%ra% facjigdpwgrds. Altheugh sgine gxample q?wbwemax frowddi ti on

to or as apfaldeEiata b &eﬁrﬁ@le'&ﬁﬁs@d@[ﬁa t%QQWthe Ldht 308 erbadhaent s, an
el ectrical ins such as ceram c wool  or insulating seal ant IS

ul a
i nserted b‘ﬁ%@@gﬁ"i‘%@t%‘&r(ﬂw&)@f&ﬁ%ﬂ fla@pe wakiners@etiisd.pr event short-circuiting
bet ween the anode and cat hode of the fuel cell 300. The insul ator may

cont act bol0p33 he ari@idgaraﬁdl stmivs o dige) c@lc(?»@(])aﬂtachddeo fhadiside of 4 fu8Dforage | sol at ed
fromthe f#&ﬁ am§xI IEhatggc glﬁ) gftﬂggulell c%[l fa%ﬂll t?vqgis %1 gno nf% Sgﬁwarcga hOde SO

that one electrode 1s ctric confr ordge cont ai ner .
[ 0040] Sl i diéisiexantpd, the fueBod! regien @prstalaﬁrcﬁobb%tay vsms) Breenrsygmtemey(mm@ of

har dwar e. a‘%@m%ar&?éa%ng%ﬂ%ﬂ%ﬁﬁné) r&%QW@H&%%‘nlruilﬁfa&@}dgspmc%gsﬂém InCI i ps,

springs, and | atches ure i's agram show ng sone enbodi nent s
of attach.%?gleawewé%wqt@aq ﬂ@dﬁrﬁé@@y bhrefefred to@x AfiplIventy’ hekaugs the venss f uel cel | .

I n sonme enh@fit feNnb pass td8e hRAOHH ARSI RN QMIpRL& 1b p&ehitBhg it BPad@3 kN Figure 2.
For sinplici tXeofﬂgafﬂelc 450 and 452 are shown with fuel cell 300 attached

directly oY cont ai ner 302. The techni ques shown here may be
conbi ned with other techniques described herein (e.g., attaching a fuel
cell on thi8034hsi de Dpgram @S enwaiusbes]] b vitacpdas fuehstmags comsin@dd2 afinga si ngl e

hol e, usi NG5 88, ANLorR\HIBBinRnIEROMES i85dr@EAnd Rfnfdiali (& Rhdn thParbliEorcONt @i ner,
etc.). [004625] I n di a%r am 451 ,n ecrtnrs}l(?lcgglllE con%e‘%?[lnons A‘ % arte attached to the
cat hode antyel cell 300 from the inside of fuel storage container 302. In some embodiments, the mesh

is a stainless steel mesh (e.g., AISI 300 series or AISI 400 series stainless steel). In some
applications, steel is an attractive material to use in a mesh since it can tolerate high

temperatures and can withstand rough handling.

[0035] The examples shown herein are merely exemplary and may be combined as
desired. For example, in some embodiments, a sealant is used to attach fuel cell 300 to mesh

306 and/or to attach mesh 306 to container 302.

[0036] Figure 3B is a diagram showing some embodiments of fuel cells attached to a
fuel storage container in a removable manner. In some embodiments, the techniques shown
are used at step 204 of Figure 2 to manufacture fuel cell systems with replaceable fuel cells.

This may be desirable in some applications because of cost and/or portability reasons (e.g.,

10



anode of fuel cell 400 by weld 406. In sone enbodi nents, the electrical
connections are connected to the fuel cell before fuel cell 400 is attached
t o cont aiwenrotidRo4eBn vari ous enbodi nents, electrical coroeaiscanso2ifsl nay be
wel ded directly to fuel cell 400 or via one or nore internmedi ary conmponents
that provide an electrical connection to fuel cell 400. [0043] Away from

wel d 406, the electrical connections are each attached respectively to a
nut / bol t phecaus¢ he8le! ¢l speénm g hervapipdky aad/oLaxdensive). Sloaelirity.|snme ormepoeeritodi nent s,
at |east ogg i o4 stErﬂlé.g. él%tr&g%ﬁ%c%ngﬂr@ﬁbt%o%t“ cal insulator (to
prevent electrica such as & ceramc, dl ass or sealant prior to
wrappi ng an el ectrical caonnectign arg I n such enbodi nents, the

ot her bol tloﬂg)} be slpﬁglla’é‘r:’IS?/SlE’dvétf‘é"&ic%lr %pétfatcpetﬁlﬁ?:gﬁi BeasepEgptaBe 0P 4308 nut s and
bolts 408 ilide tnhhoklef 3 3oguur9vaab@s eSrhﬁWﬂleﬁ)tlﬁl,&h@ehﬁ\heldérBGS atahedhed fortomeinerab2 ty, nuts

d bolts 408 limt t ,
Colat i ve. t BTEANH S RUPREEE R Foie SEh et Futal AR sE B cert) i
sonme ot hererﬂwbmdnmamslderoﬁdye:e favaicdwbfren the sdmedndp av tbe\Bie] snaadespntsihards, pi ns,
tab or e I nst ead of
nut: and b%%amg%%élagfv lrlrfsghgr nté‘fq'é%? E,ﬁ %%oﬁénég%%ao%% Sﬂg\gp%ﬁy ‘ﬂ%sol bz wel ded,
brazed, oratietheetoihseut§ids qfeelntdnqréez ing fueh cel 90 figjesertsd mroag@hmwah ther 402.

Thi s is esgpgglidfalivg ARGt arfdftheteﬂgdeff'a'&rlng lﬁ%hs & tﬂlpequngfettm e el AUACt Wi th
t he fuel storage contalner 402 by neans of raze, electrically

conduct i veofsanaing302 haé@thahusb%htly coAkethen B! ceBt380 Asggscribed above, the
2011/ 0594 6@RGiH1AISRAHDM QAL s MO 44 Edribindt agae@mdélﬁr%r e@hgRl 4 diaaln Horlect i ons

404 are attached to fuel cell 400 by, appl seal ant 412 over the

el ect ri cal ™YORFFREPINEhWihYT Yaris <%Sa&pﬁ<a§a%t°aw° ﬁ‘é WnAR 333 ang/oy dheshiflerigo,

el ectri cal hotRPMRCHS MAached Ah@insidybfapmeidera0D (H dppddddto @r@uidiak bsshddRidout i n
this exarrp#g one of the nut and bolt pairs is inserted fromthe inside of
the contaitét towards the outside. After wrapping el ectrical connection 404
around shank of the bolt, a seal ant 418% is applied over the head of the
bolt. [0048938kcuri ng seme embadimantsadlide orinlsier 106 s manudistynd shéhattheremmy be

desirabl e fge w&tﬁ&mep&mb@ AR dPinGl1dB08, ThiE lna§ Sérlmt%){sﬁér%rwn bihe
el ectrical connection; attaching the el ectrical connections in a secure

manner mayfUgEeliang/or arsvent the fyeherl anar hplder frem heiag dampagedbesanee of SBBBEFI gure 5

is adi agrla@mmmoagneﬁ@rme Qd’ﬁh@ﬁﬁrf@l@bﬁcdh{plétélﬁﬁuedvﬂtlﬁdﬁ%cﬁ@@ﬁihmﬂt s, a fuel
event fuel mfalli of a

cell system. ncludes a

fuel storayd BSRERITES) Ordﬂsdl‘ as‘Bg‘?eeal@&tatr‘?ﬁfeé(erft Shpst- %ﬁcb‘m% Wee“f}F'Feangﬁieoaslashom are
mer el y exedqhbéeof therfdel wely300f or exanpl e) be attached to any shape of
container. The lid may contain one or nore fuel cell regions, and a fuel

cell card [0639) be usI?ngricuﬂ 384 8% Alel @eh%Od) Ltgached to container 302 using nuts and

bolts 310. In this example, the nut is a wing nut which permits the nut to be easily tightened
or loosened. The wing nut is loosened to remove fuel cell 300 and to secure fuel cell 300 is
tightened. In some embodiments, a flexible and/or fireproof material is used to cushion fuel
cell 300 so that the hardware does not damage the fuel cell. For example, a non-conducting,
heat resistant material may be wrapped (e.g., around the edges of fuel cell 300 where nuts and
bolts 310 would make contact or around the entire fuel cell) and then the fuel cell in its
wrapping would be attached to container 302 using nuts and bolts 310. In some other
embodiments, other hardware fasteners such as screws, washers, ties, or clips may be used in
addition to or as an alternate to the hardware shown. In some embodiments, an electrical
insulator, such as ceramic wool or insulating sealant, is inserted between the hardware and

fuel cell 300 to prevent short-circuiting between the anode and cathode of the fuel cell 300.
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[ 0047] D agram 550 shows a rotating |lid attached with a pin. The plane of
the lid and the plane of the surface of the container to which the lid is
att ached woeoparsadeBel (both when the Iid is open and whegTtuseoloiooksds
closed). In some enbodi nents, a clasp, |ock, or other mechanismis used to
secure the lid when it is in a closed position. In other enbodi nents, the
lid is attached to the container by press-fit, twst-lock, or screming it
ont o t hr eadls. ingulaton may bentacebdslo the prasie andeathofd s¢ tatghafpehycelhBeoiedoleted t he
container aadaGhdlsbAeAlafhelbr Gl Aot trebRREGIHLAREAR Baont BRMRAR! T d whi ch
SW ngs open. l1d s attached he container via a rod running-through
the Iid an‘%iecffffé“k%ﬂ’it‘%ieﬁé?thelfw §@ﬁ@“@ﬁ‘l§t§‘§ nments, the container has a snall
protrusion or "lip" that the lid |latches onto so that the |id does not

swi ng openjob4egel y viaa in holdes 3081arkifmets@hd)t&md3nrmé iohw@rexarhmemmdmrber

enbodi nent me_ot chani s

0045 D Ao % - irafEk o ERFRAR At el Sed o i Pl 5 OB der . 1 e
exanpl e shown, the hol der conprises a plurality of parts but in sone
embodi ment B0413 o si Figire 4 st diegran ghaying sawe emblidifeents| of aigaching an geatrios] de of t he

openi ng, b&lnﬁwlm?o&%wmgwu@ngmemm' ngsoﬁ{e@hm@h s, tHe@thnighedShd¥fn t he
opening). In sone cases, |abor nay be cheap conpared to materials and it

may be desif %S & steg 203 i Fighre 7-pT e sigmligiss d‘f‘gém%‘l"ﬁ?\ﬁﬁd 7 BEshewRRfidiud aves on
materi al s. cellBO(SmeGHhaﬁly(ba&QSh,old iR bsHkairieB 302X p\na&wﬂu@mﬁpaﬁ aslct@y BBt eri al s
and a sing or th reviQ anples a

ce | hol. d e
| ock, cl ascﬁ?mbﬁlﬁfﬁvﬁh tierc}'fcﬁ'aquu‘?’?éi@’ffé @gbé“e\ﬁg'g%la%“feﬁéfﬁé’f‘#&dnst‘% zecure a
lidin t hethetopsbdr, ;hasimgantm:nts[u&%ﬂ)]nrarsmgmmleetﬁn(gckbmhﬁd/oranneeh ecitadhc | oad

requires ol e i.ch exceeds the vol tage capabl e of being
pr oduced %;l}g}él fﬁg}f{nt}q ‘fon erVgFC ) For exanple, a |oad nay require 2V but a

fuel cell ma onIy be able to supply 1V. To overcone this, in sone
embodi ment 0421 p| ur anidiagragr 450 Rlgctrece) dosnestiens dofhare attagkpditnths esthase andy a si ngl e

fuel cell sy&damel EéPlMO@)éﬁiWBidQl%' fn sbfﬁ@eé%dfr%{s ®ELIL&ri Eonh@RBRGEEd toget her
in series then the s o produce. the desired 2V. In some

S
enbodi ment €MNSSH {9 elfcﬁglbmf%@lf?e §?}E‘fogrﬁ%a“€@§?ﬁ? eparerioRaln ¥igovne or nore
fuel cel | senbadigefits exe):trﬂﬁleomameu@dmiybeamdad airdedy td el #@Sor vialdns BrTE -
enbodi nents, a m.i nc nnected t in parallel.
Connect s ng oI RRSETS Frat it sle R P ¢ ey or
reliability reasons and/or to increase the anmount of current supplied. In
sone enbod®Bht s, aAvardrongwrld 484 sheipcirisal sorngetioneere eashaiasheriespeeipklycel |

systemin tQ@'h@ti’l‘Joﬁlpalri) 8) UyUeln@Wrilped hrBbHIShSHANWS 1SR e%@m?xleﬁé aPleasiOW t WO oOr
nmore fuel cells can be connected together (either in parallel or series) in

a fuel cele8lbe bolts iyoesd yith gueletrighingiordts Pé"rvém(ﬁea'@F%lﬁ‘Bm%‘PWﬂba%one

enbodi ment &rafiic, gME, brsedlant plidrso wrapping an electrical connection around the bolt. In such
embodiments, the other bolt may be similarly coated or left uncoated. For clarity, nuts and
bolts 408 in this figure are shown one above the other. In actuality, nuts and bolts 408 are not
necessarily limited to any particular location (e.g., relative to each other or with respect to the
container or fuel cell). In some other embodiments, other hardware such as screws, nails,
studs, pins, tabs, or hooks may be used to secure an electrical connection instead of nuts and
bolts. One of the electrical connections 404 may also be welded, brazed, or otherwise joined
directly to the fuel storage container 402. This is especially useful if the fuel cell is in
electrical contact with the fuel storage container 402 by means of a weld, braze, electrically

conductive sealant, mechanical connection, etc.
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connected together in a fuel cell system For clarity, the connections
shown are all serial connections but the techniques shown nay be used to
connect fwel2oo@lsbasi n parallel if desired. In sone enbodicmastsipoviwee or
nore fuel cells are conmbined in series (parallel). For clarity the

el ectrical connections providing access to power generated by the fuel
cells are not show [0052]In diagram 650, fuel cells 600 and 602 are
connect ed (0844t her lngliagppmmesheletiical donnestions 46hivo ditavhedtte fueheetiH0GBY i s a
stainl ess ﬁ)tp@erl acnlf'4(2€'0vgr the é&:@lcagcqgné:ﬁl;ﬂgﬁtlgcaﬁb@ or% Sgg ﬁnecﬁaﬁgn?" nl ess

steel). Fuel ceI I s. 600 and may connected to nes variety of
ways such &9 rﬂialrf‘g’n“q%%{‘f|4%areﬁ’m?%°““éflbts andpolis frd lé‘hﬁdhlﬁ W@mpkﬁ an

el ectrical orﬁ@ﬂﬂheaaﬂaambélspaﬂaﬂenéaﬁéd/ﬁ&@thte hﬁndsaﬁhé)&ﬁna@feriouﬁ}ds%lohty@QO and the
anode of f cell é mesh. I n other enbodi nents fuel cells 600 and

602 are bo dvr?pd? "tgl‘? I‘iorﬁ‘ﬁ?tloél48‘&i‘rf’i“@a?f’?"§f ofwgﬁPlétaéEP"T“F GiPxingrrliesh and an
el ectri cal oenthekatiodthe 6610t shown) nust be nmade between the cat hode of fuel
cell 600 and the anode of fuel cell 602. For exanple, in some enbodi nents,
one end of pgyspire ig ng | d the

ot her end of géwhe Wi ré&?ms% c%%ﬁtgg%lgd% Q&Oﬁ%eﬂgﬁgaggm be Hﬂi ?9%3%9 I n sone
enbodi ment ¥me gerpe mayepigkunpla fud icglbsyatem by dheretestried CP@efth@ msfhnah@ the two fuel
celI's are gleachirdoflliohs GPIREGE RFndePmaLhd cf%§nrabfer1§tmgdé%éeraoéshﬁt bkl cells
attached is connected to the container, for exanple, by welding, brazing,
or bondi ng 4§ial antF16Q6 hen lled to e edgﬁgdof fuel cells 600 and
602, making Eont act %\‘A"?%'Sf é?gr%‘éf "@(58’“6%{“@ B2 49%dn& ¥ at i ng i nto mesh
604 so t hagmbotigneotsfoeieelt stem 1md1leie$zde e, arme\feurméle“fonsfemug eltyfafiebched. | n
sone enbo t ectrica sul at or, vent

el ectri calOlg rcis‘l?t%ﬁ&?{nggg’g??gmg% 18y n‘cS)hodv nmgﬁ islds SF he' t'e r??yqeﬁigmac%?cri bed
above is a%nti mzz(fpwamel@)amaqhhdetormms.ifaa@oﬁmntnlgert gohhd qlaxecqmaa)mm;es a rugged
product. angérofuct & raSSETIAb X AlPEMTh Ay 18 WL lRlibkSlhe P! € and/ or | ow cost

(e.g., it can done nmanual Iy by a | ow cost or pool) [ 0054] Di agr am 652

shows two f cells int sane ane con ectedto et her using a jog
connect or W@%ﬁ?) J a%rﬁrﬂﬁg(ifh(??’sé a‘t’i"l%’l(?‘fiI‘a'ﬁ”’§lr11 e PLhe ﬁd ¥ape and

i ncl udes ahe plmteealfnﬁlsureicecﬁthe mtalrteomweﬁdhltmldlshtmma& fatalelkboth @naLCt i Ng t he

cat hode of, f he an 02.. 1n's

enbodi ment's llijaels Ogegoaﬁ%gg ntke]é lose dI%S ac ?n%ogd“eﬁt ??i%sl’slg%ort(gl{‘% or with

fuel cell sn®G@ISanla u@d2o soure Hatlldjw@gn xt@nmeclbmd p60@onl ilmethergmbuditnbnts,ile anode of

fuel cell . S, jog
lﬁiqgatﬁag:dtt(bfﬁ 8&4&4‘&&1% E €ess fﬂetlm Fﬁ) if o@QchvHLé]? Fﬁc%lg%) ?Q%JEE@P

connect or i'S manufact ur e eparat e romt

on noni nale“l?Pdlélkﬁé}eqlé’dS gimplyrpdcehen the anmeam@eldamda@abwmwey and j og
connector 608 is connected during assenbly to fuel cells 600 and 602.
[ 0055] Di agoess] 654 dIhiegwsm EsEihoweh g whidR svaingh HBR, THahidGataEiRd kdthé he sane

pl ane, connect ed.together with an el ectrical copnectio 610 El ectri cal
connect i ort°B18EH rggfuéminﬁ\éqr %Pﬁ?fd@ aB‘gthfﬁ@ta“&eé'I "Sgﬁ‘ﬁe‘[ngcﬁ %H’Sde of fuel
cell 602. domaivarhapausnatinmvadisionnt ‘Sip” dlaetbé lid aehesoatorse iat mahﬂsa&sm& sed@gnected to

fuel cell lspgnoﬁ) %eﬁ@g%ﬁﬁhel%slos% (%}:t% %1 maano?re %odlrnents S r(rjlé (r)]tgé seal ant, etc.

El ectrical "conn nect ¢ P8 3Rd t hen seal ant
612 i s apphdckahispviepseditelesep & bdflosdnnecti on 610 and (at least in this
exanpl e) touches the edges of fuel cell 600 and fuel cell 602.

[0049] Diagram 554 shows a lid which slide in and out of a holder. In the example
shown, the holder comprises a plurality of parts but in some embodiments is a single holder
(e.g., extending along the left side of the opening, below the opening, and wrapping around
the right side of the opening). In some cases, labor may be cheap compared to materials and
it may be desirable to use multiple pieces (as shown in 554) which saves on materials. In

some other cases, labor is expensive compared to materials and a single piece is used for the
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[ 0056] Di agram 656 shows fuel cells 600 and 602 connected together using a
sheet 614 with holes or opening for the fuel cells. In sonme enbodi nents,
sheet 6l4wo0stmEdssBess steel (e.g., AISI 300 series or ACBIUSAO0/08806 €S
stainless steel). Fuel cells 600 and 602 may be connected to sheet 614 in a
vari ety of ways such as wel di ng, brazing, bonding, etc. In sone enbodi nents
an electrical connection is nmade between the cathode of fuel cell 600 and

t he anode kfidef.udy indhel drevi® exampldsa lephedasp, 1ateh etother megkbajeih manbesuskedidl cel | s

600 and 60gsiaddfo RRREEHdkPht BRscalestioout el ectrically insulated fromthe
sheet and an el ectrical connection (not shovvn) must be nmade between the

cat hode of cel] 600 the an For anple, in
o enboct Mt s RSB EmBRI At e SRt g TS BT SR B 16 ¢ he
cat hode odxcdedethe ealtake Gﬁ)ﬁblaaﬁbetdg@rcmmdseerby e@xdglefuetdseﬂ et exhmplefd Ipadatiaywi re i s

connect ed t fi L f uel rre enbo .ments, once the fuel
cells are € uﬁrﬁggtbgga Ul T magﬁ"lét 35%18 tSHpeD)fwo & eeri sS énrsémfgl ectrically

connect ed ftmbOleentes plurdhiey @Tfe@lcelwaterpom‘weted unelenelsed ] sngld: fualodeb dystesn. donnect ed t o
the contai fer.ef; quﬁf'{IB' is 4 co Wﬁécqa!d@ th 1F§éri'39thelp{he Reli 09 betaﬁeﬁ)o”e

enbodi nent s ane ectrically 1nsulating sea IS applied to edges of
fuel cel | sPreoe Badessed2Y nbotsomp enpdimenGoBTliDie dis! eath sgrensieehsyfarel cells 600

and 602 el g6k beAdrinorERBNEGR BdedS06d &'b%ﬁec@a td PR AE26n Yshdg a shaped
contai ner 624 with hol es_or openi n? e fuel cells rather than a fl at
S,

sheet. AddMteHAsNsGeytien mc@geSafﬁelc é@'ﬁ’}eFt&%Og%ﬁ‘iﬁb@f"r”ﬁh§°&?‘é‘~“b&)§‘§ﬁ ble and we

do not wi sdrdia pb}enélhﬁyib@dsehn f&h@iumﬂ@ v iiability[rE438RBlahdrorad Glchase teYbodi ment ,

t he anode of one cell dir % ({;ts thgﬁg i‘hode of the (gd jacent cell.

Bl octr i cal TN ShEUFRRhT Bl S mEE B e 2 Fisbesldr i REysECCIORAMEEd by
appl yi ng pﬁxesamyetgmwebﬁalreg THarfalzdwigg ﬁ@t&shox&%ﬁﬁ]eﬁﬁn;ﬂl@wh&b% dabave, the

di agrans s r,range nodi fied with,
ot her techfqul'l9 ulgsscans eCO"XGC%dtt?ﬁes n@q’ef‘ﬂé’lm %Ta ?eélgs) I%WE' Qﬁﬁbs f&- al t hough

di agram 650 shovvs fuel cells 600 and 602 pI aced on different sides of the
mesh, in s8] ot herFiguigssdi 3nd ¥Bre ¢egrdnseshowiag panegmbogimgeta ¢f e fedeelsane si de

of the Mesfndeakd huah DeroARA sPidn® MR Alahy f themRdchivnstsham S0 QERtial

[0060] Alternatively, if a load requires a m ninmum voltage which exceeds the
vol t age connections bat 'the techniques shown may be used to connect fuel cells in parallel if desired.

In some embodiments, three or more fuel cells are combined in series (parallel). For clarity

the electrical connections providing access to power generated by the fuel cells are not show.

[0052] In diagram 650, fuel cells 600 and 602 are connected together using mesh 604.
In some embodiments, mesh 604 is a stainless steel mesh (e.g., AISI 300 series or AISI 400
series stainless steel). Fuel cells 600 and 602 may be connected to mesh 604 in a variety of
ways such as welding, brazing, bonding, etc. In some embodiments an electrical connection
is made between the cathode of fuel cell 600 and the anode of fuel cell 602 by the mesh. In
other embodiments fuel cells 600 and 602 are bonded to the mesh but electrically insulate(li
from the mesh and an electrical connection (not shown) must be made between the cathode of
fuel cell 600 and the anode of fuel cell 602. For example, in some embodiments, one end of a
wire is connected to the cathode of fuel cell 600 and the other end of the wire is connected to
the anode of fuel cell 602. In some embodiments, once the fuel cells are connected to the
mesh and the two fuel cells are electrically connected in series, the mesh with the fuel cells
attached is connected to the container, for example, by welding, brazing, or bonding. Sealant

606 is then applied to the edges of fuel cells 600 and 602, making contact with fuel cells 600
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capabl e of being produced by a single fuel cell or fuel cells in series,
then a voltage multiplier circuit can be attached to the electrical

connect i one.20imsbde8s manner a single fuel cell or two feelr/usedlodonoannect ed
in series can be connected with a voltage nultiplier circuit into a fuel
cell systemthan can be used to charge a cell phone, an LED light, or
charge a battery [0061] The fuel cells may be attached to a fuel storage
contai ner 1 682 prdstetiating intarinrsh 6@tssoghrbihe cPmPOREREindhesBstep aketfertietel cel | (or
nul tiple fughrels@hdchdd. TRYonREnMolidfehS dediht 806 ik &t el&nREE intMidid} th@e®st Or openi ng
for the fuel cells to facilitate the removal and insertion of the fuel cell
region. A FERRAOLBPENEuel cell region that conprises a flat sheet with one
or nore openings with one or nore fuel cells attached is a "fuel cell

card". |f [OB#e i s hmspme trhbmiiroenss, fheedchrigleldestibeichedt it atrichiee Ishast ththe f uel
cells can ] I ard can

e eri oo a@&;ﬁ%&gﬁg&ﬁ%%@ fa%géegg H.%gecﬁg&ﬂl a?l%l/ﬁr FEQ%S%%?W%% ue

2011/ 059468RETHUS2D AT 10 gost G621 =i hrdame Thapually byl leyr sh latieopdolly an

enbodi mrent of a fuel cell systemw th a renovable fuel cell card. In the
exanpl e sgpm] li d BRgainesh udml t\Bolﬂliel’ceHﬁﬂTﬂ& sérfﬁea)me clillanfec@h fogb’tﬁé}tu&aﬁre el
positioned to lin ue s . /708 in fu e card 7 en fue
Pell card oBcsrsesiadallpchireear 05 b arumier Sui R e o R0 10 hi s
exanpl e ai intesghdlgtricdllcommeetian (slominadn blaek) cmyctm@aqaeatbasdetoyﬁel @fl 600 fo theent s may
be used. L this. e ectr nection access
704 Tor R i Pl oo Bt |edbisdeS, e il SALBESHSG '
vari ous nlboﬁmrrmﬂltfse,l cedls €09 ande@P S@thhﬂ]%ttqnmtoaé%elms dwDWith the anqdebf‘,ﬂuelor hole in
the lid so.fles hgget G LelC&IRN wher ;& he fuel cell
card in m?erte&ltd (f déill:e %ogg lng? B@Jéf?ﬁso Oﬁr&gﬂ%%arrpl ést fuel cell
card 706 hra@U@CWélseRe@Fqlervmﬂ@tfu%p@lsémd@eqd@d npmlngkaqfletheSélmenﬁlor(Sas an
exanpl e) eaft okl ang BlhodBping @tc%eltvr 5@@@0&%teﬁ%@mgﬁ§i&nbﬁ%§Tftﬁzmﬁbovm here
will generate an 8V output. Fuel s in a fuel card nmay be connected
in any way®®de€8d9®d. 1n anot her exarrpl e, there are two groups of 4 fuel
cells with the 4 fuel cells connected together in series (e.g., the four
fuel cell sl0p35]t he |Riigrami684 shogis fuet cdllsiGlsand 662, whmheetledleismes;ﬂadees
respectively) | gether in
par al 1ol orssRRtbethE JylanQleBUPR oBinettch (o, Sk ReaiolpERANED I Fhl €7

exanpl e). ﬁcaélwﬁﬁo%fmilcﬂb@ﬂolt@ﬁ@ an(hia@fﬁlgl CerIéq)z delvatr@us;@ntwémeau ¢lertgzat al l el s

desi rabl e QggRises bR BnfkRtEReld a%%@ammp%%} &eneaxsssruamscv@eh] il
operate even if one or nore of the fuel cel [ 0064] Fuel cell system

710 shows EHEMLSKs tEdsrisrkaaniectierf ivgoprcsigd mﬂfﬁu@wel&@mﬂ thempeglapfd 2iin pl ace.
In this e@md@vérwﬁcmszo.ale&idagsheaffd{ed led3€ih khiSbRlpleptbudnBs At Bfzes &Tgdi nent s

two or nore f &uell IC@éds can be used. In sone enbodi nents, there is a
fuel cell c(?]éfs giue FY 898t t om of the fuel st orage cont ai ner and/ or any of
the ot her surfaces or walls.

[0056] Diagram 656 shows fuel cells 600 and 602 connected together using a sheet
614 with holes or opening for the fuel cells. In some embodiments, sheet 614 is stainless
steel (e.g., AISI 300 series or AISI 400 series stainless steel). Fuel cells 600 and 602 may be
connected to sheet 614 in a variety of ways such as welding, brazing, bonding, etc. In some
embodiments an electrical connection is made between the cathode of fuel cell 600 and the
anode of fuel cell 602 by the sheet. In other embodiments fuel cells 600 and 602 are bonded
to the sheet but electrically insulated from the sheet and an electrical connection (not shown)
must be made between the cathode of fuel cell 600 and the anode of fuel cell 602. For

example, in some embodiments, one end of a metal strip or wire is connected to the cathode
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[ 0065] I n sone enbodi nents, fuel cell card 706 has a nmessage, instruction,
or warning to help a user properly insert or align fuel cell card 706 with
lid 700 swothatosp4dse cat hodes of the fuel cells are faci rgTastov@nasioand t he
anodes of the fuel cells are facing inwards. In some enbodi nents, the

cat hode side of the fuel cell card says "wong way" so that if the user
inserts the card with the cathode side facing inwards (which is not
correct) t pfdugisell60Riand the ether 4pd ofithe mietabstramer wieniesenaectddeo thgmapde phifugk her
enbodi nment &;i 605. hersomeérnwagﬁemsrr&&é ageeel 95115 ae&%me&a enﬁe RER ahtBRwo N ONe
exanple, a_first icon (e.g., a circle) rinted or pressed into the
lid and a Seksiers eleriqelly gonne%edsaﬁra%}hqsgeebmth @ﬁ fyeheellp aitachshivf t he fuel

storage cognadchlio thOoshtSned Foiddxahple, Hyuehd,xs;gebﬂazlﬁgbdbming has\selet he first icon
and the ot hebr dS|de WI1|| have tlhe second IC%B ?1 ?}?{h [he i cons are
mat ched wdynents ap glegtrcally msplatingseajany isagplicr &o the gegyoffpel celfspl0 pnde|  cel |

card is or6(Hn[t1cedthrmperly I n sone enbodi nents, physical or visual cues are
used to help a user orient a fuel cell card properly In sonme enbodi nents,

both the | IOGSﬁnd t hﬁlag}dﬁxlm@@ﬂdws?@eﬁ gell@%@) &g%ﬁfée@gll% b&'rngctédsto%gleyasone

| ogi cal way for the fuel card Inserte n sone efpbodi nents,
there is sBibagm @wmeatshq@eemwg@t $34gvithrheles prionemingsifer the el eslls tathermr d and

t he Connecﬁhhrpd"ﬂdt Shed© A RANRHal $Corhdddds ahd\@eciital coﬁﬁécborﬁ @feq)ogs%?e gl Bgoconnect ed
in one manner. OOGG%I n ot her enbodi nents, fuel card 706 is shaped in

a manner t Wk o Bdimisd Rythe ARes shfer ori ent ati on to |nsert it into the fuel
storage contai ner. For exanple, the card may have holes, perforations, etc
that fit al06a8hd r eginshoth¢riemhopimes, the arbadet dnmcdllrtmeétlyeionmtemagahadenf ai ner

Al ternativ r ont ai ner
be shaped @%%%acgﬂ Q“tE %tr{&ﬂ d&%ﬁam&ﬁ %'JC?F?@%%I@ cghstl%g)p?eae%ﬁwgeﬁdel stor age
cont ai ner ¢pnlym§@rqs;eqrer aeldingy brasmgattcon. Asymmetric shapes are especially
useful. For exanple, both the fuel cell card and fuel storage container may
be rectangbs wi t hApabecrrbewMe@I eQidpPdmsahély mrreerﬁaﬂag&qeﬁ@ramﬁ@ bd 0067] I'n
sone enbodl nt d&teﬁf cell is.as rrmetrhc cat al %/st f ceII and so
there is n8 Ort'BO vathepler eehniqyes Shawp i peejaer fisgss-4 e’ﬁ‘ﬂé’ anode si de
when i nserztlthmghtdhgrafm&sb sl fued a¢ld 600 LHIGBD biagdroa dferent adeelloagleamhs lowi ng an
enbodi ment 91f oﬁlerc%lqog t%%)e fu"ll%ellsSt Qf %chon tﬂé‘ta?ne@%% of{}:le me tho Ot her
corrponents or ar st ém LPcah as a tuel

connecti ori??rhaeet@.e)lte@dléfenotﬂyté;hmhnwnh this exanple. In the exarrpl e shown,

fuel cell container 800 is in the shape of a cylinder and fuel 802 is

cont ai ned 0060} he boglyerkivaiNar £ivhd rRGBIes a InfhiMah volkise mﬁgkd@?d@tﬂ%,voft&gl% cells
are connecte VaI’IOhl grfac&s of he cyljinder, such as the at) top
‘&ﬁé X HEn

or bottom% eaogge‘% P ?Jf”\?léalgh?’?]é’&]és ‘BFerteFréhet’,“)?l"i(’H?férm“ltlpﬁevar| ous
enbodi ment Grecuis@mbe attachdd to € etebt@ical yobrinadiohs ah thl\ﬁhhnnemm{glésma call brubyl ar f uel
cell. For Rper ortion of t ical .wall be a

Cubui ar 1 B B cPmeRe ARG B Brksie wif €8st RebpFEiniitibe g €51 on. The
cyl i ndri cadystevakhan nalybealbe;ioochmgera<$EphnmbtanIiJE@ lighty ut chargk adhttetyel | s connected in
series, with or without heat conducting regions between the cells. In these

confi gur atfogsip, t herrRAQMgeRma Iseattaelbéaltésftteu%rag%el)halhé,QQr&mam@SI de of the
cylindrical wall, facing the fuel 069] Fi gure is a diagram show ng an

enbodi ment™apergs F}l?évln I%Fl@‘,ﬂaég Of 8’ﬁtﬁﬁl H.’élr(OIi rﬁultlp e fuel cells) may be attached to a flat

sheet with holes or opening for the fuel cells to facilitate the removal and insertion of the fuel
cell region. A removable fuel cell region that comprises a flat sheet with one or more
openings with one or more fuel cells attached is a “fuel cell card”. If there is more than one
fuel cell attached to the sheet the fuel cells can be connected in series or parallel. The fuel

cell card can function as a lid, or the lid can comprise the card.
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t he shape of concentric cylinders. As in the previous figure, sone
conponents of a fuel cell system (such as a fuel cell, electrical
connect i oNe,20Et039468ar e not shown here. Fuel storage comCaiuser1080L06
conprises an inner surface in the shape of a cylinder and an outer surface
al so in the shape of cylinder. Fuel 902 is stored between the inner and
outer surfaces of the fuel storage container and the cylindrical space

wi t hi n t helW6Xler suFigare@ i sdiagraro plemiimgpnfembodinent bf ofyel deh sxstemi wittsa

embodi ment &mot'd'ﬁfél fudl %l:ll (fsarc?‘rlﬁ tl%%qglﬁﬁg ?‘ﬁwhq dab ;i)rf%l‘ﬂlﬁessé'guf\%ﬁgg ?joﬂ]eaﬁ' the inner

surface, the outer surface aces. In
various entsaiiareenesigoned gmiinegip vith|fug pells 788 @)ﬂl‘-’ﬂ Pﬂiqua@a106l“fﬁlﬂfefuekﬂe“®%rﬂé96 surface

conpri ses g idstHdlifb of diRdrwkEhihced nBxt QI W%%%pl@&%n@%ﬁ&r{e cduidr-he inner
cylindri cal surface conprises a tubular fuel cell. For exanple, a |ower

portion of P4 A shepser ey P idvents 12y g piedc kid 7Ry inglis sxamplsialsgringyds cel | and an
upper port éléHﬂl(‘Hﬁ:)émlﬂﬁtl(ﬁn deeat mqedtu@élhd%@car &FhLtions THRink BITRF fueldeliReki cal

surface %/ kﬂso conp ple t ubul ar fug 4(:eIIs co r]ected n series,
with or wiifo Vaﬁ&%& Hﬁ&‘f’ueﬁﬁdf A GPHITE P SRR (5oL OF BO'e [he e

confi gur at 1hmml&,el&chealanm¢etmfs aemet teatowilea theffusd bellowatd in iisertdd ahdithe tidisSi de of t he
i nner cyli rjical surface, facing the fuel. [0070] The fuel storage

contai ner and lid may conprise any heat-resistant material, including but

not limted to ceramc, cl a%e gl ass, refractory materials, and nmetals. The
el ectri cal 08&Mnect i Bikis exsmpleebnl B awr 78hapd fugl cellpphish as catneetrdinhot zone, t he

nmetal may fRAesC @PALIas aPéxamplePd:eh T@ﬁé&%@ner%tl@lthétheSﬁA@ltCQIMy%Qm@\?@t s that
will be ex}g)osed to heat, 1ncluding the fuel storage container, lid,

el ect ri cal "EoHl]eterana 8 ipppt. ot Saldn » eghep! a5 Ay bix OMRegISH ITLam &Y f 1 om

heat - r esi SdealFHd ednathsr exM:ﬂblaJ therk ﬁ@&wé@%uﬂ@%fﬂﬁﬁdcell@@}tlﬁld@ 4aul\¢|41 s ct:)orrp(r]I [ S: Ing
Ni, Cu, anpl es 1 nc - . bas al l.qys,. Ni - ased all oys,
st ai nl ess %OP’éeé ed t°§ﬁtgx rﬁing?&? (esguﬁléel%g'i"lfge;ggsg’ttﬁ? ﬁﬁé‘g‘i”%é@f‘@%‘ﬁ%h as Al'SI 300
series or d&h&cted(jﬂsesesr fegctively ) pad the ool mdpyoﬁjlsfbélubllsbﬁe:@mriﬁtedftogefhen in | ow cost

and_excel | &a&tllﬁln?ﬁmglgr qll\/ (%rpq]t gaﬁ%lgggnlﬁﬁc;ﬂ{ ggr?l.pe? tll a8 3n g‘%mgléa hlg seie &r ature.

100711Al th egol have been d" n some detail
for purpos@shqafwn@l falmngﬁ!eb@ll@lmm@hndarﬂigﬂ istdbrarablp bemausedinis ¢reatgsot [ imted to

the detai ll%dlﬂﬁegl\ﬂ' g‘r:'dq;o t@?gtgm eénestlm éfat@ueﬁrﬂﬁg brvlﬁor%%%e m(el (':e'ﬁpkaﬂmant ing the
i nvention. The discl osed enbodi nents are illustrative and not restrictive.

Eg%ﬂ \S/\Iv-bral\g 056%] CLA I\El%)l ceﬁ systegn_ﬁ Olvﬁows tﬁg ssytsteerrr];l v\]:it rlidgs{)1 gl’;)?e%lagg fu%lI ceﬁ tczl;rld cal power

706 in place. In this example there is a single fuel cell card but in other embodiments two or
more fuel cell cards can be used. In some embodiments, there is a fuel cell card for the

bottom of the fuel storage container and/or any of the other surfaces or walls.

. [0065] In some embodiments, fuel cell card 706 has a message, instruction, or
warning to help a user properly insert or align fuel cell card 706 with lid 700 so that the

~ cathodes of the fuel cells are facing outwards and the anodes of the fuel cells are facing
inwards. In some embodiments, the cathode side of the fuel cell card says “wrong way” so
that if the user inserts the card with the cathode side facing inwards (which is not correct) the
user will see the warning and reverse the card. In other embodiments, other warnings,
messages or instructions are used. In one example, a first icon (e.g., a circle) may be printed
or pressed into the lid and a second icon (e.g., a square) is put on the bottom of the fuel
storage container. One side of the fuel cell card will have the first icon and the other side will

have the second icon so that when the icons are matched up (e.g., circle to circle and square
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a fuel storage container having an inside and an outside including: a wall
I ncl udi ng: 5a heat conducting region configured to allow heat from an

ext er nal wWeavissmese to be conducted into the fuel storage/useomadres; and
a fuel cell region associated with a fuel cell having two sides, one side
of the fuel cell exposed to the outside of the fuel storage container and
one side of the fuel cell exposed to the inside of the fuel storage

cont ai ner , towaksred the fied edllecardeib prignted popkilyy Un eeng entiodinteats ephy fieal pndiude of t he

fuel stor agﬁs &Qﬂsteékﬂ%fp 4 §seMBrich& t@&‘ébl’i %@E@ﬁer@uiﬂoﬁg ehb@dl%éﬂﬂ bSth Heage
cont ai ner; an openi ng for receiving a 'oad for storage in

the fuel sbwag@ fucd elhgaprbare conpex gnddhereciapply B Pﬁ@almf%rfwé@l celkrgradn

el ectri cal hGRRAGE tTh YindUnMbHiceRE, tﬁ&@@&z,smé &lprwmjh coefeeimtuediddy Hefreel f uel cel |.
152. The syshen1of%%la|n11 wherein th i ncl udes one or nore of

the fol | owH§ardansGf Frnesiey s desiged sxfhpt thﬁﬁﬁléﬁlifar%ﬁﬁaﬁam & dousttdinoxi de f uel
cell (SOFQne nanseymetric structure fuel cell, a symmetric catal yst
conposition fuel cell, or a thin filmelectrolyte fuel cell.

[0066] In other embodiments, fuel cell card 706 is shaped in a manner that indicates
the proper orientation to insert it into the fuel storage container. For example, the card may
have holes, perforations, etc that fit around registration pins or tabs in the fuel storage
container. Alternatively, both the fuel cell card 706 and fuel storage container may be shaped
such that the fuel cell card will only fit into the fuel storage container in the correct
orientation. Asymmetric shapes are especially useful. For example, both the fuel cell card and

fuel storage container may be rectangular with one rounded corner and three square corners.

[0067] In some embodiments the fuel cell is a symmetric catalyst fuel cell and so
there is no need to differentiate between cathode side and the anode side when inserting the

fuel cell card.

[0068] Figure 8 is a diagram showing an embodiment of a cylindrical fuel storage
container. For clarity, other components of a fuel cell system (such as a fuel cell, electrical
connections, etc.) are not shown in this example. In the example shown, fuel cell container
800 is in the shape of a cylinder and fuel 802 is contained in the body of the cylinder. In
various embodiments, fuel cells are connected to various surfaces of the cylinder, such as the
(flat) top or bottom surface or along the curved surface of the cylinder. In various
embodiments, some or all of the cylindrical wall comprises a tubular fuel cell. For example,
an upper portion of the cylindrical wall may be a tubular fuel cell and a lower portion may be
a heat conducting region. The cylindrical wall may also comprise multiple tubular fuel cells
connected in series, with or without heat conducting regions between the cells. In these
configurations, the anode of the tubular fuel cell is on the inside of the cylindrical wall, facing

the fuel.

[0069] Figure 9 is a diagram showing an embodiment of a fuel storage container in
the shape of concentric cylinders. As in the previous figure, some components of a fuel cell

system (such as a fuel cell, electrical connections, etc.) are not shown here. Fuel storage

18



3. The systemof claiml1l, wherein the systemis configured to operate on
one or nore of the follow ng: solid fuel, biomss, a fuel derived from

bi omass, woi2oalosersshuman sol i d waste, 20charcoal, wood, pam/use@lo/0024d6 The
systemof claim1l, wherein the fuel cell is connected to the fuel storage
contai ner using one or nore of the followng: a sealant, a weld, a braze, a
fastener, or hardware. 5. The systemof claiml further conprising alid
confi gur edcmtﬁlr@b%rcomhresemmmnqigwfm inrtheoshippe off g cylinderand prpewder s@ef@e Fiie syst em

of clai m Lifplr hh}rof @ﬁﬂﬁ&' %hQQOf’-ls flofedtheri@en BE inROEnPEudRLBack UGBl s and a
second set of one or nore fuel cells connected together in series. 7. The

syst em of Ypragefentaipgrang the crliidpeal spasgywiship the dinessuifagsfis grepepipe febpielleel cel | s

and a secondas&ls e%om&tmuenmea.feu&{ne&&i tb Sark R ARRERDudnag elehfer i N el ectri cal
par al | el 8, The system of wherein the fuel cell is renovable.

1,
309. The sy%“ffé‘fﬁ BF CWFTRURSS; OF\Rh‘Fe(%éﬁ) f?ptothﬁpﬁlépr WET [N Yagiopsgmbogdiments,saRpy abl e
fuel cell @alldfthe wﬂﬂ&liﬁwﬁﬁaﬁfﬁﬁz%ﬂﬁs@%ﬁ%ar fuel cell. In one

embodiment, some or all of the inner cylindrical surface comprises a tubular fuel cell. For
example, a lower portion of the inner cylindrical surface may be a tubular fuel cell and an
upper portion may be a heat conducting region. The inner cylindrical surface may also
comprise multiple tubular fuel cells connected in series, with or without heat conducting
regions between the cells. In these configurations, the anode of the tubular fuel cell is on the

outside of the inner cylindrical surface, facing the fuel.

[0070] The fuel storage container and lid may comprise any heat-resistant material,
including but not limited to ceramic, clay, glass, refractory materials, and metals. The
electrical connections and mesh comprise metal. Outside of the hotzone, the metal may be
copper, or alloys thereof. Metallic system components that will be exposed to heat, including
the fuel storage container, lid, electrical connections, mesh, and fuel cell card, are fabricated
from heat-resistant metals. Metals that may be used include alloys comprising Ni, Cu, Cr, or
Fe. Examples include Fe-Cr based alloys, Ni-Cr based alloys, stainless steel, and nickel
superalloys. Stainless steels such as AISI 300 series or AISI 400 series are particularly useful
because of their low cost and excellent mechanical and oxidation properties at high

temperature.

[0071] Although the foregoing embodiments have been described in some detail for
purposes of clarity of understanding, the invention is not limited to the details provided.
There are many alternative ways of implementing the invention. The disclosed embodiments

are illustrative and not restrictive.

[0072] WHAT IS CLAIMED IS:
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10. The systemof claim@8 further conprising a lid. 11. The system of

claim1, wherein the fuel cell is a first fuel cell and the system further
i ncl udes:we 2e0Bn@sf uel cell having two sides; and 5a netalusshwesbber
mounting the first fuel cell and the second fuel cell, wherein the first

fuel cell and the second fuel cell are nopunted such that both sides of the
first fuel cell and the second fuel cell are exposed, wherein: the first
fuel cell is confdeAld® in electrical series to the second fuel cell. 12.
The system of claim 11, wherein the first fuel cell is connected to one

side of the |oma@a&nﬁn@gﬁﬂan@ekaﬁcgg@@a@oﬁggh%celI is connected to the
other side of the netal sheet T%e system of claim11l, wherein the

fuel cell card |ﬁ%ﬁ&3@§“ﬁm§PéBWF@aHHH pAndanppside gdingay with properly
inserting the fuel <eillincladidg:i nto a fuel ceII system 14 The system of
claim1l, wherein the fu

fuel cefl system 1515, ﬂ%ﬁ%cﬂugm%%&g% Jﬁ% mﬁwﬂéQHe %’et%ﬁ% o8
conpri si ng: heat source to be conducted into the fuel storage container; and
a fuel cell region associated with a fuel cell having two sides, one side
of the fuel cell exposed to the outside of the fuel storage container and one
side of the fuel cell exposed to the inside of the fuel storage container, wherein
10 the wall is configured to isolate the inside of the fuel storage container from
the environment outside the fuel storage container; and
an opening for receiving a fuel load for storage in the fuel storage container;
the fuel cell having two sides; and

an electrical connection providing access to power generated by the fuel cell.

15 2. The system of claim 1, wherein the fuel cell includes one or more of the following: a
solid oxide fuel cell, a metal-supported solid oxide fuel cell (SOFC), a symmetric structure

fuel cell, a symmetric catalyst composition fuel cell, or a thin film electrolyte fuel cell.

3. The system of claim 1, wherein the system is configured to operate on one or more of
the following: solid fuel, biomass, a fuel derived from biomass, animal or human solid waste,

20  charcoal, wood, or coal.

4, The system of claim 1, wherein the fuel cell is connected to the fuel storage container

using one or more of the following: a sealant, a weld, a braze, a fastener, or hardware.

5. The system of claim 1 further comprising a lid configured to cover the opening for

receiving a fuel load.

5 6. The system of claim 1 further comprising a first set of one or more fuel cells and a

second set of one or more fuel cells connected together in series.

7. The system of claim 1 further comprising a first set of one or more fuel cells and a

second set of one or more fuel cells connected together in electrical parallel.
8. The system of claim 1, wherein the fuel cell is removable.

30 9. The system of claim 8, wherein the fuel cell is part of a removable fuel cell card.
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using a processor to connect a fuel cell having two sides to an electri cal
connection providing access to power generated by the fuel cell; and
usi ng a pwvoeesisBp480 connect the fuel cell to a fuel stecags2convavaner
wherein the fuel storage container has an inside and an outside including:
20a wal | including: a heat conducting region configured to all ow heat
froman external heat source to be conducted into the fuel storage

cont ai ner ; 1Gnd The systemepflaginh 8 fusther qomgiisme aliksoci ated with the fuel cell

havi ng two si des, one side of the fuel cell exposed to the outside of the
fuel storable cdhesisiarofgltm QBﬂW@‘r’stﬁ%i@e'cﬁﬂlfsr?eﬁrftlf'éql cglan thexpiae by t he

i nsi de of thedkuel storage container, wherein the wall is configured to

i sol ate the inside gl ? fuel storage container fromthe environment
out si de the fuéP“@Pg Slrell boreVagides: 8% an opening for receiving a fuel

| oad f ok St or agenetahshebeforf i@inting he Agefuelaall andtle second fuel cell, wherein the first

fuel cell and the second fuel cell are mounted such that both sides of the first fuel cell and the
second fuel cell are exposed, wherein:

the first fuel cell is connected in electrical series to the second fuel cell.

12. The system of claim 11, wherein the first fuel cell is connected to one side of the

10  metal sheet and the second fuel cell is connected to the other side of the metal sheet.

13.  The system of claim 11, wherein the fuel cell card includes a graphic and/or text

associated with properly inserting the fuel cell card into a fuel cell system.

14. The system of claim 11, wherein the fuel cell card is shaped to properly align into a

fuel cell system.

15 15 A method for assembling a fuel cell system comprising:
using a processor to connect a fuel cell having two sides to an electrical connection
providing access to power generated by the fuel cell; and
using a processor to connect the fuel cell to a fuel storage container wherein the fuel
storage container has an inside and an outside including:
20 ' a wall including:
a heat conducting region configured to allow heat from an external
heat source to be conducted into the fuel storage container; and
a fuel cell region associated with the fuel cell having two sides, one
side of the fuel cell exposed to the outside of the fuel storage container and
25 one side of the fuel cell exposed to the inside of the fuel storage container,
wherein the wall is configured to isolate the inside of the fuel storage
container from the environment outside the fuel storage container; and

an opening for receiving a fuel load for storage in the fuel storage container.
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