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a hydrogen rich gas stream which can be used as a feed for fuel cells. Hydrocarbon-

25 based fuels, such as natural gas, L.PG, gasoline, and diesel, require conversion for use
as fuel for most fuel cells. _Cum:nt art uses multi-step processes combining an initial
conversion process with several clean-up processes, The initial process is most often
steam reforming (“SR”), autothermal reforming (“ATR”), catalytic partial oxidation

- (*CPOX"), or non-catalytic partial oxidation (“POX”). The clean-up processes are

30 - usually comprised of a combination of desulphurization, high temperature water-gas
shifi, low temperature water-gas shift, selective CO oxidation, or selective CO
methanation. Alternative processes include hydrogen selective membrane reactors

and filters.




1 Thus, many types of fuels can be used, sone of them
hybrids with fossil fuels, but the ideal fuel is
hydrogen. If the fuel is, for instance, hydrogen, then
the conmbustion is very clean and, as a practica

matter, only the water is left after the di ssi pation
and/or consunption of the heat and the consunption of
the electricity. Modst readily available fuels (e.qg.,
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The present invention is directed to resolving, or at least reducing, one or all of

 the problems mentioned above.

SUMMARY OF THE INVENTION

A coolant subsystem for use in a fuel processor and a method for its operation are

disclosed. The disclosed coolant subsystem can be separate from the feed to the

processor reactor and is capable of circulating a




cool ant through the processor reactor. The discl osed
constituent elenents of the fuel processor are housed
in a cabinet, and the cool ant subsystemis capabl e of
cooling both the processor reactor and the interior
of the cabinet. In a first aspect, there is provided

an appar.atu rsin e and. a
or SEEER gPrough ik o e 3k .%ﬁgesedt%estﬂ?é CIB‘F‘E}%%’E%‘F fuel
i nqirerdssngare ﬁozﬂé@ﬁﬁﬁ&hﬂhe‘[ felahé @olanBsub&8nt i0 cApaBle of cooling both

prqQgessor reactor ant. subsysten1capab|e of
e

& t he interior
cabi net . r"i1 firSt agpegth e?éfb%‘é’i“ e‘{ HeAPBARYS, PR 2 ﬁz%ﬁ)‘t?\‘néPd a
pl aadl PToCesIp doStaingd nﬁh&@BinB@Hw fige] plob@bkor PEDERES Oprocessor

cont aj ne the cabinet, the fuel processor
i nch%fE’ r?gfﬂecgw HeRIESat rea‘it%ra%t{d@rco"]ﬁmrsélé“éf“f”ﬁ cggble of cooling the

Pr QE@SSOf refic®@Ch fhe iRathraf GOeAbaRt. subsyst em capabl e of
cool i ng ;ggr $ 8cessor reactor and the interior of the
cabi net aRfASETONE ARCCC G &) ARG ROWS" RIgH; SeEprising a cabinet; a

poxma@dac&yoﬁchﬁtarned mrtmaemgteme fiad fdeddyor itBudRiz§ PSS Eor
cessor..

react athird a ct .
thé ?a@%F fo*%? a9 %lfé:’d"cgssﬁ’é’ieﬁ%ﬁ g2 "88161“ SH‘QSY%FIP ﬁﬁiﬁgle of cooling the
pr qm:asoxrmactcmn@mesma?u oﬁﬂhé feaunla:t i (gl @llcombiaat mtﬂhsrdaulga and
~a proce ctor of t ue rocessor:;

coé’f’?”ﬁrﬁg f’%@‘eé?efa tea%%‘aratﬂig}' e Pie %‘H“’a&?ﬁ\‘?fé‘é‘? Eﬁhpmffﬁ%’f
convecti da aa}luScDasﬁd:ct thﬂrélis Ipﬂﬁldé@ ahRthod &rlcodln@ M b Qrocessor,
interior of a a |ne r e fuel roces§§%€t t he

ext 8PPV & RETEe 8 621 ?‘ﬁ o & PRIFEE §%5>F°fr° PIgRgsor; and
t heoblielid diculated fliid tiohihwhvectish, &efceihﬂkfefstlibna}%%ﬁt:ulattr@%ézﬁed

coprioh i sfer L P Phg o B| BAtStoR bV tsbeceing

r eah:dmhceé’sfor &aétuedndn{eqmeﬁ@wheamnetcool i ng the
circulatgﬂ fl ui,d thr ugh con(¥$t|on onvection
I

al so cir J?WSPF@H 15 provided {ethRg qrﬁ? g 8 POwEr Rlant,

c akbmgiisifgd tirdul@ing @ W6t arp Hadtigh b @rdcBRore¥dctdr ol ﬁiehﬁb&z@ébr and
or reactor and the interior of the

cooli.ng .t he )

cal§ PP e e g comveptiny e eenispia dpo g aating hested
appafaiitse m&@i&pﬁﬂ Sdabi@ét for tﬁaﬁcbvl?&‘ blano tHéRkteribf BEEHE@bling the
contai ned in cabi net fuel processor

t

i n@F%Eﬁs?fdﬁacg’rﬁF‘g% qgtor P@&EP fnet. 5 feed to the
Pr oces & filleaptd, theraRGr @1@@ @h Bifarafild DY GARBiIRkEa Rkl
coolin % t he ng E %@ act r and th? interior of the
caBHETOT RRE5Y Bk F‘f% H’EOC?Sé‘gé‘i‘c whing: g REogFsey|reactor; a
u S @ted @ the bfb@es%@i&bac%%&%%&ﬂant kubs Potehh &fp@blaﬁp&)@hmg t‘h@ ﬁxroeessor

rovu%%g owgg ﬁ conpri si.ng: a cabi net
f ué actopang (s o e aRiRg: 7 & Bngcte et least pae W@Fal user of
pr aegad @rockdl6d. udi Nng: a processor reactor generating a

r ef or mat e; feed to.the grocessor reactor; a cool ant
subsys 1)&& B%pﬁ?t gthgie 1s provided a power plant, comprising: a cabinet; a fuel

processor contained in the cabinet, the fuel processor including: a processor reactor
generating a reformate; a feed to the processor reactor; a coolant subsystem capable of
cooling the processor reactor and the interior of the cabinet; and a connection to at least
one external user of the fuel processor; and a fuel cell powered by the reformate

generated by the processor reactor of the fuel processor.
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cooling the processor reactor and the interior of the
cabi net; and a connection to at |east one external
user of the fuel processor; and a fuel cell powered by
the reformate generated by the processor reactor of
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of clarity, not all features of an actual

i npl ementation are described in this specification.
It will of course be appreciated that in the
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embodiment, the coolant 110 is water. More particularly, the pump 204 pumps the

coolant 110 from the reservoir 202 through the processor reactor 106 and a cooler
206, and back into the reservoir 202. The temperature controlled coolant 110 is also,
30  in this particular embodiment, supplied to and returned from one or more external
users 208 between the processor reactor 106 and the cooler 118 in the illustrated
embodiment. The “external users” 208 may include mechanical systems not
otherwise associated with the fuel processor 200 or any power plant of which it may
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WD 2004/ 090298 PCT/ US2004/ 009783 be associ ated. For
instance, the fuel processor 200 may power a power
plant for a building, and the external user 208 in
this situation may be the air conditioning/heating
mechani cal systemfor the building. s The processor
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25 reservoir 202 and circulated by the pump 204. The pump 204 circulates the coolant

110 to various parts of the processor reactor 106 and subsystems associated with it
through the feeds DES, SHIFT, INERT, and PROX (shown in FIG. 3) over the lines
212 - 215. Coolant 110 previously circulated to the processor reactor 106 is returned
to the coolant subsystem 102 through the feed RETURN (shown in FIG. 3) over the

30 line 218. Note that the coolant subsystem 102 is separate from the feed 104 and is
capable of circulating the coolant 110 through the processor reactor 106.




WO 2004/ 090298 PCT/ U82004/ 009783 Heat exchanged to
the coolant 110 by the processor reactor 106
conmponents i s dunped to the environnment through the
cool er 206. The cooler 206 in the illustrated
enbodi nent i ncludes two heat exchangers 304 and a
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by 25 1 n rat.i p
RS R S R A SR e

or fdwgh:ll:.b gan I‘é)terﬂhaihﬁdbneg a88, $i 0 eianiafeQBolamc Ieﬁ?fﬁ)h:uhﬂ teservoir

by e fee

?ng?? %o%l&d gbﬁ_)gant ﬁ?ﬁreﬁr%?;,ecaﬁosﬂ \’5hé1§§le glm%; og cr'oop 1 |‘16 %u&h the lmes

m 208, BEO dan bmcmtnolled xotdnkyen a groetsersh by\ngeratibbd)fehd puatp 2[0h,€but

eff ter t shown) fromthe 30

ope#g A%E%Fm?ﬁ% ro%%ég%%ﬂfeactor 106 may be
ﬁClrcuIated back |nto t he cool ant

In operation, the processor reactor 106 reforms the feed 104 into the hydrogen,
or hydrogen enriched, gas stream 108 and effluent byproducts, such as water. The
feed 104 in the illustrated embodiment conveys a fuel, air, and water mixture from an
oxidizer (not shown). Note that the effluent water byproduct (not shown) from the

30  operation of the processor reactor 106 may be circulated back into the coolant
subsystem 102 as a coolant 110 or may be drained from the fuel processor 200. FIG.
4 depic_ts a general process flow diagram illnstrating the process steps included in the

illustrative embodiments of the present inmvention. The following description
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subsystem 102 as a cool ant 110 or maybe drained from
the fuel processor 200. FIG 4 depicts a general
process flow diagramillustrating the process steps
included in the illustrative enbodi nents of the
present invention. The follow ng description 6 WO
98 PCT/ US2004/ 009783 associated with FIG 4
‘?gqg/é@%%d fromuUnited States Patent Applf’ Hyyegyoores
10/ 006, 963, entitled "Conpact Fuel Processor for
Pr Qekd&iteDwith I 4G9 8RptRl fhn Cased Sthibd Mbnt BESHRME 10/006,963,

2001, in the name of the inventaors Curtis L, Krausge
et oHitled 5iCampach Huel, Brgoessor| for Produgipg)a Hydspgsn i Righ Gy~ Nged
US2126:24t8109 480k OinAthe) nam® o IR in@ént s ClrBAL. YKrikh ek all, Bod JuBlished

shaqul d_apprecjate that _a certain anount of

or iy L5 300 5 ot s BB B0 AR T ow of ¢ he
J§eactants through the processor reactor 106. The fuel
pr ocessgr 200 feed 104 inclydes a hydrogcarbon fuel,

oxygen, OngrRf rdipay skiflim fheut shppld agprotals thabp cptein Aoevgk of
fo Ii)fﬁgﬂﬁsiﬁiho&der Q{Heédéﬂl ﬁﬂth%ﬂéw oPthe ﬁdd&ﬁi(’;s’iﬂﬂfdugl ﬂlhh/ pﬁb@gﬁar frddctor
0X wat er ¢ i, nf r.odyc S iquid or
va;yl g %?E‘EF?EFB?FS% 240 o0 1%6@%6 ?ﬂﬂiﬁ@%‘foﬂ%ﬁé o gy and water
CORRaNeNThe 3% el GArEhin BRI folY of bR, AAsicA af, ANAbRintislY pure
condi tiong, as discussed bel ow. 'Thﬁ fuel pracessor

et PRYBSHt 1S rElth 2R Ot 'BFORR a5pf HGRIA LT RNt Tl composition
i n@}erueﬁesgd eshysﬂmg@e{ad addehp6hia Ofte :ﬂe?ﬁiﬁjﬂ? 31 dth% QBsill Séperating
I NC e sone,. wate un nverte rocar bons, _carno
o RORIEES 2 (iFRPe PO, o 150 Fogh PACE MR dFeamyEOTR, o the
arERSne nverhion 'ﬁr{dﬁﬂ&s_ Kjﬂﬁi@f PN telrblie digxide Bd! dafl 91;&61 hﬁﬁﬂ? son(lje
ar gon, especi | alr S a CQ onent . o t he ee
ot P Pncgs}vs%%s E?dg?%r&% jcarogr, ‘%ﬂ%ﬁgg SPRities oledp nivdEpeen

15PI @Elf&Sant Broiybig) had indrt O6tBpaRGHH (Gl hiltbgen@RD Qb epbciallyiPair

reactions, a rtjal oxidation (fornmula I, below and
an W&ﬁ??oé‘??g’imt‘ggheséf‘%agﬁ?"t“@f orming (formula Il, bel ow),

are perfornmed to convert the feed stream 104 into a
synt hesj s gas cont ai ni ydrogen and .carbon nonoxi de.
For it ahrsie3irn & ooty EIPGRGE ok ih Gihchon A b ule
Wh efied dirmdie tHva Reactidhs,CO P il ki gtica Y fdnkela Ty Bl RO B QA opfidndH
+ YR02 -> 2H2 + CHA+H2O >3H2+CO (|.1). 25 The
oy o S TP BN Oy '%‘9“’% it PE%%WS&% PO Rt gl 1E S

an ixa ginthedis fal cdntAtiyMyHrogerfinh cgh@ manRide MorablbON oI are
%é%g%ga}ynreztmggn ;ogguqassvhlrel%?n%gﬂ?a\ﬁg -{s%oﬁ?dre;eh gsl thg 13}d90%£r'bgnl?

CH, + %20, > 2H; + CO 43

CHy+H;0->3H,+C0 ()

- 25 The feed 104 is received by the processor reactor 106 from an oxidizer {not shown).

A higher concentration of oxygen in the feed stream favors partial oxidation whereas
a higher concentration of water vapor favors sieam reforming. The ratios of oxygen
~ to hydrocarbon and water to hydrocarbon are therefore characterizing parameters that

affect the operating temperature and hydrogen yield.

30

The operating temperature of the autothermal reforming step A can range from
about 550° C to about 900° C, depending on the feed conditions and the catalyst. The
ratios, temperatures, and feed conditions are all examples of parameters controlled by
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|

a higher concentration of water vapor favors steam
reformng. The ratios of oxygen to hydrocarbon and
wat er to hydrocarbon are therefore characterizing
paranmeters that affect the operating tenperature and
hydrogen yield. 30 The operating tenperature of the

| reform ng step A can range fr 50
g%:zgcmg%gdg? 900 C, depending on the feed cgéq‘d}]%ipog}r@”%nd
the catalyst. The ratios, tenperatures, and feed
condé bmrmnlssyarem ﬁl ﬂhe SXAND Imenttbﬁa ealntﬁﬁneres egbodimedt e a

oy < et S Lo bty e e

en‘mwmnﬁ’mmnm‘alya. catal yst bed of a partial oxidation
catalyst in the reforner stage 210a with or wi thout a
steamreformng catalyst. s Process step Bis a

gool i nngespst@eB isar soelthg depapexiaraed i bkrgestazh Glot sHoewnior
for o t he synthesis tre mfrom.,pr SS

o 550l Sytbestaad Uit 1rom prokaSs ey 5y tempres®e.f Bomm
600 C m?ﬁlﬁ wadl ¢y pfefe%bl)a@ﬁ;klf ﬁboﬁﬂfﬁﬂ? tdﬁabaﬂ&ﬂuf @ 2oprepard e
prep aret e erature. o e synt hesi s s t
P orBiREHT g s STEiees B8 (i1t B G PP C ised below
CoaltisngpoliBy mae tRClvhivEld with tHeathels, Béab kShes e deatPiORS @S

h h 10 depepdi the d
S dep e I b e mecThateR ca! el S eeerbe hea

he aiantez::’t ofthe lg‘ds stofamt daﬁlggﬁyasuscame@ﬁa dﬁ‘zbdlﬁlt lal-'t)t uﬁtﬁh&e@ﬂhle €oolant
of coo ant
pr 8ré§%°e§tst§]ﬁ) Wﬁ%ﬁémﬁ ?@d’gp’ﬁ ?’Tgﬂgﬁfm’ﬁﬂh@ cool ant

- subsystem 102. Process step C |s a purifying step,

erforned in the .desul rizati and
B! oy S PTHLR b & (PO Eiep b PAT Sl e PR pfEizton S

1absnthend emfloye e dxhie (ZHB) 3 J ]mﬂttfgbrt Me%sdﬂfbﬁt One of the

hyd ban st [ | f IS, . ted
R b B P Boehion e i il Byl By oo Y dae
Th ezlupﬁemesd siftrgingosted Asie d:lydxﬁgenﬁ‘rulﬂﬂe.s SI'h‘é_tIﬁcrbe@n@rflfe‘Eﬁﬁlfbliy
i ncl udes C | or. ot he er|.a C e

abdor b Séepaﬁdjr%érﬁ %r‘f“f'ﬁ% 5 BPEr gb%na%‘g}ﬂf f ,ma%ﬁ% ??B?}’?e of

i nabsodkdngand umpatitg l(ﬁrogen sutfidaahd taby me':l@deez)@hjimd@ £, monolith,

el ) uri.zation e
Lo Bt PR 3B BB g
.ac csol:ﬁdammatewntalmotdamceﬁrothltﬁ/ﬂalﬂ@ﬂ@ﬂ@h@@ﬁmﬁmm.:I alll:
H25+Zn§,’d % I r}es reaction is preferably
carrie %ut a %b R@pe of from about 300 Cto
‘ abdiit reaction is preferably carned out at a temperature of from about 300° C to about
500° C, and more preferably fom about 375° C to about 425° C. '

25
Still referring to FIG. 4, the effluent stream may then be sent to a mixing step

D performed in module (not shown), in which water received from a water subsystem

(not shown) is optionally added to the gas stream. The addition of water lowers the

- temperature of the reactant stream as it véporizes and supplies more water for the

30 water gas shift reaction of process step E (discussed below). The water vapor and
other effluent stream components are mixed by being passed through a processing

~ core of inert materials such as ceramic beads or other similar materials that effectively

mix and/or assist in the vaporization of the water. Alternatively, any additional water
-8-.




500 C, and nore preferably fromabout 375 C to about
425 C. 25 Still referring to FIG 4, the effluent
stream nmay then be sent to a mxing step D perforned
in nmodul e (not shown), in which water received froma
wat er subsystem (not shown) is optionally added to
WhQoasest ream The addition of water |owghs,dbhe7ss
tenperature of the reactant streamas it vaporlzes and
supplies nore water for the 30 water gas shift

I e aed bedniradiiicad maih €z, aai e nﬁuﬁgiétmbadpds'eﬂomd)to probvide better
wat er. v an ot her, stre e
et 9 Bl .S o E R 1 oA o

i neerperabireis hlad onsoliEh bathe catmbhaysterh eftispredentativeationsi m | ar
materials that effectively mx and/or assist in the
vapori zation of the water. Alternatively, any

addi ti oPratessnatpel, perforiiéd iﬁ@]ﬁb@hﬂ&@a&%l(}eﬁi b U8R Gab/shiRGZB Bon
ca uced w the .m xi an
po Sl B Rs s B aE solie MRl y B R
OX|dantthsCDn+EheCE@GNX|datlon step G (dlscussed
Eglg?‘ ci)ncen oen n? g &y %:LtoH({xgdg esn?u(l SO C ower rt8 éaeleveFﬂlat
. steml tobﬁteﬂ oy IﬁBﬁca]IS; min:eﬂﬁlmldvt S(Spmg eGéﬁ&z@lty theswater wast shift

ICaII%?SQOInI]Cita%:a% fafena{% é%r&’pgjljahgeﬁ g\é\%gltlﬁooc@ F%gqbarq)%gXI de t

- Hﬂalj*st@ﬁbﬂ Un¥ér sddh@oitves ﬁﬁomaifmma:eén mafobme e @slsﬁl@m
shoul d abl b,@lll owered to.a ﬁ’é‘ that can
tollse?o § EIPEe @af FOPCBRRER %?)mﬁf?rﬁ”amem
Gerc&;maklbcyby th&\ﬁnM%ﬁtengﬂ‘ﬁe@Pdsérﬁ invémbioi.eact i on can t ake
pl ace at tenperatures of from 150 C to 600 C dependi ng
on the catal yst used. Under such conditions, nost of
1t he carRauminp B t6l BTG @, proiesOap FSharmBd ih the a0 viRsd 21dd, lin

. This t erature and cong ntratlon are, nor
barirarERe %%%%f%%ﬁé%‘g? R T S v 4 PO e
pr effkiait haﬁﬂ@lﬁén@ﬁrahieﬁpr&@xhbl’f/ i the r@a@@bNfréd abdut90%4C to about

og§s$ ep F, perfornmed in the inert st age 210d, is

d é"%ﬁﬂ’é rompsp G sulsystqny Grofshowp) fe @lso adtied fouihp 8105858 e
of step €. PRSox§hdnEAIShuhe b PMY BRI of Blobdsy QB G BT balow.
tenperature preferably in the range of from about 90 C
® o about 150 C. Oxygen froman air subsystem (not

shown) prscedd si6p adgahringl e RFIGaSE bdatish 8Red 210EN® an

en.is co suned b¥ t he reactions of process ste
deg%-}dﬁtpj‘@&t%@[ all of the remaining carbon monoxide in the effluent

stream is converted to carbon dioxide. The processing is carried out in the presence

of a catalyst for the oxidation of carbon monoxide. Two reactions occur in process
25 step G: the desired oxidation of carbon monoxide (formula V) and the undesire&
oxidation of hydrogen (formula VI) as follows:
CO+ %0; — COy (V)
H; + %50, — H;0O (VI)
The preferential oxidation of carbon monoxide is favored by low temperatures. Since
30  both reactions produce heat it may be advantageous to optionally include a cooling
element such as a cooling coil, disposed within the process. The operating

temperature of process is preferably kept in the range of from about 90° C to about
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Process step G perforned in the preferentia
‘oxi dation stage 210e, is an oxidation step wherein
al nrost all of the renmining carbon nonoxide in the
effluent streamis converted to carbon dioxide. The
processing is carried out in the presence of a

t for the oxidation of carbon nono T
§g§§#¥%%§ occur in process 25 step G the%g@ﬁgg%@%ws
oxi dati on of carbon nonoxide (formula V) and the
undged ¢, G?&ioce@@teﬂrﬂ fe@ﬁbe@ﬁe BaBna ARG RN eMa)) d&s than 50
fol | ows:. QO+ / 0 oy POr R BT Pheibiably s then 5
préPE&@WW#%PSE?*HéﬁﬂéW”E?méﬁﬂﬁ%ﬁ nDnOX|de |s favored
by Iom1tenperatures Since 30 both reactions produce
heat it _ma dvant ageous to optionally include a
cool i ngths f%‘?‘f"é ?8ﬁf@ﬁg§3§ fael prosTsPds & Bydrogey riglheps eeptaining

M tohibBn HRRIAPAC 8Sr cohRfuAROKIAM Rey bl SRREE &l # wker, inert
process is preferably kept in the range of from about

90 empIRenty (g nitregen, V@%Gﬁﬁ@g@s}@m@w e52 Going a7 may be

15Gis63. as RicOREBfr § AP odB drasiities a%)ll@ati‘éﬁsr VR Qﬁﬁ&a@eﬁi Bich feed
level to preferably | ess than which is a

s ureRB 18 dPRRsLl OPRRIALS BroF: SRSV eI I8, On P BB ToreB 108
- eXickdnige, tembuiahe RIHRR BBHIAE, waktr 6 olHERGPBRnLsi Ch gas
-contalnlng 5 carbon dioxide and other constituents
Yhi ch may be present such as water, inert conponents

(e.g., Wbtk riegesh ﬁrta@paocesg eigpsdaial G BeAkRoM occts Githin
Produ&%ggas ma ed as the feed for a fuel cell

or SPHHCH @R P?gf%\t PLECIRf sraeratuyey #y thejpges pre potaaigial

St e & prictide Sif iad mv@ﬁblh 0 ']ﬁtiebd{ thed ke Cng Gder BB YhDReps O
-on.ta further processj. for. exanple, to renove 'the

car BB FRERALT a@mﬁ&f&?@l B oneis EWHSA disrnoduptpangiiean 108

15I h &br a%’ﬂsféh aﬁﬁmﬁﬂbﬁ FRECHS freSitcBapofutmresEn AR IGH RBL: ARRY Qill
ur.s ecifie nperature ranges. The

pr & fiyen HEQ?% T SPEGIG WHFED S r e not materi al

to the practice of the |nvent|on Indeed t he nature

and order of the s S ar |nplenentat|on speci fi

dopend| AUORE FEED THE 1 A s FORSH CRIBELTHIE ' 1o i

1 O&elp acHieve tii tepeRure it the ﬁbbdﬁﬂstcp-EfAUSF ﬁﬁaev&meg @ be in a
re._rapnges wll e.driven

eratures e
2"by VR PR RSRES &i n%ﬂffg 85@38 Fhges f]‘)@s.?g}ﬂe t551elp¢ by ffegpective branch
Retzmam (013 0 6ﬂ\/tHe0:oElhﬁ3. suasyaad 162.G. Th3, teapeRatf® GbRAL S; of each
era ne} c::Logl 0 u2c‘2%d - ﬁSd senses the temperature within its respective
stage 210b — 210e. If the temperature within the respective stage 210b — 210e

approaches or exceeds the upper bound of the desired temperature range for the

. 25  respective process step A - G, the respective temperature control unit 228a — 228d

opens the respective actuator 230a — 230d to increase the flow of coolant 110

therethrough. If the temperature within the respective stage 210b — 210e approaches

or exceeds the lower bound of the desired temperature range for the respective

process step A — G, the respective temperature control umit 228a — 228d closes the
30 respective actuator 230a —230d to decrease the flow of coolant 110 therethrough.

As the temperature control units 228a — 228d control the temperature within

their respective stages 210b — 210e, the coolant 110 is circulated through the cooler
-10 -




hel p achi eve the tenperatures for the process steps A
- F, whatever they may be in a 20 given enbodi nent.
Each of the stages 210b - 210e is cooled by a
respective branch 226a - 226d of the cool ant subsystem
102. The tenperature sensor S; of each tenperature
nit 228a - 228d senses the tenperature wthin
f?g%?géggctlve stage 210b - 210e. |If theEegW%gF@PJPe
w thin the respective stage 210b - 210e approaches or

ex 26 Ahe hBR cktBRGEd BoM At sBes 2160 A2 806 M&Hﬁ@&@&%&hﬂe

r th 25 respective process
2\8&&% SHEHDEC ARPEP- 118 PSercropmlishst by, e tans é@gblowea@a acreﬁséfﬁs
t hBeat @&Eﬂfé&rb ‘8&4 aBIoWﬁngﬁe BB8%0ss th%%@ﬁ ekéhahgé%r R23Ro kddves

flow ooI nt 110 t heret hrou he tenperature
wi Bt bt 2 o gl e cabines L o BT o
5ex ﬂeedﬁnat Inez Is@u8Ed RoHNEbotht dubgsteaSion eshﬂfoermgeﬁ éﬁ‘ﬁtﬁxes of

e for the respective process step A -
E%@EF?%SqFéhpgFﬁ?%?%ﬁ%ﬁﬁﬁf%1eunlt 228a - 228d cl oses

the 30 respective actuator 230a - 230d to decrease the
flow of, caplant 110 therethrou t he te erature
controﬁﬁdﬂﬁggqﬁﬁﬁém §§§5”88W@%2WW¥%@B g?%@@kmme
Wi £il8l procetsBE100 if EBEECHIIMAySidagiesl &%ﬁibnent@ﬂe@ GhowhNQs should
[apt 110, ircylated through the cooler -10 WO

w5085 B gy Podsdanctey HE s, vorhd Raete b EHSEd

f r mntesdse HGag e.slngtemy illdkfes 4 ﬁleﬂbunp@dﬁ Blakt M0 in which the
1S IS

here cr bove
BB St Do paR=a e TuoT s Sromm b besvenete
h eadll 2CIThogOIE plﬁﬁt45003§ Q¢ lﬂggratB& Iﬂivd'er ﬁlﬁaﬂt]?zses tEJ‘ﬁneﬁﬁ&l' of
ers SO. e Ves alr r
ﬁﬁhﬂ?é? eiSE’zf"l%oaﬂ? fhe f&?ltc e PGy %Fﬁﬂi@w@% Aag %fhlﬂoceﬂﬂﬁukﬂz
15t hendi fdl eéli ?4 204 bgh héigedcia RicAehct 1112% Tht% fﬁél@élﬁfm%pr%ﬁif%bly a
ups e eratures o
¢ B Rt KReeh g uof Rl (BREC): Hent Eni Rioiga gashangs
\é\n Mexfnbﬂnfaﬂlm €eil @tpemlmd ). tH@a@m} Bthégped lof ﬁi&BbﬂlI? 8139 B&used.
enert I (0] | S | S sure ue rocessor in

ol e 1*£%‘1 of aﬂ HW%“%&%LBWE Catif i SUCRAn

s hmtegxdted j)ﬁ)wﬁ Ipset. bﬂma p@ﬁ@@h@ﬁ@ﬁms wlag bk bkﬁbloﬁeﬂ@ﬁi epsar plafto
e tq a variety of different contexts. FIG 5
é%?’gﬁﬁVe I lustrates a fuel cell power plant 500
|n whi ch the processor reactor ("PR") 106 produces

t he hydr p uel 502.
The po%%S&%F%'gﬁgﬁ% ﬁ?gé hﬁgg%mﬁghgm 8%5@“H|%htwmﬁ
i ﬁummmﬂecmmemaﬂwnmﬂﬂ&&ﬂﬁpﬁhmﬂﬁﬂm@ﬁsﬁgn&ﬂﬂyand t he
fuel cell 504 are int endent . e fue rocessaql,,
105 16 ana o RpeSar et BRSRNG: i Adteetel el i
25112. The f ubdt pexbrins o) dxildsiopredhiction bdaytion that reforms a fael input
to the fiel processor 100 into a gas 108 for the fuel cell 502;

an oxidizer 506, which is an anode tailgas oxidizer (“ATO™) in the

2

O

illustrated embodiment, that preheats water, fuel, and air to create a
fuel mixture delivered as the feed 104 to the processor reactor 106;

30 . a fuel subsystem 508, that delivers an input fuel (natural gas, in the
illustrated embodiment) to the oxidizer 506 for mixing into the feed

104 delivered to the processor reactor 106;
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typical Polynmer Electrolyte Fuel Cell ("PEFC'), also
known as Proton Exchange Menbrane Fuel Cel

("PEMFC'). However, other types of fuel cells nmay be
used. Note that not all aspects of the invention are
limted to application in such an integrated power

Wb 3Rk, us, sone enbodi ments may be enpl in a
pomero%%gnt 20 that is not integrated. lg&ﬁﬁgmwmwws

enbodi ment illustrated in FIG 5, the fuel processor
200 nore  palvates bibaysledr 510, R4t d8IBRrsSRWE ftthe APOBH& For mixing

physi cal subsyst napel y: the processor_ reactor

106, whi ch 2 E’ﬁ?%@_%%dﬁ@mm%mfwmeﬂ%ﬂﬁ@), 25
th?t per f o][ mﬁﬁ@@b@ysteﬂmn,qmm ﬂaflﬁéﬁltairwthemzo@g%ﬂoxﬁaﬁa_ g into
reforms a fyel_i . to the fuel processor into a
gas 108 for Lé{quedﬂﬁzgtﬁehg%ﬂ to gﬁi’,mc%‘ﬁo%%cﬁf 406, whi ch
s s an anode atcadling afbsyRindi0Z Shat Corfyb tdmpeitdrdden the operation of
illustrated _enbodi nent, that preheats_water, fuel, and

air to creath¥PLcesser&sacing 1064 amarner B 28V¢ he f eed
104ht povdi@lapr SWOQRS Gcluti@ard &hﬁ&l@?s‘ten?: 61 4hit EEhtrokURS yRtaE60

508, .that delivers an input fuel (natural gas, in.th

1 Ohep oY Bl Ao 4rie) Otk exeenirelhy i comtd Syt s they

106 L 20041 090758 PCHL US04, 500155 a vt o
- a wat er

05y @%P&faéﬁ%’i} EQ“P‘FFa??g"d“ Bhees desgrlied 998 t he ATO 206 for

mxing into the feed 104 delivered to the processor

reactor,_106; . ait subsystem. 512, that deljvers air .
to the PRSI Biplemenie 4°ﬁt°s the;churol gystpmy 54 it S19RR iy

t 0 FIGe2, iy ileR3R0 in FIGAGA @fid TIER 6BAMNbtHhAL, i6 @8thPdHibodiments, the
subs sﬁe 102, .that. controls tenperatures in the

op&PRPr BBy e PIRRLE 982 PRREMS SYSIT Cqpriyng A Agper of
1sdesanpivas sadho¥e the Tévatrl OsyeEmPS BN teadhOOf #hER MMHC LHHBE sbhe

control, syst 14 that contrgls the operatjon of the
po it SR e B o, 66 Ml ol ilont HE g bt
c oliitustpdtedsyrstiodiment] the ic@mpuiifg agpasifve 568 thneols @Ntafpetts bOihe filkkp
process

f..t he processor reactor,106 through the, Q
P BeERRer J0n bpSaBh S BR rehs3 Sl 3 B pomp @t bprar sl s
ab cack-motied, par debdnd: B rativpb@nEih all EabodeRts0 Tudebt this aspect
control .system5 first sho i.n FLG IS .
;| P& gFeop e thont i i R o 8 praghifeof e PV entign s Jhe
e moooputieg ppardhi3es00 may be implemented as a desktop personal computer, a

workstation, a notebook or laptop computer, an embedded processor, or the like.

The computing apparatus 600 illustrated in FIG. 6A and FIG. 6B includes a

25 processor 605 commumicating with storage 610 over a bus system 615. The storage
610 may include a hard disk and/or random access memory (“RAM™) and/or
removable storage such as a floppy magnetic disk 617 and an optical disk 620. The
storage 610 is encoded with a data structure 625 storing the data set acquired as
discussed above, an operating system 630, user interface software 635, and an

30 application 665. The user interface software 635, in conjunction with a display 640,
_ implements a user interface 645. The user interface 645 may include peripheral /O
devices such as a key pad or keyboard 650, a mouse 655, or a joystick 660. The
processor 605 runs under the control of the operating system 630, which may be
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control system may be inplenented on a conputing
system conprising a nunber of 1s conputers such as the
control system 514, each of which may control sone
desi gnated facet of the operation of the fue
processor 100. However, in the illustrated

] t, the conputing apparatus 600 cgntrols al
ggg@%?gﬁﬁf the fuel processor 100 operatrgﬁn%g?m%ﬁﬁer
manual control. The conputing apparatus 600 is
I 2CHacHEIN b@yfopeRitihe $Y6H Iidin 1B ErelaRC Hhﬁﬁifﬂ:ﬁ&aﬁgu 603 i@inboked by
e diments. Indeed, this aspect 20 of  any given
i :Bﬁf'e RFHE; HifEm; §3% GPOTBO%ET | W E¥ht Pre Dffa dterdingo o tthe
| NVigPleiematioh BEthe GRMANE dyigm@PRar at us 600 may be
i npl enented as a desktop personal conputer, a
wor kst ati on, a notebook or |aptop conputer, an

enmbeddesord RS OF the Abtaildd Wedctifions A€ Mﬁl&ej&;ﬁﬂﬂ resented
apparat us_ 600 |Ilustrateg@|n FI.G . 6A and FI é%?

i ncP (8 of2 solvay Funleusgied grsess SRplnecTmbAlly iRpregsntations of
St apagond bl dA4EHits AwilhitS a HefiloSMnbal Bomphfify SYsRiPECa chdfhting
may, i.ncl.yde hard di sk and/ or raﬂggn1access menpr

(" RAKFS R d5voripHauR B preseRipt s ares the gespospsecby s the art
NG gost @ffebtisdly EohfeyticknBilanodéf thedd welk flotRAQKLiNIdR the art. The
storage 610 is encodeg W iha data structure 625
1S GRS PP A PRt o S, Il
opeg@tgh agtl ﬁe{:&{sﬁﬂy &g&e qti%ﬁﬁesl ke m_‘eaft@@a ?pfekym&a]g;tlﬁ%eﬁc@ Bl
an pplicati .. The user interface software
63§,Pt(1)"r31‘611 S@Bﬁ‘f Lﬁ%”ﬂéoﬁfﬁ aﬂ% stored; digpsisrregs pombinefy corpRarRds 23d
US @ithetwitehdrayiiatdd4 5 had BRvtS®bvenithed: tigeg pBadipallR Yor irdhednd A€
peripheral 1/0O _devices such as % kexﬁﬁad or. keyboard
65 TR B8 BT 10 eseﬁ%ﬂat}éf Pitsx vadts®, clepga's, spbRls Sgroters,
160 Gerpgimmbes| @F the lige. cont rol .of the operating system

- 630, which may be 12 WD 2004/ 090298 PCTI US2004/ 009783

practically any operating systemknown to the art. The
appl i caltisimnldeDoins il ninOKReRy, thit AR oDBEkAhd HGilE Y& B to

630 upon. we , reset, .or. both, dependin n the,
o REREEE ol P e sl GRS b B hgadenient

' poriitie mﬁplihlﬂ td thesed@imdifibse drkas Eﬂebiﬂt:zill?l’sﬁ\teh %}f ethfrwie @s may be
consequent resented .. i.n terns a.softwar )

o AP Rt TR gist s g Bt ions B 36 B con 4l
of prepeesalf koelschonic datia, thathemnipulhies ﬁdhd&raﬁﬁ’difﬁié ﬁlath fepResented as
conput i systemor.a co i ng..device. These . -
Goohenl usrlohic maoien of SRRl s Pt Slniseiony
t he®eage intd bikeralot: sinfilorlyepiesetell @Cpliyvied] Yumatiosesthinthe storage,
substance of. theirf rk.to hers skilled in the art.
Tt i Bafrilioh F b0t EABRBT o 1yt detotte 3«

asmareptiptn ans  ofithgity dindtalonguihat itdnhe s “prédessitle]’y ,“computing,”

“calculating,” “determining,” “displaying,” and the like.

Note also that the software implemented aspects of the invention are typically

encoded on some form of program storage medium or implemented over some type of

30 fransmission medium. The program storage medium may be magnetic (e.g., a floppy
disk or a hard drive) or optical (e.g., a compact disk read only memory, or “CD
ROM?”), and may be read only or random access. Similarly, the transmission medium

may be twi_sted wire pairs, coaxial cable, optical fiber, or some other suitable
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t hough not necessarily, these quantities take the form
of electrical, magnetic, or optical signals capable
of being stored, transferred, conbined, conpared, and
ot herwi se mani pul ated. It has proven conveni ent at
times, principally for reasons of comobn usage, to
&Saﬁ)?%gmthese signals as bits, values, elenents

characters, is terns, nunbers, EF”?%@”@@W@

It shoul d be borne in mnd, however, that all of these
an drafidntiislof nclighBos B thart. bﬁle %%%ﬁ’:ﬁh% RA h}ﬁﬁtmyttﬂ(%e aspects
appropri ate phyS|caI quantities and are merely

c orPl &t sien implegpseiatiotapp| j ed to these quantifies. Unless
speC|f|caIIy stated or otherw se as nay be 20
apparent rou hout_the present disclosure, these

descri p¥¥ eallyt ustmies dhet prsertignal ntgfise dstyesen dfe Fisl

£ 8RdERR 1©0 ‘M@d’th@ Gi"uel fc@lﬁsﬁmﬁ@ﬂ PALERIAR] 52 05f BE MRerface.
dat a represente hysical (electronic, (@Pnetlc

or Bdecaent $eiff7@ Wiieh cogleat 1dP ey bo pircelated ioeehe;

st QbaGe shm@en@tib@r ﬂ@t}@atséxﬁﬁa!nger ksycoﬁlﬁmeest%ﬁg%da @Snperature
physi cal qgﬁntltles withint stora or in
t r SR Wl @R that thegtidssthefi W&ﬁ%elmﬁ%é&ﬁv%y thgfheat jggchanger

t erB raRnatd t@ %essh&fsgd i@mgéatﬁix%%? fhb @Ltréaﬁn.l()@r Fhe t%ﬁéﬂaﬁﬁ&% control
limtation, process “conput i ng,

10 ¢ 3Pt (P ds ﬂiy mﬂfr@@é@ar% Foprol sysfams-“dﬂawbrgsameawn%rwé the

| i k@npeMiphé @S0 uhikadosh hem@f t Y@k ek MRheaRhhed ROPAE Ee
of the |nvent|on are typically encoded on Sonme form

of SIRRSEFEHTOEEY N&’@%@@H’Pﬂ?ﬁ irthif pesticule prledingsib R PegROL the
t Yy RBol&Ht subSfdtetl1@PSNM ssi on medi um The program st orage
medi um may be magnetic (e.g., a floppy disk or a hard
drive) or optical (e.g., a conpact disk read only
mermr y IR conéidles BOWEtliled ARGriFTRY. ﬂ%ﬂaﬁﬁﬁia@ﬂb}émﬂénﬁ am&m

ccC Simlarly, the transm ssion_medi um
t Wi ?"é aml%atwap% as the Fvprdion gigp pemodifing aeépra‘fncaﬁp diffgpent

- SOt QuivEEnt ShbinbhedDhParent kS thHkd &8R4 HDRO 28 Baving the beneﬁt of the
PCT/ US2004/ Q09783 . transm ssi on nmedi um known to

ar t2chpes heginnt Fufhepiers, o imiitiony) 45, tedek t%é%%é?%ﬂs 8f

anYotric®ion braekiRAIRdhb AR - otet fan o€ deCARAIiE Bk bMims below. Itis
erational |nterface bet ween t he fuel

|IIustrate t he

s pheedue &y en&g'et G eprbqviar prglgdirgeafs dissiogeds FopE mBHRARCT oF
FI (ﬁ;]od&ed Im:?gb Eth:ﬁtvaﬁzﬂﬁnd mﬁ& Qgﬂsﬂﬁﬁii wﬂ!hﬁﬁﬂi% d&pe andn éiﬁ!ﬂit of the
exchan er thro i.ch coal ant ma
i PR AP, SW%%@% PRSI FUgI ST 8,75 thz‘y bty o epicns
exoBlaRge is controlled through a tenperature contro
unit 702 that throttles the flow of the coolant 110
t hrough the heat exchanger
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700 responsive to the sensed tenperature of the stream
108. The tenperature control 10 unit 702 is al so
controlled by the control system514 in the sane
manner as the tenperature control units 228a - 228d.
Thus, the heat exchanger 700 and the tenperature
control unit 702 conprisegciispgthi s particul ar

enbodi ment, a portion of the ™cool ant subsystem 102.
i's THP &PPAENSICORRENehe det ai | ed descr i ption. The

par t & cablnatt arirbodi ment s di scl osed above are

illTustrative only. s the.invention maybe nodified and
pract f”%@"a" RO 1g?d21mhe D 3“&&311’?}810&?%%0){}?&%%%5

apparent tpotdsoseaddi |l ed in the art having the
benefit o t ' in. Furthernore, no
Pt at i onetdB e R gL N T 6ot
const r uct # enlasubziem pppalde ef agolsigdiwrprocotsdraractehand s
descri bed in th{gs Aursahgkow. It is 20 therefore
evident that the particul ar enbodi nents di scl osed
above may be altered or nodified and all such

2.var i ‘Bitel fodd grodds@r 6006 d ewReimiht PioBesidd Ra&6aRBdeNd 181 i t

of th Lnvention. Accordingl t he .prot ecti on sought
por of o8 SRE o b REE (ol lanebtuld Bl 5
CLAI M5 1reacfipn éhppar, at us, conprising: a cabinet; and a

fuel, RLHGESSW ag%ryf?écaﬁga 8 1 Fof ARARE Line N rehridGiha
processor 1 hcluding: & processor reactor: ALt o
t he procedswiurtheelfast; and a cool ant subsystem capabl e

of  COBld fkkeLhBLIPLACRIIRY thd RACEN malodii8ee At eri or of
t he cabi n%te.ﬂg. The fuél rocessor o(f) C g?m 1, wherein

the proceXggninpguptishitrprciondbacss | east: a first

st agefoa@spigt eapaiile sRERIVItgME ftdiGrohaBhAndage@rd or m ng an
autot hermal. r.eacti ogsﬁiger eon; a secgnd st age capabl e

of recei VIHY T FeR ShfiReR2pd st age and
r enoaiiftigitage tupatgeidifreneivin @recfaddivm the bl thes hriige capabl e
of receiy r&&eét?ﬁ}é%&@%}lé {hgggcéi\b%fg‘e%? ond stage and

performng a reaction thereon ;

s

3. The fuel processor of claim 1, wherein the feed to the processor reactor conveys a fuel,

air, and water mixture.

4, The apparatus of claim 1, wherein the coolant subsystem is capable of receiving coolant
circulated from the processor reactor and exchanging heat therefrom to cool the processor reactor
and capable of circulating heat from the interior of the cabinet to the exterior of the cabinet to cool

the interior of the cabinet.

5. The apparatus of claim 4, wherein the coolant subsystem comprises:
a heat exchanger; and

an air blower capable of cooling the heat exchanger and the cabinet interior by

convection.

6. -~ The apparatus of claim 5, wherein the coolant subsystem further comprises:

a second heat exchanger; and

-15-




a fourth stage capable of receiving the feed fromthe
third stage and performng a second shift reaction
thereon; and a fifth stage capable of receiving the
feed fromthe fourth stage and preferentially
oxidizing the received feed. 3. The fuel processor of
cl ai MckondWSIRichcabdtle Sre6Hint Be E&?eﬂ%ﬁe&&@r%ﬁ@&e Ea%ﬁ\%lt ifderior by
conveys a fuel, air, and water m xture.

appa?é?ﬁ@mbf claim 1, wherein the cool ant subsysten1is
capabl e of rece|V|ng coolant circulated fromthe

processor C ng heat therefro
"cool ﬁ%’l’am‘a% %fI cleigp 4y d%%‘&% S Cogapy CRPEST & gt oBy ?f?tﬂfe&nghfgol
Mhéhmﬁhndmﬂmhe interior of the cabinet to the exterior

of the cabinet to cool the interior of the cabinet.

5. The apparatus of claim4, wherein the cool ant
8.5 ubs Yt aepAraes S elise s whergintlsapolent stbartyarincladesia envleagapable of

rebélﬁﬂgﬁ!ool@lﬁQﬁ‘@ila@edcﬂonptﬁé’!)ﬂo%ot’ Reead ex@ﬁ%ﬁgiﬁgﬂe%f th@BEhnf L capable

aanet aﬁ%erlor convection. 6. garatus 0

offrelflafing heapjroup @Fl‘f’t?f’rﬁ’é"fd%?ag‘ﬂ?t tfs%eme?ﬁtﬁﬁa iRy
conprises: a second heat exchanger and 15 a second
air Iomer ca b & 9f ..co heat exchanger and

the & ¥h 3W1o Eﬁ?“%ﬁéﬁg 8ﬁwmfmﬂ?ﬁ@ ar at us
of ca womtzstora&h eapablnof sheing mllaameceﬁ/emﬁm #rodlér; dindast one

of Wil ca@pllo cohol . 8. The
appgggtugaop c?ggﬁw¥t\ﬁéﬁiﬁmﬁgﬁeﬁcgnFﬁ%?mgﬁbsystem
i ncl udes a cool er capable of receiving cool ant

1gi 1 cmeapawsro@mme“a&aﬁ%%%a croBAHs0 and exchangi ng
heat therefrom and capabl e circulating heat from

t he ?W?%?ﬂﬁ?g%fmﬁhe cabi net to the exterior of the

cabidnetr bloQer chpdleiTpadliak the hat exchabdaf th¥OIBE! iftelid? By
cool ant sub§¥sten1further i ncludes: a cool ant storage

capabl e of"™§t%™ ng cool ant received fromthe cool er;
and a punp capabl e of punping the stored cool ant to

t he e 0. The atus of claim S8,

11

ﬂ&%&%ﬁémg?%% ﬁot%%%??%8§¥&£§‘ B3t & hanger; and
an aﬂﬁec%ﬁb%eﬂctmpetbékné of cooling the heat exchanger

and §d3&n8 &Phiogtr hbRME &roiixpé’the heat exchanger and the cabinet

interior by convection.
12. The apparatus of claim 9, wherein the coolant storage comprises a tank.

13, The apparatus of claim 1, wherein the coolant subsystem includes:

a cooler capable of receiving coolant circulated from the processor reactor and

exchanging heat therefrom;
a coolant storage capable of storing coolant received from the cooler; and

a pump capable of pumping the stored coolant to the process reactor.
14, The apparatus of claim 1, further comprising:

an oxidizer capable of heating fuel, water, and air and feeding the mixture to

the process reactor via the feed;
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convection. 11. The apparatus of claim 10, wherein the
cooler further conprises: a second heat exchanger;
and a second air bl ower capable of cooling the heat
exchanger and the cabinet interior by convection. 12.
The apparatus of claim9, wherein the coolant storage

CONMpA& r&pﬁﬁlﬁy Eﬁ%tem ot Brovilhi€ nPH @fe%&f&&elof claiml,
wherei n the cool ant. subsystem i ncludes: a cooler

capaBW@mﬁ?'%@@%F@FW@O%QRW%H&W%W?%@F@F@ﬁ”fron1the

pr oc ass0subdyaas bagablablbrovae Witg ilagxiorat therefrom a

cool ant storage capable of storing coolant received
fromthe cooler; and a punp capable of punping the

15t or €k appwhtesdf clamn t, Hethpr ooessny e@eieotion td the fubh@ocessor at least
otRRafatNs of claiml, further conprising: an oxidizer
capabl e of heating fuel, water, and air and feeding

the mxture to the process reactor via the feed; -16

1@ fughe @H@Qhé’ot‘%ﬁm ¥ tvﬁé}hﬁ’ fhe RERYd ] @&nﬂrﬂ&lan bRt B an infet
oxi di (@gter subs sten1capab|e of providing water

thyeyeh % Cfb';éf"é‘i fmay bggirgilgieds yhsyst em capabl e of
prOV|d|ng air to t he oxidizer. 15. The apparatus of
tion the f.uel

Ia| furt Q onne
sr ocg%e;%‘?l PRt esfoer é’g(galﬂlgh‘gﬁeé?’?% ﬁ%{’l g?ySteTé““ Fi{gmprises
appa# pltughty of tembaratine téntroinuéss, @dh tetnlq:eraﬁme’m&dlluﬁlmncludmg
-CONPY {epfict th
coolants mgﬁggﬂ@f§§ggaté%&m%@&(4 = &8#91 ocgggg% of
claim 1, RBesssr reaqiordhroush whish ﬂ@@b@wtwmﬂwgm@

CONMPAd RQ8tor ébefdlel k@hdnbiVe BincERREE éﬂgt@re GORL 1509111011%“ ts,
each tel’rpﬁr ature control unit includi ng. a

t enper at u poitledn Sp oksoplantigoueh dewatiger at ure of t he
coolant in a portion of the processor reactor through
lgm R th% ool ant.is circulating;, and an actuator
operafe deP§§b8W§m¢§ ‘to the sensed tenperature in the
porta@hinttp throttle to flow of coolant through the

port A ﬁg'prolt:g&o&oﬁ%%dr n Exle %&ﬁ) niet, G2 {)r%ceggsr mclad i abl net;
a processor reactor
a feed to the processor reactor; and
a coolant subsystem capable of cooling the processor reactor and the
interior of the cabinet.
a fuel cell contained in the cabinet and powered by the reformate generated by

the processor reactor of the fuel processor.

19, The fuel processor of claim 18, wherein the processor reactor includes at least:
a first stage capable of receiving the feed and performing an autothermal
reaction thereon;
a second stage capable of receiving the feed from the first stage and removing
the sulfur therefrom;
a third stage capable of receiving the feed from the second stage and performing a first

shift reaction thereon;
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a fuel processor contained in the cabinet, the fue
processor including: a processor reactor ; a feed to
t he processor reactor; and a cool ant subsystem capabl e
of cooling the processor reactor and the interior of
the cabinet. a fuel cell contained in the cabinet and

powey ﬁﬂrtﬁ%aée@@pa?i@fof)lremfg HERES @&]{Iggle ?%rd St%l%::ﬂng rocessor

reactor of th uel processor. . e processor

of cl ai m RBTorRS EcondshiEl rescirndhesesm; 0dact or i ncl udes at

| east fifth AadeiciBble 81 R@HizARARLET thE RAAK MhdAGnd he feed
and perfor 'ng. n ayt ot her nal %e ction thereon; a
second st &§ “38%%BF1E8$f &V Y- t he feed fromthe

first stage and renoving the sulfur therefrom a

hir r.ecei vi the feed fromthe

20.

4 ocon hAIEAARERAEG LRRE Bl B bt rifeeRy Rty o e

aif, R wHer mixtE. 3 fourth stage capable of receiving the
feed fromthe third stage and perform ng a second

shift reaction thereon, and a fifth stage capabl e of
2l oceTRA YR Rt pledaim 13, Gieredheroplpttiaubsysigyets sapable of receiving
coplatff @t @ittd Rdrh Ye GXbalio? FeaGorl 0 e cBERInY Bht FreRFom &bool HitSprocessor
m&%ﬁ' @roqssgor g& clabgllﬁ,.mhereln the feed to the )
BT 6 SES LB G B BTG e b e i infeer of thegpbimet fa fhe igrigh of the cabinet
towpod therigeric? &f thd émbinggower pl ant of claim 18, wherein the
cool ant subsystemis capable of receiving coolant
circulated fromthe processor reactor and exchangi ng
22 eat Thanererpashefickite b whetkia tpreocles sdsystere@otposes:and

capabhs QbhanidGig ati ng heat fromthe interior of the
cabinet to the exterior of the cabinet to cool the

i nt ¥ rbloyrer eanebleefispaliag the hoat exphengprond the pabinst intsfiordlyai m
21, wher egdavdchgn, cool ant subsystem conprises: a heat
exchanger; and an air bl ower capable of cooling the
heat exchanger and the cabi net interior by

23¢ onVE@irooe. pladBof clEine2]) omeatin leabblam bubG st uiRer conpeikei N

the £Qol. 3k, sHRSYsLgm further comprises:
a second air blower capable of cooling the heat exchanger and the cabinet

interior by convection.

.24, ‘The power plant of claim 21, wherein the coolant comprises at least one of water, a

glycol, an oil, and an alcohol.

25. The power plant of claim 18, wherein the coolant subsystem includes a cooler capable of
receiving coolant circulated from the processor reactor and exchanging heat therefrom and capable

of circulating heat from the interior of the cabinet to the exterior of the cabinet.

26. The power plant of claim 25, wherein the coolant subsystem further includes: a coolant
storage capable of storing coolant received from the cooler; and a pump capable of pumping the
stored coolant to the process reactor.

27. ‘The power plant of claim 25, wherein the cooler comprises:
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a second heat exchanger ; and a second air bl ower
capabl e of cooling the heat exchanger and the cabi net
interior by convection. 24. The power plant of claim
21, wherein the coolant conprises at |east one of
water, a glycol, an oil, and an al cohol. 25. The
powey ndl 8lfan@d; Hhai m 18, wherein the cool ant subsystem
i ncl udes a cool er capabl e of receiving cool ant
ci r cifl st tdeyer palle eodling dedsw exqhanget e thesebinskiniveiergivng
cohedtiod herefrom and capable of circulating heat from
the interior of the cabinet to the exterior of the
cabi net. 26. The power plant of claim25, wherein the
2& 00| &ht pewbplysbednifr ] diereil fe tdolte firthé co@psant st or age
capap&gmﬁ%ﬂgg% i%g"g ol ant received fromthe cool er
and a punp capa%1e’o punpi ng the stored coolant to
t he preowess blowardapable o2 Foolifihthe pawechapiaatd thé cabinediinrer2f by
wher gihteclible cool er conprises: -18 a heat exchanger;
and an air bl ower capable of cooling the heat
exchanger and the cabinet interior by convection. 28.
29The PRWRHedPlANst cOfm 24, ihdheid the VNG SloRgd BRPAROL BhK.
further conprises: a second heat exchanger; and a
second air bl ower capable of cooling the heat
30ex c hBrgeweraialt dflerine &) whetin itttcoslid kubBystenCGaaMREt | on.  29.
The nt. of. cl ai 6 ein the cool ant
o or DAMRE RuAle oBLis BSOS S Dlpiipesi frpionpd
cl ai sxcle@gingvbret thérefianhe cool ant subsystem i ncl udes: a

cool eﬁéooﬁﬁlt@%p:Jgg cee)fiblé &"‘s%h}{%%éa)%c ée%a ffgll’l Eh%léktﬁ%regldf rom

t he processor reactor an angli ng hea herefrom

a cobluamcapb§ohpsnEgtaedsoolentde thaproessoieznir. recei ved

fromthe cooler; and a punp capable of punping the

st or cool ant .the process reactor. 31. The power
3| antPoRovEf ?%P%L%mflﬁrrf't“ﬂ@?c"é‘ﬁ’ﬁﬁ?g'si ng : an oxidizer

capadnl ozidibr qapbheed piengtidfoedl, wal@] 6 air adihedding dansixdieesingg

thelg&%&%reogg &Q§ process reactor via the feed; a

fuel suppﬁvtsu sy§?$n1of_providing fuel to the
oXi di feelsupply subsystem of providing fuel to the oxidizer;
a water subsystem capable of providing water to the oxidizer ;

an air subsystem capable of providing air to the oxidizer.

32 The power plant of claim 18, further comprising a connection to the fuel processor at least

one external user.

33. The power plant of claim 32, wherein the connection comprises an outlet and an inlet

through which the coolant may be circulated

34, The fuel processor of claim 18, wherein the coolant subsystem further comprises a
plurality of temperature control units, each temperature control unit including:
a temperature sensor sensing the temperature of the coolant in a portion of the

fuel processor through which the coolant is circulating; and
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a water subsystem capable of providing water to the
oxi di zer ; an air subsystem capable of providing air

to the oxidizer. 32. The power plant of claim18,

further conprising a connection to the fuel processor

at least one external user. 33. The power plant of

cl ai i j '

and B R e e e oAl bl o
“ci r ctficatien theopgh thegofigle]  processor of clai m 18, wherein
the cool ant subsystem further conprises a plurality

f tenperature control units, each tenperature contro
‘ 353ni tﬁ%@f"ﬁdﬁlﬂaﬁlb‘?f cgug i%i&&?lﬁ%}eef@ EHSBPPEEHE PR Rlgetrolyte fuel
cellenperature of the coolant in a portion of the fue
processor through which the coolant is circulating;

and 19 an actuator operated responsive to the sensed
36 enpémgthad for pevlingvefuglordceser, ¢optiinpttl e to flow  of

c0ool @Rbilak3r2Qb8lkht ¥hpcﬁ1ﬁ99 ﬁ)bég&cr: léelﬁﬁor o B ﬁﬁpﬂyggess%k QFCE/ rrg];

claim 18, wherein the tuel I comprises a polyr
el ectorigfbecirylgpd Tudihrongepnvestions th senveesien elesotitcplgting heated air
f uel frdaf @6 @BSOF of aGRUIRK oS tH Giel FrboeSdst AlihdtteBorGRALFREcling the
through a processor. reactqr of the fuel processor; and
cooNF%ﬁ“PH%mqrﬁgﬁﬁ%?@8m¥ﬁg?8§FﬁFough convection, the
convection also circulating heated air fromthe
i nt ef) Lnet for the fuel processor to the
et oltedenBh oPIRR B Whbre Bl s oot BESER B ploPesig Geactor
inglygles ¢irsplatingche qoplantifwoushisevent diffdEnt pTitiensivé thih pabcafor cdagtbim
36, wherein circulating the cool ant through the

processor reactor includes circulating the cool ant
38t hr otlgmethed ef diim 3. rrhereirircyging thsrvaolut thrdyeh e orogesss reactor

indl@RELiRlatingGit ledsDnelPB wied a Ofvcdt] siol) a38 an MRGEIET N
circulating the coolant through the processor reactor

includes circulating at | east one of water, a glycol,
3%9an  Cite metnd ofteia B6,6helein c@Bulatihl éhetBIIRO Giradlh Gk ioBRsSP reactor

: ej i rcul ati t cool ant t hrough the processor

ot e o Mo eGP s oL SBTAY o RGNS B

prgseserasasor. react or separately froma feed to the
processor reactor. 40. The nethod of claim 36, wherein

cooling the circulating fluid through convection
40f ur tThe methpdef dlpira 36, wWhpretrspeling thy cirprdatiog Shig tirough conygdtion further
heatingyehanger ; and

circulating the coolant through a heat exchanger ; and

blowing air across the heat exchanger.
41, "The method of claim 40, wherein cooling the circulating fluid through convection
inchudes:

circulating the coolant through a second heat exchanger; and

blowing air across the second heat exchanger,

42, The method of claim 40, wherein blowing air across the heat exchanger circulates the

heated air from the interior of the cabinet to the exterior.
43. A method for cooling a power plant, comprising;
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bl ow ng air across the heat exchanger. 41. The net hod
of claim40, wherein cooling the circulating fluid

t hrough convection includes: circulating the cool ant
"through a second heat exchanger; and blowi ng air
across the second heat exchanger. 42. The nethod of

cl ai fctingW 85181t hrleQ W H)ges@dr Eea@t@xr &8 Suel ﬁ@ce&%@tand
exchan er C|rcul heated air fron1the I nterior

t
of ¢ RETRELRS ﬂ'@t‘latﬁ€h‘elﬂ (SR T fion. 35 COMFHE RlsRIciFpAtng heated air

cool frog tha mmmae.ﬁf ap:h‘ﬁﬁﬁt for@RIFPWErlaAtko theel@riditiceddy 3ddliRgnha
r rea tor of a fuel

cool ant_ | C
proc:lg'hgseg)rrr'%wlfl C00 |%§'(§§wcﬂ?¥hlated fluid through
convection, the convection also circulating heated air

4d.ro n’fﬁeh@etﬂo@ toleélélﬁr% C\Bhe?a&ﬁ%&hl@éﬁ{g ﬂ];eocroolgln %r&%o : e Ippc!c%?ér réagtor

the exterior thereby coo proces
inclpdes eiFralafing thy qoe}antdhrowﬁaese*@% rffeqent pnwonmf@emmcbmr rggftor.
claim43, wherein circulating the cool ant through the
rocessor tor i.ncludes circul ati ng the cool ant
4%y oﬁljﬁneglé’% TP £ YRSFEH B s ol teph Bregraseegsreacior
inchedwe tigulatinkbut ledd enadtshare] a @fycd) Aiofl) 43 an MbwBBET N
circulating the coolant through the processor reactor
includes circulating at | east one of water, a glycol,
46an ofHe methad oburim 43 ottetein dGulatiigehenpélin chrodfh tHe aroaesd@ reactor

inMRRE &i‘c@la&dgr tﬁéﬂogltaﬁtrﬂlg'oﬁgm gpt (Qjes@gxtr acBF & %&elﬁrlﬁ% prfge%%? ﬁl e

reactor includes C|rcu ing t he co roug
PIYfESEEEEF- reactor separately froma feed to the

processor reactor 47. The nethod of claim43, wherein
ircylating fluid through convection

com

i nel %& B FEBr AT elinedt Htiarp faid droughienypction
exc hﬁ:ﬂqﬂéf cualﬂ@tm@ It}cevuomgn #irbugh 6 h@s&chdager@at exchanger.
48. auac i L aim 47, wherein cooling the
C|rcu ?% UId PhiStg%  convection furt her

i ncl udes: C|rculat|ng the cool ant through a second

48h eatTh%)ﬁf%Elgﬁlgtecﬁmm ggqvh&n &n c\%l € c;lrc:lﬁaﬁlrno lsl’ldtthrou&% conve(glon further

heat exchanger apparat us,
cabii@tden fuel processor contalned |n t he cablnet t he

f uelcirPi &8 $3Qboldrd fhkdidh B Scond heat exchanger; and

blowing air across the second heat exchanger,

49, An apparatus, comprising:
a cabinet
a fuel processor contained in the cabinet, the fuel processor including:
a processor reactor;
a feed to the processor reactor; and
a coolant subsystem capable of cooling the processor reactor and the interior of
the cabinet; and
a_\connection to at least one external user of the fuel processor.
50, The fuel processor of claim 49, wherein the processor reactor includes at least:
a first stage capable of receiving the feed and performing an autothermal r

eaction thercon;
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a processor reactor; a feed to the processor reactor;
and a cool ant subsystem capabl e of cooling the
processor reactor and the interior of the cabinet;
and a connection to at |east one external user of the
fuel processor. 50. The fuel processor of claim 49,

wher @keﬁoﬁ'@ﬁg@&@ﬁﬁé&‘%ceﬁﬁ@%%ed 06 InlORs st%% zléug ge?ﬁo:ving a

first sta ]ﬁgg receiving the fee
perfornlng 6 ﬂ%rnal r eaction thereon; -21 a

secondirs tisgeamaRableecidhy we&e& Wi Ghe bdibnd ®RGadd om t he
first stage: and Fm Sfﬂg h§ sul fur therefrom a
third sta%% PRSP B FRES UFRY t he feed from the
secoh@mgh%g@camueOb@mi@mmhm@aﬂhmhhsmhﬂb@gnmdeaction
ther eon; - frfodiing DscSlAgRinGaRAR! R 0h 801 Vi ng the feed
fron1the hird stage anJ erformng a second shift
r eact {grstaeh e3nabip of ramm the thedHroyt theyluiagiagsland of
receivin gprteﬂal%mﬁaﬂ? dilipp e h& il Qutdsh st age and
preferentially oxidizing the received feed. 51. The
fuel processor of claim49, wherein the feed to the
Slpr ocEsged proeagi of clanAy Sytfrcth thei2bd w fidiplocesdfledddE Shveys a fuel,
ai JEiRge The fuel processor of claim49, wherein
the cool'ant 'subsystem i ncl udes: a cool er capabl e of
recei ving coolant circulated fromthe processor
7.4 eacmrfue@ﬁgcesﬁ)l( & 149 gwﬂg%ﬁltthé nPJg sl}t% tenfingia l ant
storage capabl e of storing coo erved Trom the
cool&Poler caprple of raseinipe eapjratrineulyed mmﬁlr: mrpceshae rettor ad
cool ant ngdhhgngﬁgwﬁgémﬁ@actor 53. The fuel processor
of clai rein the cooler conprises: a heat

e
excﬁﬁﬁ@g%SmﬁﬁﬁaﬁﬂdﬁﬂﬁmﬁP%ﬁﬁkﬂﬁﬁﬁﬁﬁﬁ o theceder: agf t he
heata gxphangRbf pbdping Festdrétdoolpit ACBS 5QkesPleackdral M 52,
wherein the cool ant conprises at | east one of mater, a
gl.ycol, an oil, and an al cohol. 55. The fuel processor

53of CTheifrel BBoessan el ddim 58 hvherahamnblesdompage conpri ses a

tan ka heat exchanger; and

an air blower capable of cooling the heat exchanger.

54, The fuel processor of ¢laim 52, wherein the coolant comprises at least one of water, a

glycol, an oil, and an alcohol.
55. The fuel processor of claim 52, wherein the coolant storage comprises a tank.

56. The fuel processor of claim 49, further comprising:
an oxidizer capable of heating fuel, water, and air and feeding the mixture to
the process reactor via the feed; 7
a fuel supply subsystem of providing fuel to the oxidizer;
a water subsystem capable of providing water to the oxidizer;

an air subsystem capable of providing air to the oxidizer.

57. The fuel processor of claim 49, wherein the external user comprises a mechanical system

not otherwise associated with the fuel processor.
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56. The fuel processor of claim49, further

conprising: an oxidizer capable of heating fuel,

water, and air and feeding the m xture to the process

reactor via the feed; a fuel supply subsystem of

providing fuel to the oxidizer; a water subsystem
58 apabhegudbroREseotioHiIRG LRk et Be hB&aMXd dis#flis an 4N @i 1

suhs stenlcaga |l e of providing air to the oxidizer.
a%%@o SPUSINGIPERISEST ™ of ¢l ai m 49, wherein the

external user conprises a nmechanical system not

th i associ at.ed th the fuel processor. -22 58..
T S R AR T R R T
theppglt wiivh the englagi may te oindildtddonametdnebiseng mechani cal

system 59. The fuel processor of claim49, wherein

t he connection conprises an outlet and an inlet
5% hr othyrivshmioesssar REclkimdP dhrtheregmunising jur exidizet exgatiioofpreheating fuel,
w2l 88 ko genéthte a @chsgr fed s]ctt‘éﬁh intb @S Ae pg(fces%&q'éamoﬁ%_mugh the
fef(ﬂrther conpri sing an oxi di zer capabl e of preheating

fuel, water, and air to generate a process feed

streamintroduced to the processor reactor through the

«fee 1. The fuel .processor,of claim49, wherein.the
oot Tt presed SR P naR et Balhibata oHliFcyPte
plyrelity ef tehparature oemtroloinity pach ssmpe@tie doeta) @niaincindng ont r ol

uni t, LRGA Bhsord S 51 L e

te npae r a? ure of S?rhcélk@ggﬂ% g%#g{aﬁrea&g%%% ?%nﬁ Hlo?lf&? ﬁ’;é O

pr ocessorPIPEaet Grolarfirengh Whighrelsoaling iscooillating; and

Ci I' Cdhl aBihtBTperdidd redfbn@ed i %@Ens&ﬂ%?e&ﬁlqe IBEPATINE O

rature in the portion to throttle to

the sensed tenp ]
f1 ow of c‘g‘[ﬂ“&ﬁ? E‘f‘ﬁ?@&@lﬁntf}ﬁ@‘gbgﬁploﬁﬁ?- 62. A power

plant, conprising : a cabinet; a fuel processor
conpgined {n t he cabinet, the fuel processor
62 owet plant, comp

] ncl_ual ng: a prgé%%:sor reactor generating a reformate
; a d@bdett 0 the processor reactor; a coolant subsystem

cap =) | ] f- r.r tor and the
ot erapop SOtk B BIALERE Mol bERELPRARBRE 0 | cast
one ext erfpbcegporteacyfr gerisrtifg pelefopnadcessor; and

a feed to the processor reactor;

a coolant subsystem capable of cooling the processor reactor and the interior of
the cabinet; and

a connection to at least one external user of the fuel processor; and

a fuel cell powered by the reformate generated by the processor reactor of the fuel

Processor.

63. The power plant of claim 62, wherein the processor reactor includes at least:
a first stage capable of receiving the feed and performing an autothermal
reaction thereon;
a second stage capable of receiving the feed from the first stage and removing
the sulfur therefrom;
a third stage capable of receiving the feed from the second stage and

performing a first shift reaction thereon;
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a fuel cell powered by the reformate generated by the
processor reactor of the fuel processor. 63. The
power plant of claim62, wherein the processor reactor
includes at least: a first stage capable of receiving
the feed and perform ng an autothermal reaction

thereon; ars@song SEBRSrRAEARL G b4 ﬁ&ﬁ Ble ¥ lﬁa@talg@ﬁdf eed
fromthe first stage and renovi ng he su

therefrom a tﬁPﬁHm§¥é§§°%ﬁﬁéﬁF%m@Tm@@%@@@lng the feed

fromthe séabasheshpgR obRekivikehé REITHOE 1@ fdukth Stheeshi f t
reacti on thereon;

a fourth sta pabl e of
receiving the PS5y “? %gr%xidﬁelgtﬂf'ﬁri:ﬁw%g@‘g and

performng a second shift reaction thereon; and a

61 i ft mhéﬁoquplgﬁgﬁﬁzhlﬁ 69fwhrel%ﬁﬁheil* ?cgtoiihe% Cf)cgs?dr réa%ﬁg)z combeyq a fuel, air,

fourth stage and preferentially oxXi
regueeed. 64. The power plant of cIa|n162
~wherein the feed to the processor reactor conveys a
6§uel air water m xture. 65. The power plant of

¢l ai "H‘%@W%@&f 8’7 ripRe HswInghr coslapfsysyemm inpledesdes: a

cool ecooapmbtiecfodceiving ebalinn@reiRRl &6 el préctlsatr@tof 4am

t he proce r re r exchangi ng heat therefrom
a coolantgxcan 1 gﬁégﬁﬁg?%’of storing cool ant received

f r omt edeéancwigecapabln df stainp coencapstd domfthquanipd; agl t he
stor ?W&F:ﬁ)&tof ggrnﬁ%ﬁlh@{t&gaefoﬁlaﬁﬁg { oxtocess reactTh € power

pl ant” of claim erern e cooler conprises: a
heat exchanger; and an air bl ower capable of cooling

66. e TRalowe i NG S By, %@:@m&taod@m ? ses:1N€ power pl ant
of claim#66, wherein the cooler er conprises: a

secoh aH%ﬁWm%?éﬁ%nger ; and a second air bl ower

capai #r Wfwee ephblag chblRg BRGeN dxABREr IeRARGRT by
convection. 68. The power plant of claim 65, wherein

the cool ant conprises at |east one of water, a
67g| y c'Blie, powrer pddnk of cuivol 6@ whadein @ieadooler further comprises:

a second heat exchanger ; and
a second air blower capable of cooling the second heat exchanger by

convection.

68. The power plant of claim 65, wherein the coolant comprises at least one of water, a

glycol, an oil, and an alcohol.

69, The power plant of claim 65, wherein the coolant storage comprises a tank.

70, The power plant of claim 62, further comprising:
an oxidizer capable of preheating fuel, water, and air and feeding the mixture
to the process reactor via the feed;
-a fuel supply subsystem of providing fuel to the oxidizer;
a water subsystem capable of providing water to the oxidizer;

an air subsystem capable of providing air to the oxidizer.
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69. The power plant of claim65, wherein the cool ant
storage conprises a tank. 70. The power plant of
claim 62, further conprising: an oxidizer capabl e of
preheating fuel, water, and air and feeding the

m xture to the process reactor via the feed; a fuel

7R UPPITYe oSSk STBL0H 6B WMl tﬂgexte_ i uskiQoln e@%ﬁh&ihéﬁgai syRtem
er 0 e

ma&er,subsgsten1capable of providi ng wa
NP RPgRrrE pssociafyd with thafygl rcessth capabl e of providing air
to the oxidizer. -24 71. The power plant of claim®62,

ergln the. external user, conprises a nechanjca
7%“;st Bl oy B bR 21 VS Pl PP o B
copflit casedlenting 2R chafiied sproaver  pl ant of claim 71, wherein
t he nmechani cal systemis an air conditioning/heating
mechani cal system 73. The power plant of claim62,
Tinher Eiaporperlabefirtain 63 hergimtte cortsotim cowpriset anandet aml an inlet
thiobteWhict fE QIa@R: dYive BirduliGegc 00l ant maybe circulated. 74.
The power plant of claim62, wherein the cool ant
subsystem further conprises a plurality of

74 e !Tp’ﬂ’_fe’c}b}ar&g)_ldﬁfkﬁﬂcraﬁzh 62) WhbrBin 1RAGHadt CUHRRIR (IR s&%&@, la plurality
ni t ncl udi,ngd. a tenperature sensor Sensi ng t he
of pips bt PR gty et EBBTARE PO LHORIBH of the f uel
pr ocessparattra sashg lsengihg th teperamelf drtcodlamt i arpdtioa bl thgfuel

and r. nsive to the sensed
ot UL AL AL B P ORI Fid 0 L 0%t 1 ow - of

cool drfetugthirapergied terronpeyie fromensqBemiihasurp v poploat thoftle to flow

cl ai iNcbdant WARERIE pérhig. f uel cel | conprises a pol ymer
el ectrolyte fuel cell. 25

75. The power plant of claim 62, wherein the fuel cell comprises a polymer electrolyte fuel

cell.
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