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cell power plants and, nore particularly, to a

cool ant systemfor an integrated fuel cell power

pl ant . DESCRICOODMNF SYSEEMFORBUR PROGESSORe| |
technology is an alternative energy source for nore
conventional energy sources enploying the conbustion
of fossil fuel s3AckGROUMD OFYPHEANWENTIOBUCES
electricity, water, and heat froma fuel and oxygen.
More particularly, fuel cells provide electricity
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cells. Hydrocarbon 25 based fuels, such a

g&%d efﬁ"@“ﬁ adopicaly. Helgeeds sawloy b@ﬁﬁgqneasc ﬁ&'éfit'l gr‘?XV%‘?n as the
u%? 56%6% ﬁ“ﬁé %efn% ioff & r§ or@dﬁéﬁ@&h@é&ns%ﬁﬁon rate of the
mu proce ses I nin initial conversion
preceas. Wt h several cl ean-up processes. The initia

process is nost often steamreformng ("SR'),

autothermal reformng ("ATR'), catalytic parti al

oxi dat ix08enifickR %aﬁvan@a[ge REiciCiah ity thecwRRE hideddf fuel cells is the lack
oxi dati on ("PO "). The ¢l ean- ugﬁprocesses are 30
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processes include h¥drogen sel ective nenbrane é
asefieylty isthe useqof “fuel procéssors” or “reformers” to convert t e 1ocarbons to

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

based fuels, such as natural gas, LPG, gasoline, and diesel, require conversion for use
as fuel for most fuel cells. Current art uses multi-step processes combining an initial
conversion process with several clean-up processes. The initial process is most often
steam reforming (“SR”), autothermal reforming (“ATR”), catalytic partial oxidation
(“CPOX”), or non-catalytic partial oxidation (“POX”). The clean-up processes are
usually comprised of a combination of desulphurization, high temperature water-gas
shift, low temperature water-gas shift, selective CO oxidation, or selective CO
methanation. Alternative processes include hydrogen selective membrane reactors

and filters.
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for instance, hydrogen, then the conbustion is very
cl ean and, as a practical matter, only the water is
left after the 5 dissipation and/or consunpti on of
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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. In accordance with one aspect of the invention, the coolant subsystem
is separate from the feed to the processor reactor and is capable of circulating a
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the fuel processor are housed in a cabinet, and the

cool ant subsystemis capable of cooling both the

preodlests throughaite groceased redntorn nirep¢aordancefwithhe seedmdnaspect of the
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acconpanyi ng drawi ngs, in which |like reference

nane the isterigeeft the gainke el enments, and in which: 10 FI G
1 conceptually illustrates a fuel processor
constructed and operated in accordance with the

present i nventBRIEF PESCRIPIIOMNOFIHE DRAWENGS cul ar
enbodi nent. of the fugﬁla pr.oce

in FIG 1. FlG. 3 .
depi ot S GriaveskioRi Tt 5 UHEFGRR P aETrCGr e TeligyiaR description
ﬂf?ﬁ%{c’he @blgﬁltnﬁléoﬁr ﬁtﬁ‘ the: adcbfdpadyifs aRhkat| h which like reference

rate orm ng process of the autothernal

r efuarenals ideftifyHikefelamhents; ankwswhichi r st shown in FIG 2;
FIG 5 conceptually illustrates an integrated fuel

10 cell power plant fueled by the hydrogen gas stream

producgdQdy tdiRcptuslly RrRERSS arfuell protéssorléondudtbdsan® Bperated in
and FIG 6B conceptually illustrate a conputing

appecrdanes veith thaprasent igigationsn t he i npl ement ati on of one
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i nt er f JUG. B degien ddeepdrtiallar fmplemssiatiorniofl thdeodlat] subsystem of
cell of the power plant of FIG 5. 25 Wiile the
15 i fMéntZion is susceptible to various nodifications and

al ter ngfyicvey h r%ﬂ@allaﬁ MEusHLRM BESrchdrhhid [Rb&sS Rﬁc%ﬂei Qutothermal

r
enbodi ment s I'n described Iin detail” by way o
exafopher ofl the Sitebpitodedser fimstshostnooFIGhdnever, that the

't endbde Prpbtvg i RRFER o8 i EGARHLIpard) by g Dlent focled by
f ahoRydlbes] £38feand Brddutedty the Fudl RIcedoY of FIG. 3;nt ent i on
al | dif

is to cover nodi fi cations, equivalents, and

20 FIG. 6A and FIG. 6B conceptually illustrate a computing apparatus as may be
used in the implementation of one particular embodiment of the present inventioﬁ;
and

FIG. 7 conceptually illustrates the operational interface between the fuel
processor and the fuel cell of the power plant of FIG. 5.
25
While the invention is susceptible to various modifications and alternative
forms, the drawings illustrate specific embodiments herein described in detail by way
of example. Tt should be understood, however, that the description herein of specific
embodiments is not intended to limit the invention to the particular forms disclosed,

30 but on the contrary, the intention is to cover all modifications, equivalents, and

alternatives falling within the spirit and scope of the invention as defined by the

appended claims.
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ord th resent invention. The fuel
bei’ﬁg%%tgt Cfgcgcgug cool ant subsystem 102, a
feed 104 and a processor reactor 106 that produces a

hydr ogen (or hydrwgen 15 rich) gas stream 108. In
acc o r dd6e lwioneepy lyaﬂp@@{esaf p]}ﬁopwgfgn]tqodwnstmgéed in accordance

b 10 f
C S D uBRF PRBEA T 3y SHOLELE et Bl svsvsem
t h®2pi eeasIDa] aneaptoressdODfvactdhe0E tnt priduddsta hyitofe (an fiydrogen-

suitabl e coolant known to the art .. water, .a
Ivbb g2 BiFeagR (LS arinACENBICe WHM ORE 257968 OF [ HREHici i coolant
I r
SAEPRERERET ) SRRSReSh (RSP RRYl LB SPoiing o oot
_hdllthtough theqabeasedr rédc2or 106d THeecoobal bl nmyﬁ@)astbismtalﬂ@ coolant

I'§ capable of cooli t he. processar r or

TSRO 1 & of > St SB5e) AR EIATB SRR, obie 1 T Rcordance
C%ﬁle QtSH@clﬂdYasble&tLﬁt ﬂh@tp?&eﬂtnﬁw@lﬂfcﬁﬂ end %nsﬁf@ﬁﬁbl@%ﬁts&gqhe fuel
of the fuel processor 100 in FIG 1. In pertinent

pamcesm d 0D arggeevsedilin a cetandgtUdl. prdode seolanDabsystan gQApscapable
10 stored t. t
OBl R S L A B B 112

whi ch conprises a heat exchange Ioop In t he

illustrated enbodiment, the coolant 110 is_ water
l\/br e pdiG: & ranqeptually dilpsirstes xme pastipat pabodigsRh AP0 pfghe fuel

L e L S T
2@2mpEhie toenfaat af @rseored it rotdodaht ctorbgm tor ikervair,a@othrough the
coolant subsystem 102, which comprises a heat exchange loop. In the illustrated
embodiment, the coolant 110 is water. More particularly, the pump 204 pumps the
coolant 110 from the reservoir 202 through the processor reactor 106 and a cooler
206, and back into the reservoir 202. The temperature controlled coolant 110 is also,
in this particular embodiment, supplied to and returned from one or more external
users 208 between the processor reactor 106 and the cooler 118 in the illustrated
embodiment. The “external users” 208 may include mechanical systems not

otherwise associated with the fuel processor 200 or any power plant of which it may

4.
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illustrated enbodinment. The "external users" 208 may
i ncl ude mechani cal systens not otherw se associ at ed
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user 208 in this situation nay be the air
condi ti oni ng/ heating mechani cal systemfor the
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r 0] ” h

%A%':{? %Qﬁxeng%e%f%%fqu%%t%%§ u%‘ﬂg{ :Eé %glfe:mented using any

r ahiatie refkmmmknbwnttb g¢hantt. Nxm ¢hat laiernativeeembediments may employ
on_t

orPties 28t T PO R 00 (100 Pt ielto N LRl ol B RE oo the design

deshdfinté fASIsE@b PR ihithasEshdhiet he i ntended end- use.
In the 1llustrated enbodi nent, the cool ant subsystem

102 circulates coolant individually to the stages

IZiOEr ar‘%#ﬁ% 11&5%§t%gh5§>881%§% {I}l‘ \éc% fa?]l? @Jsgnc ok %51 &Mat@g coolant

23R@vidasily e $hedsth ¥PRIHL UrXa 0 ahilough aurtkpeciZ8ane cI2Be@lurality of
Each tenperature control unit 228a - 228d inclu

t dvipEhet 2@ s@aﬁ@r Fgrch of he heanches %%ﬁ%p@ abt ﬂléclil%saﬁ temperature
Zg%g&&E ﬁ%og%%chz‘%g‘gjgﬁﬂﬂ‘e AR hfbLoRa 239?8d includes a

oper ates r esponsi ve
t hemﬁﬁaﬁlea:isents@ﬂi}eiem thei tampéreture spe céspuwivststage Eﬂbb— 210e and

22t Lot ol copl s 110 20 TRol . e
p%xf'L G4 i fﬁglﬁﬁeﬁ@é étﬁgb of o her1690iethrad@8 té Mokh8f coolant 110

coo subsyst 102 of the illustrated enbodi nent.
Rethmghﬂ@rnspmm\ccHdehz%@Q%dand FIG 3, coolant 110
is drawn froman external water supply 302 (shown in
FIG 3) into the 25 reservoir 202 and circul ated by

t he punIGQAdetdiliConRUapiclld ifiplegnbnadiios df hige 6@9&&1&6 inthé coolant
rts of the processor_reactor 106 an

S ibysteeniobalsbeilhmerepbhod ment TREagRETRY PISFoFIES nd FIG.
4 Lo 5 8 BRI 1 e gy
t hesgpvaic 265 ad ciemdited bt G puamp 204r Aad 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
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.
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and is capable of circulating the coolant 110 through
t he processor reactor 106. -5 WO 2004/090298
PCT/ USHaE¢x0D&1E83 to ﬂiea;bolentﬂd)rigeme procesrer rraotonhP6 gargpornents is
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' emBB@irﬂeln{ Hhides 86 henResiarpat 300ch@desurig dfefais 306. The fans
exchangers 304 and a plurality of fans 306. The fans
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%ﬁﬂé‘caﬁ% (E%l(gdfﬁ i}f FEh Jconﬁl@ rGIX%OQfOf ttﬂhecabﬁ%}? et o 1t%ey cool the

e exterior of the cabi net
| irgteriont dfele caimhettlﬂlﬁ by |cn‘b1da1|1mg thethegthé ardd IthBeQHVMQInblyt "Thus, the
C|rculat| eated. air toth ronnent
CeSiany whBT 1000egeeei Aigsoite baflob SR b ARy 106 and the
betiBridNg the OGRS P12 AaACMRfe 486 and the interior of
the cabinet 112 at the sane tine. The cool ant

subsystem 102 of the ill ustrat ed enbodi nent al so can

Pr o S RS B00ER" 2R 8B ShyBB i Ao B provi

f %@Jituigl’ SRGSOo1idP0e ofifer \p@ﬁs pf € fish k)pbcessbedoo t dreevfenietb systems
processor 200 can provide thermal contr oI to ext er nal

ugersicabs fudgracsssnalhy A easqrevioustyngteds (i dhlghagestay 200 can

S ol P SOECLP R g otpres.

C(fmhcmbhaliltﬂzﬁs wlm thiraugh| aat@chetitoma D, fwinoh btmaprises an outlet 222
shown FIG, 3

ext er nal 208. As I

TR0 S T L S U 2o e

t I%ﬁte lis B 908 Ssﬁ@a" isl8gwh hh auah 3t bR ddones s%ste&lfbﬁéﬁl provide
eeds L1, L2. Note that the |ines 308,

cwpclulll@toeotdi@opatst ofithe fhelaprpedseorr K¥ethymigh thQillleS B0%.310 and the

S C30 s R b S S B S B AR s

orzlly 1.4), @oWdRS28ENEE Nite QROItAAL RO 0% dfhsolammo.?t%ugh the lines
but " also in a finer sense by the valves 312, 314

| B08pk0:an b contielladmet erly dn a geass seise bygPFiation akthel ﬂ?@mp 204, but
fea?s% 1&%?%p5e%aégfﬂ{ém{@ v 319r hydrogen enriched, gas

stream uent yﬁro ucts, such as water. The

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
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 depicts a general process flow diagram illustrating the process steps included in the
illustrative embodiments of the present invention. The following description
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air, and water m xture froman oxidizer (not shown).
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fromthe 30 operation of the processor reactor 106 may
be circul ated back into the cool ant subsystem 102 as
aagoohdtwilil BIGr 4 imadapted dromi hmited Statest Paserft Agiplication 10/006,963,

processqr, 200. Fl 4 depicts a, general, process. fl »
GPaedm {T?mlag%trgwﬁinsr%ﬁ%mg B Bl & FyBlodiEaRich Sy fled
| IJeUshb sl ¥60 1€ MPaRinaRRIT 1 inh &iforl (CRSRL. Kivied)let O andpeblished
follow ng description -6 WD 2004/090298

POy U222 Fodlisdiondde 828080831 A1)G 4 is adapted
fromUnited States Patent Application 10/ 006, 963,

entitled "Conpact Fuel Processor for Producing a

Hydr ogemnecRifcérdfeasy skifli inele ddestenbikbprireci2@Othat & reettiie amount of
nane of the inventors Curtis L, Krause, et al,, and
poBEressiyg ordsyliynasgled sp e, ﬂqvpegrheéseqt%s fgough the processor reactor
U 0 > ' i ' L
CSHRDRRRIIALL A R A i 98-80 v
phegiues s The oaygar cinsba ée thedform dfiadr, fancvheslf ait,har substantially pure

reactants through the processor react.ogr 106. The fuel ..
p,oggg:ﬁélsor hgowaqe & n%4ﬁ]rt]i‘? p{ﬁsﬂlegs & 9"&80%%?’%05' £ E’EF ’composmon
?éﬁé&@lﬁfag@ﬁ df V@t efeed n%ddiﬁIWn@nts The axyHgnecE By REe | desir& operating

rmof~air, enriched air, or substantially pure 10
oxyuditionsThe distuesedchbelowe The faeluptedesaer gifjue eis@eaém from of the

vapor., .The co Si,t1.0n ercent S ..0f - f .

c® Eeﬁsl?{elm[%ntlgpglg@gfl%sr ]?Pfdﬁ%%enb%/n%t %21%216%1%(1(5% hagls ecgggﬁlsr? glnclude sotme
Conflirt ivBsnvedtsd dhyosiRmhspehon moeofide| impmiss¢rg., hydrogen
effluent streamfromof the present inventjon _ o
i welfide ead PyEIOBiRs BNA METCONISRCIF (5. dBitrogen anthargpy,gspecially if air
i ncl verted hydrocarbons, carbon
m%}agégggigﬂ%ﬁgrﬁeﬁé%d%g%?, hydr ogen 15 sul fide and

amoni a) and inert conponents (e.g., nitrogen and

argon, especially if ajr S t.of the feed .
St eanProprotee & s Bt Ao Ay DG GEREP TR i it e particulr
PleRfbBaindnd MY Féﬁctidrlfé, QNRrtPATdxiUbA(forBRROfi BBRY) ahdMan optional

reactions, a partial oxidation (formula I, belo and
arsteamt feforaling POrmuledin vadw), mimperfdroreditp sconvert s stream 104

are performed to convert .the feed stream 104 j
CyeRcnBeEEss GuiarkEhichgth vEE SRR AN, Rdhlfgana mare
FQkBMbRSy leagiitfh fhim@bewhesRIREBANE ik eaidideded dxthetl@scarbon:
wher el n ‘net hane i s considered as the hydrocarbon: CH4

+ V202 CHy PUD+>CH(1 GO0 crdD+ H20 -> 3H2 + CO (11)
CH; + H,O ->3H,; + CO In
The feed 104 is received by the processor reactor 106 from an oxidizer (not shown).
A higher concentration of oxygen in the feed stream favors partial oxidation whereas
a higher concentration of water vapor favors steam reforming. The ratios of oxygen
to hydrocarbon and water to hydrocarbon are therefore characterizing parameters that

affect the operating temperature and hydrogen yield.

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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25 The feed 104 is received by the processor reactor
106 from an oxidizer (not shown). A higher
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parti al oxidation whereas a higher concentration of
wat er vapor favors steamreformng. The ratios of
oty eontrdl csyligor of dlnd presemtdinwention. ¢ dhhyilingeeded embadinent uses a

¢ et s S AR AT b R R sta G Dyl G without a
ORREAL eREmiRIReIRELUr e of the autothermal reforning

step A can range from about 550 C to about 900 C,
depending on the feed conditions and the catal yst. The

rati os, res TN : I

o ErSTPRGF A BSooME S SRR B IR Bblot show) o
2QQ41ROM2 IGntRESTE LIS2aR4AMORAY §Bocesd step dntor Diengpesdtemm aiffrom about
the present invention. The illustrated enbodi on{: uses

a 200a£4p )abeput@@g 6f prgf%%hly ifeom ahauyi 373 °dh i akoyt ﬁg Clotbgepare the
r S . -

| SPAF B0 SATRD ol THOML sl S301C TR
i Mhas eooling@nast dgeachizotd shitwieatf einks,cbedti piges lve heat exchangers
synthesis gas _stream f rgltrgcgr.ocess

tep Ato a
t éﬂ%@}déqgj HROT, ther eSS By aad @16 d%g%tto éwvglr’/recycle the heat
{)E:gﬁﬁ?tg@ t}eier: gﬁsoéﬁe%%ﬁng%@ skititfle AR cdAantC Fokr %d&ﬁl@@,&hﬁ coolant

t
np ture of the Synthesi’s gas effluent for th
prfocesess sep BAnaylbs theseednbEl lovfthe coptarg sesybtenmgl Bay be
achieved with heat sinks, heat pipes or heat
exchangers 10 dependi ng upon the design specifications

and t heprp&ed step € 86 QYRITRYIAE Wedpe pelfBrniain tHeoddsalphufation stage

the gas stream using any suitable type of cool ant. For

i rdObnen empleye g aide £Y0)psor bxdrogens pilideralsnsbsnie One of the
cqehant, hid ok rtfie hgf&%'c%B Séﬁ%ﬁlésfseéﬂtlf%&’?thdhofseé&w%h&P by the
Cis a urlel ng step, per?ornre I'n €

destidial zabinding stage. td hy@d@én salfide.enPhoypsoczssiing core used in
oxi de (ZnO _as a hydrogen sul fide absaqrben

. One o
t HEoCeRRiSFPI hrpBiciaraldly BFludee zwd%éara&éwrs?til@‘amat@laﬁ capable of
S - | beSti t I -
; g{\bg%ml%gﬂg:ég%%zm%%%%ﬁ@umﬁe, zlt}ﬁi m&HneidI8 L Wpport (e.g., monolith,

orm ogen sulfide. The processing
c axeudatedellat, efor)o ddsslpbuegmtion py edfcemphishedihyddonsiesing ithechydrogen

[ d/ or .oth terjal bl f. ab bi d
CoMBIe g AR gEeUT e SRy RBr das A ppor
(e. 9., mEekhdh 2O exhsudaim, pellet, etc.).

Desul phuri zation is acconplished by converting the
hyFtreogestionss pfefarebly samdent pha tenmnsratensed foim abad00° C to about

E |o§|0||0)9 \g, di &%%Cgriet%yabtbg) ‘r)rrlgll a%mlltl §7.5° '_Clztg a-lgoén4955 *C H2O + znS

Still referring to FIG. 4, the effluent stream may then be sent to a mixing step
D performed in module (not shown), in which water received from a water subsystem
(not shown) is optionally added to the gas stream. The addition of water lowers the
temperature of the reactant stream as it vaporizes and supplies more water for the
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-
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tenperature of fromabout 300 C to about 500 C, and
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Still referring to FIG 4, the effluent stream may
then be sent to a m xing step D performed in nodul e
( ot bsinratiycediwithifeed rndaliemizieg gy egh be mpoatmmdetp provide better

subs, ste (no hown ti |y

SO0 oirihe Sue i e oT s R (apheSp 8D, This
OtentitRat(Ra6 RO borftidIRABY A% dontrdBPRtcn? 665thad Prbssiit Piptention.

nore water for the 30 water gas shift reaction of

pr gcess step E (discussed bel ow). The water vapor and

other effl u tr '

passe d {chcie%s SQ%P E 6?‘%)2%1%% rﬁg%%ﬂ}ﬂ? St@%{ 2 mr% ?s?a ﬁ{é’%@gg f[ reaction

S Fl%‘ah c@_ﬁveﬁtl@ catibe nﬁ)ﬁaﬁﬁ/ﬂe o ca@lbdiﬁdloﬁldmﬂ atcordahes with Sﬁortrtmw Iv:

effective m x_and/ or_assi st in the vaporization of

t he wathp. '9/931F)t‘é’r1ﬂaf|QQ@I(§/V any additional water -8 WD

2%%/ CQRQ%%%@FH LB 0P M P0RiG8 %ho&l@ﬁ)r%ra'bw POWEEEL W hhevel that

e mxing step can ositioned to

praybeeléretetidry fuel oeilmgymf:altyhlwl@wﬁ@alm gGendrally, filee @ajer gas shift

oxi dation step. G (discussed b r.at ur

O oL, 00, BB e e DR 1500 S RN on e
Vv

DAL i SR L R LR s s

c dnvernrvested am tids stepn oT<hls:I eemperaiarebmd consritdaionrare more parameters

accor thf - * H2 cox2 (I

TIRR0LE %ﬁg@ttﬁ%{:?@? Pt%{ﬁ PF%%SZP‘G%IUQH(JM d Jr;r ef er gablvzl

be lowered to a level that can be tolerated by fuel

cells, typically bel ow 50 ppm Generally, the water

gas shiReturning agaiade FEa. damoseakeenF apsiosned anibe imaristags 2104, is
50 600

Uﬁé:gpf)%%t C]g:rﬁa$s€ 93 F(%egu ?ﬂ%‘ t@%ﬁé’ﬁuﬁé‘gf 1%@%%% %?etagf%%%ducean

noxi
t REnEAs hﬁlﬁ@@%mpéraﬁl@fﬂ}éﬁfér@ﬁyllﬁ thd kg8 o€ Frond Absut 90° C to about
tenperature and concentration are nore par aneters
cdhibt 61 | @sygey frdme apoit subbyséars leeh sbpwinhis Peeadde to the process in

| nyve g{. : {]er@‘é’g?lﬁgtcﬁéanrq‘f’girqyg@? geégt(i)g%(?g‘prcfcgs? ggpggsdl%lsc%%ogg below.

step Process step F reduces the tenperature of the
gas streamto produce an effluent having

t enper aPtrQnees steef €r apifyrmad ithher pisaensfal fqr«eﬂﬁtlaao%agegél% is an
to
o sk ip R P Bl PR R EBO1n e it

OXytg@n i Sorbered rechrbon tiogidee attiel processifig i exraed ostt iaghépresence

descri bed bel ow. | 20
of a catalyst for the oxidation of carbon monoxide. Two reactions occur in process

step G: the desired oxidation of carbon monoxide (formula V) and the undesired
oxidation of hydrogen (formula VI) as follows:

CO + %0, — CO;y (V)

H, + %0, — H,0 (VD
The preferential oxidation of carbon monoxide is favored by low temperatures. Since
both reactions produce heat it may be advantageous to optionally include a cooling
element such as a cooling coil, disposed within the process. The operating

temperature of process is preferably kept in the range of from about 90° C to about

-9-
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effluent streamis converted to carbon dioxide. The
processing is carried out in the presence of a

cdtat gsPrdcess dtepeGaxdutat itlmrbadfoncmomndmtmebmqnefem less than 50
reactions ,occur .in process .2 G the desired

o PPER IR 15 SE’é‘i’bé%WVﬁltfH’b%ed’é%{e? ala V) and the

undesi red oxidation of hydrogen (formula VI) as

follows: CO+ 1/202 -* C2 (V) H2+%202->H20 (VI) The
prefer éﬁheudﬂuwuld&temmgcthe 6zl brreesson i dgdrogerf wioly g@eolcontalmng

e DS 65 e SR B SR R, o

CQ@iﬂpBﬂent@ (ese ﬂftro%'éﬁ' hargél)aréémhl R@Ar6drbon, Hr& p‘Pﬁ(ﬁIﬂlct gas may be
hin the process. Fer ating tenperature of

pﬂ‘@@fbsisthesfe@i Efresr Bisl 961k@1p riother epHeatigas sherer bhydmpatn rich feed
1 §8g"ﬁn 1%895%65 %q% %&f%@ u%?ggstgﬁla{ja %-g/ gfﬁchrp fg R]Qt%épg’rocessmg, for

rocess uce carpon nonoxi

| exehpleptopembes &blcﬁrﬂoﬁsﬁoﬂid{m waled or pthier coshpatfeniss a
suitable level for use in fuel cells. The effluent 108
exiting the fuel processor is a hydrogen rich gas

cont ai Ndlg ma &Rf RANngINlde @A OLNGr dLOMSdd kbiR8!Steurs within

whi ch nay be present er, Inert conponents
( e;pguﬁemiehmagamp ra@sm )Fhe pE’SlSd mahpdngfaixe@ datheonngestare not material

HOTbE rufiee e lePins MRS enyuGyait pifk dictg sops are

Stlfrl?wménwéﬁ%péﬁﬂe A6FEhiRB I fed POPHIGE aiPhe PRYGIRE g Heam 108
o further processing, for exanple, to renove the

c dpbogiven erpliratiomaThys, e preties tegpemdreninsthe ignpesatare ranges will
R, e SRR LB o gL e 0 e

ure ranges. The
preC|se tenperatures in the ranges are not materi al

to the practice of the invention. |ndeed, the nature

and or defugme e &2 EpS- drand Klign | % e et pirsubpetan 02 is used to
g‘gﬁﬁgdhﬂigreQHe {eﬁ{jﬁralagr%s QIR ﬁ@gss_ls}ﬂ%sgi oﬁggvthaﬁéér Bty GAYbe in a

or a given app icatl preci se
t egivear ahbodémentn Raok of drgpeages 2 eb +ifess vadldd bype rekpestag branch
raints.

by i nplegentation s eC|f|c desj ns

RO i Agohew 16 eplant subsieierpy K23 The, st sensor S of cach

subsyshere L0drdiSuris egka 0 2288 BnRs hch@‘\f&n]%:é}@ture within its respective

tenperatures for the process steps A what ever

t rtagendiiPbbe 31Rea If the temperature within the respectlve stage 210b — 210e
approaches or exceeds the upper bound of the desired temperature range for the
respective process step A — G, the respective temperature control unit 228a — 228d
opens the respective actuator 230a — 230d to increase the flow of coolant 110
therethrough. If the temperature within the respective stage 210b — 210e approaches
or exceeds the lower bound of the desired temperature range for the respective
process step A — G, the respective temperature control unit 228a — 228d closes the

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 -
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cool ed by a respective branch 226a - 226d of the
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each tenperature control unit 228a - 228d senses the
tenperature within its respective stage 210b - 210e.
I £06.hEhé Beay emhangal fibthihe stapes Ilé)bpezmeme detnpge tczﬂt@kﬁtm%phere

Oe s or_ .exceeds r f the.
rasebehadAa e doif 15 gpopplivedRoEe LB, flutbir across the
ph@éi R3hAEER 304: Klowhiethe @BPRS6s B heARRERINEER AP emoves

unit 228a”- 228d opens the respective actuator 230a, -
Zﬁemed mr fmortbasdindid 12 It@tbe@me@@b phihe catiiget 112. Thus, the interior of

Sq}f gg%lsz(‘ﬁ% a??p%;%ﬂfé% su s\gg(r{égg toF %lrs i ‘tee‘rfﬁﬂe}‘ﬁures of

Moéa‘ss kb Ales imaHe biapRe19h urzeoa ange for the
respective " process step A - G the respective

tenperature control unit 228a - 228d closes the 30

respec ltAa‘{;?ﬂl?)% &B?{]egfat«%ﬁ:gptho%ezﬁgge 59 hgﬁﬁ%_p@r?egﬁengﬁﬁof thRWisclosure,

of coo eret he tenperature
C 6l pedcessor 160 RPBEG-1 2218 dam)mdn’mﬂnat bmnpmep’enmt G]noaivn As should

?@%B&?ﬁ aép?%:llqgtgd,e&;g g@%l;g%&gﬁts%?gﬁ(& ﬁ)%{cl) Eﬁ? | ]élr a Vaﬁ}atyvﬁ‘ different
ZQQH%Q%O?[&%; %C%dé%%%% ARR%B3s 22861 ceTh?O\’a&aﬁlaﬁtxmﬁﬂﬁzﬂmh the

fromthe stages 21 210e is du
atpm;sﬂme reactor APRIGs! Oferodudse dl%]b@ﬂ?@entgﬁﬁ strgam 108 to power a fuel

ekl B brgerer aba: S Buthguiielitd bl SREHRE, fldGperaton of

)f@éﬂ%ﬁ‘&%és‘br 3@ér afdl $i%e FRIBMES04 b]t%&h’%ﬁﬁe@bﬂdehf OIThé lﬁﬁl processor 102
cabinet 112 to the exterior of the cabinet 112

t laed ifired eell 64 ofe Bth heusedin newbingb 112 Ehgofushogds S %zc_s preferably a
¢ (go llcaa:l] E)Péozgggryg e%ﬁ%l}(?ez Fﬁgln@&? ﬁiPZ%l{E;&teglgg ?%Ag%r %ssgfgton Exchange

WIMémh@n@ ppeleCelh(‘@ENIFCYhoHewever) bthcratypeshaf/ fusd céllsemay be used.
benefit of this disclosure, fuel hoceasor 1&%ﬁi.n } h
FINgte fhajinqt alhgeregiapk thsn 41verinth e HELIEA L IRNRATIONAL such an
S r r plant
cantpdied byl Ak TTRRERARE BB il REASISERI: Jir»

C Ot égabat adtbgratetl] ustrates a fuel cell power plant 500

in which the processor reactor ("PR') 106 produces

t he hydrogen gas stream 108 to power a fuel cell 502.

The povgrin! @bodd8entl Sl@fRated Nine PG &) "theORRI Rb&Rtor 200 more
i.e., the operation of fuel processor 102 and the

f petticokarly comprisgsesey eelanadpartepical suheystems ngpel¥essor
102 15 and f, | tEATR”
o o sty aRioP (e, RACh DM 3Ghehdhnhl ORI TR,

112. The fue

Pol ymer El egfiat @bﬁbﬁnd:atebmﬁ‘ﬁidnq(e'dlﬁﬂﬁﬁ r¥actiah Shatkafowns aduel input
Pr ot on Exchange

However, ot ﬁ%giet@%/bégg%g&gdgbj%%&ggé h&ygggfel%‘)éﬁeu >02;
. an oxidizer 506, which is an anode tailgas oxidizer (“ATO”) in the
illustrated embodiment, that preheats water, fuel, and air to create a
fuel mixture delivered as the feed 104 to the processor reactor 106;
a fuel subsystem 508, that delivers an input fuel (natural gas, in the

illustrated embodiment) to the oxidizer 506 for mixing into the feed

104 delivered to the processor reactor 106;

-11-



Note that not all aspects of the invention are limted
to application in such an integrated power plant.
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plant 20 that is not integrated. In the enbodi nent
illustrated in FIG 5, the fuel processor 200 nore
particul arlw m«frmubsssmnséb(hrthat detiverk watqnm&@cé"lfo 206 for mixing

"< an: aut of #5p heh r ) G o SRR R B S ka0

an oxi dat i oRp LeduesRh 5ERGht ABlivdiahir rt@ﬁ@rmom‘mef mixing into
input to the fuel 'processor 100 into a gas 108 for

the fuel celthe &odl0bdeliyriedite the moessagmpackril6a#ndanode
tailgas oxi d'tcgﬁgian{ sl tc%m iz cobﬁé#%x%ﬁeggtg{ers i1t1 (t)he operation of

enbodi nent , pre S "water

create a f gl pmeswrreawkﬁl 0661 @ thangert descritRddibae t o
the processor reactor 106; 3 ste

ub
t H&e poater plapk s (g}]alﬁ(h B{ﬂud‘eﬁ, the c(qquLﬂgFenb ggf haj, c?rﬁgﬂs the operation
ol Rt o@\te? glag Tlc)let Onk tﬂfsk%%ﬁééﬁ't ROBorktfd1 sPdteh a4 is the

into t ivered to the cessor reactor
1@ﬁnperdﬁ1rd/\®oﬂt®614zfcﬁ9ﬂ®9@rd%€§'s/ U82t1h64¢1©0®§<83 reactoat 896 through the

SRR RGP h RS20 184 Cthat Lot B B8 Ene. pr ocessor

reactor 106; an air subsystem 512, that delivers air
to the ATO 206 for mxing into the feed 104 delivered
to the Qneolwbcsdm m@é@n@tatmewoa@fdthg canigeloiyaigm 514, first shown in

Slﬁ?% b bsnl 18$ra‘t?d:]1gaﬁt}r tsagrgdr ﬁlréé a ﬁgt@gts i gbr}nb gmbodlments the

deshtidlnssteaDOYE be 'ﬁhpleﬁﬁmﬂ ol aﬁéﬁm}ﬁﬂﬁg&bﬁeml dmipﬂdﬁ% 4 hember of
control system 514 that controls the operation of the
p@@éﬁpu@rwﬂ%@@ s epnigeb| systern & 14a §kche RE CHiRigh IBWtq?é‘thl some

C oL Ate(?ytﬁ‘% et géerﬁttb% of %H@%Qt O%ﬁéé&ntﬂ)@l f[-fb‘ivekfgxe in the

process of Fe processor reactor rough the
t elfpstrasddisebadimentpthe wontpati2g apparatﬁQ 8a0 cal.ﬁrcdeaﬁ raslbwd; of the fuel

above. arti.cul ar | ene at 0o
ccﬂli?cieéﬁoogsg lt%é’ﬁ%a%ﬁﬂ nog P‘i“g? | o F?Qf C%np‘ﬂ*tglg apparatus 600 is
b dstbated dub nBddGhot 8 raskdmbhized ﬁBall Bebsditdeats, TheedOBs aspect

embodi nents, the control system may be i npl enent ed on
a of e givenginsylenentatomgs inet mytesiah tmﬁ@rpr@ﬂwfs)fctbnpm@ﬂ@n The

such as the contr ch. of
coreing Sheee o) AL HE T binca ih, 2 sty BefPBly somputes o
f uRdrkREEEL 8 90tecbdélOor 1HPNOE ¢eputer) ahRebedded processor, or the like.

The computing apparatus 600 illustrated in FIG. 6A and FIG. 6B includes a
processor 605 communicating with storage 610 over a bus system 615. The storage
610 may include a hard disk and/or random access memory (“RAM”) and/or
removable storage such as a floppy magnetic disk 617 and an optical disk 620. The
storage 610 is encoded with a data structure 625 storing the data set acquired as
discussed above, an operating system 630, user interface software 635, and an
application 665. The user interface software 635, in conjunction with a display 640,
implements a user interface 645. The user interface 645 may include peripheral I/O
devices such as a key pad or keyboard 650, a mouse 655, or a joystick 660. The
processor 605 runs under the control of the operating system 630, which may be

-12-



il lustrated enbodi nent, the conputing apparatus 600
controls all aspects of the fuel processor 100

wop@rari2esr not under manual control. The conmpuPCTyS2004/009783
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apparatus 600 is rack-nounted, but need not be
rack-mounted in all enbodinments. Indeed, this aspect
2 praticalyamgi aenatingpystamritnaninga dhd art.ndhe apnlisetien 6¢Jistipkoked by

practice .of the in tion. The _conputing.apparatus.

B0 Ry e P Bt bdPa B S RBopiser Boarc Arhstiing, on the
a impRirestaAloh @R thebpafiiapepferR63b.apt op conputer, an

enbedded processor, or the like. The conputing

apparatus 600 illustrated in FIG 6A and FIG 6B

i ncl ud SQl, ' i j

7o) soStutp i O30 8F SRR £3Lh1M: ththayepy prsenicd
may téil oile saftivaredinthlelierged! hevcessaingrolvirgy sy@sisoliverspregentations of
("RAM') and/or _renpvable storage such as a f]| cHop}/ .
megEatipes an et bits JHin R BETORAM ¢ CRUBPEE spigien of a compuiing
st e ' ] &2By those in the art
SHRYRAC AL L SREAES Mot UL RaBE0, s i
ope natst effecsiyslyeonés0the sgstancmoBtheiacerks of othersskibiad in thedut. The

an 30 a i cation 665. The wuser. int.erf software.
o5 R T RGeS i g s, Usualy.
USRSughNh&r heeesafifip - thddRequpffied MHkerthac®rhAst sedtricag |11M4(?etic, or
peripheral I/O devices such as a key pad or keyboar
63Dtical signale emableopl dejngy storask BEBIEEHe copbineds smpared, and

ggpghgr%%% gﬁar}ﬁﬁ@attgcg.e It a%t}{%%refg{%}r%g%@gag r’cﬂésﬂ%ff‘éfﬁaﬁﬁ@or reasons of
P

€Q8 783r tofthésetsighalslay bitnyvabpey elémeags,sysibely) characters,
known to the art. The application 665 is invoked by
t HeespByEbegPrdhelisn 630 upon power up, reset, or
bot h, depending on the inplenentation of the
operating system 630. 5 Sonme portions of the detailed
descri dt slandd bebeina ianend; dosegeretitat gl pf §see edisiniilar terms are to

terns of. a_.software inpl.emented process inyolvin .

s ifoiepeisted YR St 2ppiohals hyGigel avanies GRY i 21glplysconvenient
W 15151 a1 18 T8 filYesk RuintBREP WiHIAG spYditieMyOdtatdd 6P BRieiWiRg as may be
device.  These descriptions and represéntations are_ the
mesgnarents ddobghouh tsepresent fisclasure, theserdsseriptione sefpr/iel the action and
convey the substance of their work to ers i ]l
Pl o Thaaoe G Do b st B e Sy HRLTR fiod Bftosentca o
phiskiedl (cleRitbiiy] Mbbiis, &f ofitydiqahtitisanithihiséme electronic device’s
Usual Iy, though not necessarily, these quantities

t akaraghiatq ovher eata sinailarky] repiiese ailygicalpuanfiigs wighin the storage,
si gnal fi. el re fer : I
o SRR oL LR S RBPLE s grnofng sch
prdeg@iptioanvas) ewithadt tlimitsionpr itheci paiby “porcessaess’dnScahputing,”

cQ n uysage, to refer to these signals as bits,
v eRBRlat . A Gype k1Y s 4L BY Bk

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
transmission medium. The program storage medium may be magnetic (e.g., a floppy
disk or a hard drive) or optical (e.g., a compact disk read only memory, or “CD
ROM?”), and may be read only or random access. Similarly, the transmission medium
may be twisted wire pairs, coaxial cable, optical fiber, or some other suitable
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15 terns, nunbers, or the like. It should be borne in
m nd, however, that all of these and simlar terns are

W 2004020298 soci ated with the appropriate physi ceCT/US2004/009783
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quantities and are nerely convenient |abels applied
to these quantifies. Unless specifically stated or
otilaesmissien asdivey kbewi2® thepar erite, invéntiongh oot limited by these aspects
r?sent di scl.osure, these descriptions refer to the
Of PORSYFRHITRIPBEUEUAY of an el ectronic device, that
mani pul ates and transforns data represented as
physical (electronic, magnetic, or optical) quantities

wi t hi n BEae @r@&mqadim Blugigatpe éhes operelipna) eintdifase dighween the fuel
dat t ¢
S e, I D S 8y e i

dewdle®s a tﬁatemha{ger g0 tireughewhish deslaht M@ muy be air@Bated from the
descrl ption are, without lim¢tation, the_ t

" PolaBis gqhqgstem l:Qgﬁp ukhenBeat exehange s actoinﬁallede rthr{:?‘)ugh a temperature

" ASLESIARY AR that tﬂfqit@ésat}ié @lgw dﬁﬁg cbd1&nt ﬂlléefhroN@B ehehP exchanger

that the software | ement ed aspects of the invention
aﬁ@Otrgspmeé tp the smsdda tbnnptra;mmffthfr straaf H1& gFleantesiperaige control

RS RSt B ROBTIAE e GOPL s SPr S Pl TS B 2 the

m%&ﬁﬁérhtﬁré Rotftrol @hifs! 9PRY - dfkﬁf& OfThas, Nehe dhehe |é4(@}ia1fg6r 700 and the
optical (e.g., a conpact disk read onIy menory,

" CD
Rcmmp@raimﬂjcqmyl it 7@ coropriisg, mrthlsaqamwaa@a@@élment a portlon of the
S|n1 arI % ansn133|on medi um may be tw sted
cpgaﬁ "¥§’S e&%}:\ cable, optical fiber, or sone
ot her suitable - 13 VD 2004/ 090298 PCT/ US2004/ 009783
transm ssion nedi um known to the art. The |nv%)t|on

not |i ,ﬁh@se@nggud@sﬁ@g @e@glg@é@sgnptéqn a’ﬂ'&p Wr embodiments ngClOSGd
| RLE ﬂ](s'trg 412 %@ﬁ@@lﬁio‘fﬁﬁ%é Ilnl)&‘l?ite& ahe gra'é:ﬁ@ed in different
operationa etween t processor

10t @i vl mu&iers:qiﬁare&@zﬂo flioss skﬂ;lhtbvmthemrt:h@lng theNodnefit of the
t hat the I nterf I ncl udes a .heat excha 700 :

{ HFSUES WBTER: OB HIREtED TRyl B BIENT Ghf APBFd of Hie detals of
c %h?rﬁﬁ:uéﬁ' Byt EMeR shdWe IR thAXERAGD el $n BRULRL bedw. It is

ou a tenperature control unit 702 that throttles
t Hberéfoowe‘aﬁeltthhatdb@ paurticule embpdioegts dlmowé@bommarb@ealtered or

700 ({1 (g %ﬁﬁ fagigt&%}e?? igﬁcoﬁgaﬁﬁﬁﬁ tﬁé S&Fp% A" s%m of the

CQHﬁélﬁbhedA@bldlﬁglyC@[H pdkectys tsenathd ]hférdnlil i§ tae ss@ftzth in the claims
manner as the tenperature control units 228a - 228d.
Tthefow.t he heat exchanger 700 and the tenperature

control unit 702 conprise, in this particular

enbodi nent, a portion of the coolant subsystem 102.

-14-



15 This concludes the detail ed description. The
particul ar enbodi nents di scl osed above are

WO kdoum9298 | ve only, as the invention may be noRGCT/USH04/009783
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and practiced in different but equival ent manners
apparent to those skilled in the art having the
benefit of the teachings herein. Furthernore, no
limtations are intended to the details of

COVEIATUKN CPATMEPESi gn herein shown, other than as
described in the clains below It is 20 therefore

evident that the particul ar enbodi nents disclosed

alove !Aaﬂlepﬁo@ésﬁﬁfgﬁré@?sén. dified and all such

vari ations are consi within the scope and spirit
of t heapronessor rentor;Accor di ngly, the protection sought

herein i s . set forth in the,clains below -14 WO

2004/ o@é%‘é%"ﬁ%ﬁ%%?ﬁ&f?%%%%d WHAT IS CLAIMED: 1. A

fuel PROERISRsubSRIEN isShdi@e frémPthecRes anhdr epabler of airculating a
feed to the processor reactor; and a cool ant subsystem

separ at e f r 6aolepidhrosgly theioeessPaBsastadss circulating a 5
cool ant through the processor reactor. 2. The fuel

PRoces 9L 10 lp%c@és%]r &f ?lmt[,e\jvlrﬂer«t:iﬂ?hé)ﬁx‘a%§§§1‘}%acrt&qﬁélﬁﬂes at least:

i ncludes at Feast: a first stage capable of receiving

t he feedfishdtagerchpabit nd raceiwng dhédearnind pefomiing an autothermal
thereon; a secand_stage capable of receiving the feed
fromthe fi F?ﬁcug?g’ﬁéeognd removing 10 the sul fur

t her ef a@oR didYe cdpsIR8LrceaRRB! tBe Rled TRMEIHE M6 dtA dr@g¥moving
fromthe second stage and performng a first shift

reacti on t héreetyhfur thefedioh st age capabl e of recei vi ng

the feed.,f. the third : f ar m
e eSO T Bk SRANG LA e, PR Bl A BcBGAOMze and
of recei vi ngetfbenihgedirétrspin teh@idnaligredn;st age and

preferentially oxidizing the received feed. 3, The
fuel profestostage capalilm af regseing ibe Heed dewm ther hird stage and

processor r(i?ﬁ{ : Uelon 1Rikon: 23R4 Wat er
m xture. 4. elql?laglﬁggérlog%§2§to{e oi‘mc a{i %"’1, wherein the
cool anta $ifiths yiape mapatdé uafeseceiving the feed from the fourth stage and

preferentially oxidizing the received feed.

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

conveys a fuel, air, and water mixture.

4. The fuel processor 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.

5. The fuel processor of claim 4, wherein the cooler comprises:
a heat exchanger; and

an air blower capable of cooling the heat exchanger.

-15-



20 a cool er capable of receiving cool ant circul ated
fromthe processor reactor and exchangi ng heat

wao bh@nedesy a cool ant storage capabl e of st oriPQI/US2004/009783
cool ant received fromthe cooler; and a punp capable
of punping the stored coolant to the process reactor.
5. The fuel processor of claim4, wherein the coal er

conpr i Tbs fuel porcassheaf claipthavigssin therpoles figiher spHREses:
capabl e of aljng the heat exchanger. -15 WD
2004/0@55@@8%@/%%%@39’@8(8783 6. The fuel processor
of cl aiaRdondWitei1ewer dapsble op¢dling thid seesnddmapeichesger.a
second heat exchanger; and a second air bl ower capable
of cooling the second heat exchanger. 7. The fuel
procesdbe %6?1 REPGESHAT AT il b Wharpa %&% Bt COBBISPS Risleagt one of
I fon SiLlWRHSh a1cBhdl Ycol , an oil, and an

> alg%g ’o?gl?g&aixhe fuel Brcocessor of claim4, wherein the
cool ant storage conprises a tank. 9. The fuel _
pBoces Jbe fiodl podcasser of cliinr 4.hwrereio i ¢osiang stoage 6RMprigesra tank.
capabl e of heating fuel, water, and air and

f gedi ng, t he . m xt . c reactor via the
fged; %6‘6%1?1 aécrce%&%%f @a%ggf#%‘%&%%?’“%@gan ding fuel to
t he oxiafliok&fizer @apwdlesf baakiny Stietnwatanaht eiradndpfeedihg ithegmixture to
water to the oxidizer; an air subsystem capabl e of
provi di ng ailte RrgcaspEcapior 2tk feedn. The fuel processor
of cl ai : IS [ to the at

Y |'east agﬁlnéle1 Sgéftﬂgtrsna Stggypk@é&%%?u&rﬁ@e@l? S)té(li(ﬁ%f ocessor of
cl ai m hGyaterabsistent tepaldle pfipmividing weteptd the oxalizenut | et

and an inlet. through i ch the cool ant he
ci rcul 308 SP‘&”&W%‘%P@%Q?I’{??@% Tﬁ%"at?*m%r- processor
of claim 10, further conprising an oxidizer capable
prigheatyihBGuélypbsesiriogiclaidng faither lcOmpeiBiag al @nae@iodC8SBe at least
feed streamintroduced to the processor reactor
t ono gxflsrnehesef.eed. 20 13. The fuel processor of claim
12, wherein the oxidizer conprises an anode tailgas
oxhdi zef. g rga%scgruﬁj 1R5P§6SHRLref the ! BhMclion \M3RIpBsEs an outlet
t hé  coolant s%bsys em Furt her

and an inlet through which the coolant may be circulated to an external user.

1

w

12. The fuel processor of claim 10, further comprising an oxidizer capable

preheating fuel, water, and air to generate a process feed stream introduced to the

processor reactor through the feed.

20 13.  The fuel processor of claim 12, wherein the oxidizer comprises an anode

tailgas oxidizer.

14.  The fuel processor of claim 1, wherein the coolant subsystem further

comprises a plurality of temperature control units, each temperature control unit

including:

25 a temperature sensor sensing the temperature of the coolant in a portion of the

processor reactor through which the coolant is circulating; and

an actuator operated responsive to the sensed temperature in the portion to

throttle to flow of coolant through the portion.
-16 -



conprises a plurality of tenperature control units,
each tenperature control unit including: 25 a

W0 209peY@vRIr e sensor sensing the tenperature of PETES2004/009783
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coolant in a portion of the processor reactor through
whi ch the coolant is circul ating; and an actuator
operated responsive to the sensed tenperature in the
pdbt i orA powertiangs conepristgf | ow of cool ant t hrough the
portion.. -16 WD 2004]]/ 90298 PCT/ US2004/ 009783 15. A
pover PIBHPTOESIA PEPAYE 2 fuel processor, incl uding:

a Processor JReck &R kaldrathete febdtfat®t e; a feed to
the processor reactor; and 5 a cool ant subsystem

separ at e fr @feedie thergeesser reggiebPed of circulating a
cool ant t hr %huc%glah Slbﬁ%s?e‘}&§%)%faté ttgé 'feeﬂnﬂd%a Ab%d oiccﬁllclulating a
ted by T

powered by the refornate genera e processor
reactor of the feoelanfphames derproddssor Teestqoaet pl ant  of

claim 15, wherein the processor react i pcl udes at
east + iryobteri nastered e e CSaBe doRorbied oy BroCHRof tsagior of the
and perfor mgg [y ot hermal  reaction thereon; a
second stage capable of receiving the feed fromthe

first stage and renoving the sulfur therefrom a
t Hior d Skhegeweaplabt ef ofinr ide wheteigthe peockeset rqaeiommofues at least:

Cher cort: HE R e as el ibPand o By JeHbmRE Y yBihomal

from the thirgsttioh@geecoand perform ng a second shift

reaction thereon; and a fifth st agpe capabl e of )
r ecei viargeemstagsearttle af Taseivingiihe feedtiEnye thenfipst stage and removing

preferenti ald‘%‘gﬁ%?{r{%@mt he received feed. 20 17. The

power plant o wherein the feed to the
pr ocessothireatiger capaldavely secaivingelthe dead, fand thetsecond stage and

m xture. 18. The powe pg?t of claim 15, wherein the
cool ant subdFELERREAdSPaYt reget #F%%apabl e of

r eceit Vig Qo%ﬂpls@a%t? Spasie! &t egkelvign thbefeBd GFRRSME third stage and
reactor an
performing a second shift reaction thereon; and
a fifth stage capable of receiving the feed from the fourth stage and

preferentially oxidizing the received feed.

17. The power plant of claim 15, wherein the feed to the processor reactor

conveys a fuel, air, and water mixture.

18.  The power plant of claim 15, 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.

19.  The power plant of claim 15, wherein the cooler comprises:
a heat exchanger; and

an air blower capable of cooling the heat exchanger by convection.

20.  The power plant of claim 19, wherein the cooler further comprises:
-17 -



exchangi ng heat therefrom 25 a cool ant storage

capabl e of storing cool ant received fromthe cool er;
w@na4/0202p81np capabl e of punping the stored cooP@US1004/009783

the process reactor. 19. The power plant of claim15,

wherein the cool er conprises: a heat exchanger; and

an ai r alsbondheatagraldngenfan¢ ool i ng t he heat exchanger by

convection. ,30 . The r~plant cl ai
wher ei A P87 o i’?o‘?'effr P?@Bﬂg%%ropg%% :Q[{16 -Afgé)%%%at exchanger by
2004/ 090298 R&hchlsz004/ 009783 a second heat

exchanger; and a second air bl ower capable of cooling
t he second heat exchanger. by .  convect

ion. 21. The
paher phamowss pianhofclegn Lih ateren fiecoqali SAMPESFH?; 1635 one of
a e, .nf: a glycol, an oil, and an
> a&ggﬁgfgygg?mgﬁgE%%a@%ﬁ%Pght of claim 18, wherein the
cool ant storage conprises a tank. 23. The power plant
o22c| ailire pwef plrntheclaimigy Whenin the nodxitdtorage eompaiseea tank.
of preheating fuel, water, and air and feeding the

m.xt ur to th r SS I.eac via.the feed; 10 a

f&é sﬁjﬁlﬁlpﬁwgﬁ]glg@s & l%flspﬁlg&)lg%?or?lgﬁ}sﬁfg' to the

oxi di z@h oxalim@icepabidibSysharing dpdpwatenfang airvindi fogling thermixture

to the oxidizer; an air subsystem capabl e of

provi di ng ait? the@reqsss wrsten Hahe foad; The power plant of

claim f rieSi . i 1 0. the at
0 Foast Sauel b Sib BRI iy SRR oAb, 110 &

cl ai m 24yatswabsistent bupable nfiprtviding weteptad the oxaizeput | et

and an inlet throu whi.ch the cool ant be
ci rcul P84 .su .Ste%%a%g@ﬁ@fpli&v g?)‘f?ocq?‘ﬁl{’mr&‘i I wherein

t he cool ant subsystem further conprises a plurality
of4t ARk HoWep pED bf elaikNis! furtheAebmbRIRE halouh&tieR b ik at least
unit including: a tenperature sensor sensing the
t onpexigmat esevf the coolant in a portion of the 20
fuel processor through which the coolant is
ciykcul gt i .ng; : I r j

5 CRE sonbed ek Binal At 2 AR i S ERRPITIHREL % gutict and
f lapwnlef theomgh avtict the ook nttoivey Yporitcubated.

26.  The power plant of claim 15, 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

20 fuel processor through which the coolant is circulating; and

an actuator operated responsive to the sensed temperature in the portoin to

throttle to flow of coolant through the portion.

27.  The power plant of claim 15, wherein the fuel cell comprises a polymer

electrolyte fuel cell.

25 28. A method for use in processing a fuel for use in fuel processor, comprising:
feeding a fuel, water, and air mixture to a processor reactor;

reforming the mixture in the processor reactor; and

-18 -



27. The power plant of claim15, wherein the fuel cell
conprises a polyner electrolyte fuel cell. 25 28. A

woreaohoeD2dor use in processing a fuel for use iPCT/U8L004/009783
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25

processor, conprising: feeding a fuel, water, and air
m xture to a processor reactor; reformng the mxture,
i n t he cpolinpeths processac taactor stk a cobdar\eeodd fivgothgdeed mixture to

PCT/ US2004/ 0097 cool i t processor reactor with
a cool ant séﬁlét@?}éet?mﬁﬁaﬂﬁﬁofﬁgae%?ﬁre to control
the tenmperature of the reformng. 29. The nethod of

chai m 28e nydHesdsMe1di@ X8; Whe@id feeorfiing feenikived hdrsles:
perform ng an autothernmal reaction; 5 cleaning sulfur
f porforting e ewtothsanelgesdtial; at | east one shift reaction

fromt J X performng a preferenti al
oxi dat ?%r%ﬁlgg%ﬁﬁ‘%%ﬁﬁg%eegggeed. 30. The nethod of claim
28, wheegbiniagat leag ohbehifireéiss fivaniht cteaned feed andol ant

i nclude cooljing the pracess .reactor wth af |east one
of vt @ETIORIE Jarerehfiel Ridation G 47 shiltlefbhol - 31,
The nmet hod of claim 28, wherein cooling the processor

r aact OFrihBnbNef cRARIBNyhRRAEM IR the Prddess fe@@r with a coolant
m xture 1 ncludes circulating the cool ant through the

prindedssaoling dut process 2eactmavifheatienst ene ef whist, 31lyetlettepih and an
Ci ;ccgl 1:":\ti ng the cool ant through the processor 15

r &&008r i ncludes: exchangi ng heat fromthe cool ant
circulated fromthe processor reactor; storing cooled

caal antTheegeihvedsf elain RBHegeih hwolihgribe prawksntresator with the

t he process reactor._ 33. .The net hod of .claim 31,
wisep hse@ﬁ%#@nh@erfs%ég i 5 DR EOED G e fgalant Ggouh the

C%%ée@% theigool ant by convection. 34. The nethod of
clfarm é whe'rei n cooling the processor reactor with

the coolant includes: sensing the tenperature of a
pa2t i oThefm¢thed pf deiss $hrwheesr tiseulatinghg Roalantdhrougl the processor

cool ant. cliécul ates; and
reactor mcludes:

exchanging heat from the coolant circulated from the processor reactor;
storing cooled coolant received; and

pumping the stored coolant to the process reactor.

33.  The method of claim 31, wherein exchanging heat from the coolant includes

cooling the coolant by convection.

34.  The method of claim 28, wherein cooling the processor reactor with the

coolant includes:
sensing the temperature of a portion of the processor reactor through which the
coolant circulates; and
throttling a supply of the coolant through the portion of the processor

responsive to the sensed temperature.

35.  The method of claim 28, further comprising circulating the coolant to at least

one external user.
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25 throttling a supply of the cool ant through the
portion of the processor responsive to the sensed

wo eovpes@adtire. 35. The nmethod of claim28, furtP@&r/US2004/009783
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conprising circulating the coolant to at |east one
external user. -19 WD 2004/ 090298 PCT/ US2004/ 009783
36. An apparatus, conprising: a cabinet; and a fuel
pB6ces dwrappantusi eregprising: he cabi net, the fuel processor
including:. a processor reactor; 5 a feed to the

pr oces%tﬁ?blpgt EI{‘) r; and a cool ant subsystem capabl e of

cool i ng fid)Hrévesor S6MAInEE@ACHO Catine, thb €uel ipRdcessopinchidinge
cabi net. 37. The fuel rocessor of claim 36, wherein

the process8PTeESOr 61aCiokc| udes at least: a first
stage capabl,g, %to&ﬁeﬁﬁo&s@%&&‘f‘mjw and performng an
19 Peack 'on

aut ot her mal hereon; a second stage

capabl e of newelat sgbsyitemfeapablé pbrvodlieg fhierpgbocessageaciordand the
removing the sul fur tt}eref on][ a third stage capable

of receiving the &Y MM second stage and

performng a first shift reaction thereon; 15 a fourth

stage gaRF]Preesdop 6LEMINNT6, VAR iR Btk frbedthdriteadidt ih€ludes at least:
stage and perform ng a second shift reaction thereon;

and a fi fitsh stagapepeidp 2| recabving dbeifeedngnd performring fanopytothermal
the fourth st% e nd0 preferentially oxidizing the
recei ved fedf"IBHANE 1 uel processor of claim 36,

wher ei R sebnd R dapalilb of ReeCREInE fdeddaing the A6t gampvaysemoving
a fuel, air, and water m xture. 39. The apparatus of
cl ai m 36, wks silfyr theeefews ant subsystem i s capabl e of

recei ving. t. clhdcu . I Yol d st d
Feact of S BB esBhuIE eI I HRE AP epond stage an
processor r gadboningadirstapibicectam thereams| at i ng heat from
the interior of the cabinet tot exterior of fhe
cabi net® {Jrtosiase h%ap%l? efi 6v°°bi 4 Hﬁe (,igfffrfécfm T%g %% stage and
The appar at Y3, Bfminkaisiod shiiRh&idh thiieoaabiant
subsystem conpri ses:

a fifth stage capable of receiving the feed from the fourth stage and

preferentially oxidizing the received feed.

38.  The fuel processor of claim 36, wherein the feed to the processor reactor

conveys a fuel, air, and water mixture.

39.  The apparatus of claim 36, 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.

40.  The apparatus of claim 39, wherein the coolant subsystem comprises:
a heat exchanger; and
an air blower capable of cooling the heat exchanger and the cabinet interior by

convection.

41.  The apparatus of claim 40, wherein the cooler further comprises:

a second heat exchanger; and
-20 -



a heat exchanger; and an air bl ower capable of cooling
t he heat exchanger and the cabinet interior by

weorwneeRdon. 41. The apparatus of claim40, wheCEUS20045E09783

10

5 fromthe codP

20

25

cool er further conprises: 30 a second heat exchanger;

and -20 WD 2004/ 090298 PCT/ US2004/ 009783 a second air ]

bl ower acsepatil eir dlowerotapabje tdfecobing thex bérd ragehangar andhghe cabinet
cabinet interior by convection. 42. The apparatus of

cl ai m 39, mﬂﬁ?%@ﬂ”?%@v%%gpant conprises at |east one

of water, a glycol, an oil, and an alcohol. 5 43. The

appar attus @bpaghadi 6 S@im \I9E miereit fiie coslh@ntorspiixey it deast one of
i ncl udes a cool er capable of receiving cool ant

civvat) aglyecls abeiltand apakeBelsor reactor and exchangi ng
heat therefrom and capable of circulating heat from

22{ | nter Lfﬁﬁm%ﬁlgt&eclﬁﬁlbﬁél &l helr&n RS coHht &b &stedl iddhies a cooler

i net. apparatus of clalmd43, wherein the _
c eapabid of rsivsie odlamtt dieulateic fragethe progessorcisattanand exchanging

st orage capable of, staring coo] ant. received. fr t he.
c%‘&iﬁég?mg‘ﬂﬁ a.nél ‘ﬁ@ﬁlﬁle@ ﬁgﬁlﬁgtn@f fler%&ﬁ?[rrh & Eerlg{ 8? g‘lg ca%met to the
CQQIABE of Be bi¥an&r ocess reactor. 45. The apparatus of
claim43, wherein the cooler conprises: a heat

exchan%gg; and an air bl ower capable of cooling the
hddt exdnanprsatuapficleme 42.aphencin thegostanppubsystemeurther includes:

f . L m. Ly 1dh
o e PR A A e

and a sewaficaphble bf puapingalpedtdred obolemab ithegprobess inepator.
exchanger and the cabinet interior by convection. 20

47. The_ apparat us_of . claim44, wherein the cool ant
st'drag h@@ﬁﬁ@rp@égfglap%ﬁ%\%qghﬂﬁ ogeﬁﬁgmgflﬁeés' of claim
36, whenghiedhsmdepahant subsystemincludes: a cool er
capabl e of receiving coolant circulated fromthe

pr oces swrirtdawtorapad of exadingriby hept Bechangdand fleosabingt interior by
cool ant storage ca abl e of storing cool ant received
fyectighiy

46.  The apparatus of claim 43, wherein the cooler further comprises:
a second heat exchanger; and
a second air blower capable of cooling the heat exchanger and the cabinet

interior by convection.
47.  The apparatus of claim 44, wherein the coolant storage comprises a tank.

48.  The apparatus of claim 36, 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.

49.  The apparatus of claim 36, 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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25 a punp capabl e of punping the stored coolant to the
process reactor. 49. The apparatus of clai m 36,

w0 eoothgn9gonpri si ng: an oxi di zer capabl e of heR€T/NH2004/009783
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fuel, water, and air and feeding the m xture to the
process reactor via the feed; -21 WO 2004/ 090298
PCT/ USzof4) 0pplysebsystehuef provigisigyuelip fyeseadizerst

provi ding fuel to the i i zer: q: t subsystem
capabl & ?te’fﬁui’\sﬁsg?rﬂ ﬁa reeoglptr%vnihﬁg W\g@?rgﬁl; %Iéero;kg&allgénr’ air

subsystamicapatan edpapledfipgbvidingilr td thetdxedigeri di zer .
50. The apparatus of claim36, further conprising a
connection to the at | east qgqne 5 external user.

1.
THY: applieapparagys of|ciaing o furfies PETPISAG 2 CORRRSEPR §py the at least one

COé?ﬁPérhﬁ%er@n outlet and an inlet through which the
coolant may be circulated. 52. The fuel processor of

claim 36, wherein the cool ant subsystem further
caripr i sBe appplathsaificlaymdio, whmsay the gornastink compussstag, outlet and an

eac e rat.ure control unit. Lq including: a

¢ e IR LA B 38lhCratBt Hieddrber ar ur e ot t he

coolant in a portion of the processor reactor through

whixh TR 6ol motessd of radaimatbongrhesdinl the @oldndt bsystem further

operated responsive to the sensed tenperature in the )

pooppsises 8 Plaalibt of demperaiugiyCoRirl Jgiisn caghh f@Rgmatyyee control unit

p%&ﬂu{i’iﬂ . 15 53. A power plant, conprising: a cabinet;

a tue grocessor contained in the cabinet, the fuel

pr oc es soempacturdiseigor seaasing dloetssperateaof dre; coalaneeda partion of the
ol an ubs

the processor reactor; and 20 a. |
capabl o of dBioE el geELe Bt He e i e and
I nteri of &ﬁuét&eoﬁéi‘g’cbdllséstpoﬁsif/&ﬁi tHeCdehsOthdieR@tkel 10 th?%grtion to

cabi net and powered b he reformats generated by
processor r dhutidy todtow pecooleal thyeughdbepertiog4. The f uel
processor of claim53, wherein the processor reactor

r Bei vinGO YRR mRE r tor i ng-an aut of her mal

a cabinet;

a fuel processor contained in the cabinet, the fuel processor including:
a processor reactor;
a feed to the processor reactor; and
a coolant subsystem capable of cooling the processor reactor and the

interior of the cabinet.
a fuel cell contained in the cabinet and powered by the reformate generated by

the processor reactor of the fuel processor.

54.  The fuel processor of claim 53, 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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reacti on thereon; a second stage capable of receiving
the feed fromthe first stage and renoving the sulfur

wo baned2esn a third stage capabl e of recei vi ngpeTiesioeea9783
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fromthe second stage and 30 performng a first shift
reaction thereon; -22 WO 2004/090298 PCT/ US2004/ 009783
a f our teh fetrtig stagapedprlleodf resssiing rige tfived flaerd theothitdhetage and

third stage a erfornm.ng.a seco hift .reaction

t her eon; anémggp?ggﬁ”ﬁ?) é%gﬁﬁﬁﬁﬁgn%?%?%éggving t he

feed fromfhhetaboudabhiblet 80¢eciing RhefRe@nkdal the fourth stage and
oxidi zing the received feed. 5 55. The fuel processor

of cl ai m 53 prefeesptally exdizingdhe regeivpdissdocessor react or
conveys a fuel, air, and water mxture. 56. The power

Pl@Nt Gy CHA) gfo%.gssom%r&éiﬁ 53eyhaehnatle fUPSYShe :?réc%ssor reactor
capabl e of recelving coolant” circulated fromthe
provoesysarfueleaictand veatet neixthiangi ng heat therefrom to

cool the processor reactor and capable of circulating

h fragmthe interior. of .the, io gabinet . to th : ‘
exior | OGO R e 55 Slpeln B Gt oo s capble of
C aBtdMahg colant EGuRRGETon iR Hrodksdg kédciora@d exblRhging Heletherefrom
cool ant subsystem conpri ses: a heat exchanger; and an

aitp coplbthe Precepunsireactir andstapahle o eireidatingehesh theggtgrior of the
t j Lnteri . [ . e . power

oI AR U] ol bineEREFE Bterido sty ool

conprises: a second heat exchanger; and a second air

blswer Tepesleephht cbdiiingp, therdete coxlahbsulheystamn dompeses:
cabinet —interior b dconvecti on. 59. The power pl ant

of cl aidhoBEex &if% he cool ant conprises at |east

one of 420 WBHEF cap@bldlof 6MlingaRe Rédt exHAHg @ hnd!tEOOMinet interior by
60. The power plant of claim53, wherein the cool ant

subsyst em i mohuebiena cool er capabl e of receiving
cool ant circul ated fromthe processor reactor and

e angg.n h herefr - ' .ng
et 1 P Ofbondt Pt (LTSI RS, Bl SR TE,
of the xwbéikicat exchanger; and

a second air blower capable of cooling the heat exchanger and the cabinet

interior by convection.

59.  The power plant of claim 56, wherein the coolant comprises at least one of

water, a glycol, an oil, and an alcohol.

60.  The power plant of claim 53, 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.

61.  The power plant of claim 60, 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.

62.  The power plant of claim 60, wherein the cooler comprises:

-23.



25 61. The power plant of claim60, wherein the
cool ant subsystem further includes: a coolant storage

w@e apabdeof storing coolant received fromthe PODUS2004/009783
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and a punp capabl e of punping the stored coolant to
the process reactor. 62. The power plant of claim 60,
wher ei m» Helteexcloaiger; apdnpri ses: -23 WO 2004/ 090298

PCT/ US2004/.009783 heat .exchanger: .and an.air bl o .
capabl &03f BIJ¥e %@a@ﬁ SFﬁoé)zL]lng @%%ﬁa&cﬁl%ea apg, glecca }nﬁ{é\]t%enor by
interior bycogidM&eti on. 63. The power plant of claim

60, wherein the cooler further conprises: 5 a second

heat exchanger; and a _second air bl ovverwg@pabl e of
c#8} i nd hemevreRlentofctamds Whsgin the ceqlsy HEher ¢ORIIsEs

by Con%%%%&n%@ieafe%(c?ﬁ%%r'%a\er pl ant of claim®61,

wher ei n € cool an drage conprises a tank. 65. The
pover pl @odndhirdlewven Edpableher @iohing Hize boatl excharmgeb sy ttkercabinet
i ncludes: 1Q a.cqol er capabl e of receiving cool ant

circul at ed FREHPRNEPVEHO8sor reactor and exchangi ng

heat therefrom a cool ant storage capable of storing

cql antTHe9eRiey Senf SR, GAGRI the 3B6lantSstdHasPcHaRaRs 8 tank.
of punping the stored coolant to the process reactor.

66. The power plant of claimb53, further conprising:

1%5an dbedozier Pleapafisiaimo?, pietcabilie Ggolpnfeiubs pcligigg

air an [ . . q
o o PEEASAGIS L ootk SRR g ARELR resctor
fuel to the eReisligimghicathevafrem; subsyst em capabl e of
providing water to th

oxi di zer; —an ai.r bsystem
capabl & ©plagt goiags AP ler")%tSE?“tnﬁéO%l;?P“cﬁe%%Y?ds %@mé’;? of{gy; and
power pl ' ok bl e _
Connectin R Qe f Bhiding M N cCRERID theYtofess enctof
power plant of claim67, wherein the connection

cdifpr i Sés pawepplahieef cdaioh 53 further eempigiegigh whi ch t he

cool ant _may..be circul ated. .69.. The el -proce . 0Of R
cl ai m 5%, o;%@@rreqaﬂabﬁ% 8{a %eg?ag’ﬁltg f%%lbgﬁée Searrﬁdfaﬁf%hdzg%lﬁg the mixture
conprises a t@kwlﬁbéésyrééétof ©fapks fkdr e control units,
each tenperature control unit. .

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.

67.  The power plant of claim 53, further comprising a connection to the at least

one external user.

68.  The power plant of claim 67, wherein the connection comprises an outlet and

an inlet through which the coolant may be circulated.

69. The fuel processor of claim 53, 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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including: a tenperature sensor sensing the
tenperature of the coolant in a portion of the fue

w@e@maesres t hrough which the cool ant is circul BET/I§R004/009783
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and -24 WD 2004/090298 PCT/ US2004/ 009783 an act uat or
operated responsive to the sensed tenperature in the
por t i omn taotuator aipetated: esporsiveoto hookraet tempengtiie fméhe portion to
portion. 70, T wer plant, of claimb wherein the

fuel cell cgﬁﬁﬁéﬁ Og%%f’élﬁ@rt%mé‘lg%?%er%qré?% fuel cell.

5 7F. A nethod for cooling a fuel processor,

COOpr i JheGsowi Plaltast Bigina 30 aVtendin tthe dugihcel pomprassod polymer
reactor of the fuel processor; and cooling the
cietestipkyteslyekqelli d t hr ough convection, the convection

also circulating heated air fromthe interior of a

cahi net imexterior. 10

7?.9' ThéAx ﬁﬁg{lﬁgg&o({ougb%lg%% \%sglé’g?%@?is'lp g'ul ating the

cool anteirtiiringhcadiant pirougss processearsager ¢fibe fiepbgrocessor; and

circulatin he. cqol ant . t hr ough several,. different . -
porti oﬁQOIH% tﬁ“ﬁ QHCLB?%@Z]%‘{)&WESPI&WCS%.thel'%oéwﬁ%t spireutating
claim71, wheied RirChdéf theidttigort d¥ea 6aRharibr tHer fdbproclsor to the
processor reactor includes circulating at |east one

of water, aegleyienl, an oil, and an al cohol. 15 74. The
nmet hod of claim 71, wherein circulating the cool ant

t h7|’29 ug htg %et?%@&feﬁﬁﬁ{ ?11 LRRER Bird s dedRs o GdihmUhAubh the processor

thé" coo roug € processor reactor separately

f rregrorairckedes tcacilhigng tioe esclant theaughosever. diffientrpotioas of the
of claim 71, wherein cooling the circulating fluid
tmr?ﬁ?éﬂf?”‘??ﬁm-ecti on includes: 20 circulating the

cool ant through a heat exchanger; and blowng air

acnoss HRenIRG! o CAGHANY WherdP cirdNRinFRhe 060101t tBloabitherocessor

wherein cooling the circulating fluid through
c oractwtingdwdds sotulddng atdpast oneef wjer halysobeantl e BLaieohel.
second heat exchanger; and 25 blowi ng air across the

segond a 71 G - [
eLoN« tl
wher ei r;ﬁ% Ir}éevtﬁ%%g%:’i%ﬁgpr’oshse r‘%ﬁ glr%[ggat e)%g %ﬁé%rtﬁfoﬁgh 16 processot

reactor includes circulating the coolant through the processor reactor separately from

a feed to the processor reactor.

75.  The method of claim 71, wherein cooling the circulating fluid through
convection includes:
circulating the coolant through a heat exchanger; and

blowing air across the heat exchanger.

76.  The method of claim 75, wherein cooling the circulating fluid through
convection includes:
circulating the coolant through a second heat exchanger; and

blowing air across the second heat exchanger.

77.  The method of claim 75, wherein blowing air across the heat exchanger

circulates the heated air from the interior of the cabinet to the exterior.

78. A method for cooling a power plant, comprising:
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circulates the heated air fromthe interior of the
cabinet to the exterior. 78. A nethod for cooling a

w@omeno@bant , conprising: -25 WO 2004/ 090298 PCT/US2004/009783
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PCT/ US2004/ 009783 circulating a cool ant through a
processor reactor of a fuel processor; and cooling
t he ci roinglilatiegla foalam thmﬂgmgpmmoemwtghof & fwel processor; and

cor e PSS BRI B o

exterior. 5 héfed BefibRl tHedin@iof lofliaTtabdnet VIBE @ Power plant to the
circulating the cool ant through the processor reactor

i ncl udes C|ﬁ%U¥@f|ng the cool ant through severa
different portions of the processor reactor. 80. The

mefghod @ LA db I GainyE Wil eReifr birGil 1‘?{[? Bl c&gl@ntctﬁfau%ﬂ khe processor

t hrough the processor ‘reactor includes circulating a

I efamtoromehxolbs watelnting the ywoaolant dmowghl several different giovtions of the
10 81. The nethod of claim 78, wherein circulating the
cOBPERICTERCIgh the processor reactor includes

circulating the cool ant through the processor reactor

s egoar atBieyméth€dof daihe?8l Wikrdih eirpilNGRSIHe boél@ﬂ(lhﬂjhgh @ processor
The nethod of claim 78, wherein coollng

citeeniordn¢ladesraingpigting ptdaeh one ofivelet ﬁcgh/cph @n@deend grEalcohol.
circulating the coolant through a heat exchanger and

blgwi n gl"l%égetﬁ% 8§<§1a1tnh ¢ h’ﬁ‘?etreiﬁ %ﬁaﬁm th olaﬂhﬂdﬁ%& srocessor

of "¢l erein cdoling the ci reur ating
t hbmmmnclnddss\/cﬂnmleding ithee taodias throuigle thegirocegsdr react@adepattely from

thr§‘g 1% second heat exchanger; and 20 blowi ng air
€< 10 tHe PESES AL RET- exchanger 84. A fuel

processor, conprising: a processor reactor; a feed to

t hg. pr opRs sRkhdde s tcldim F8C leAlth delny she ren%@ra@hgeﬂ@m through
circulating a cool ant through the processor 25

re&@V@ﬁmnamﬂMkmconnectlon to at | east one externa

gl‘c’gir mOfé:ﬁcﬁ géj c%g%ﬁ?t%?&r ha%r%at é&%ﬁ lélelanﬁr ocessor of

essor reac I'ncl udes at
| east : blowing air across the heat exchanger.

83.  The method of claim 82, wherein cooling the circulating fluid through
convection includes:
circulating the coolant through a second heat exchanger; and

blowing air across the second heat exchanger.

84. A fuel processor, comprising:
a processor reactor;
a feed to the processor reactor;
a coolant subsystem capable of circulating a coolant through the processor
reactor; and

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

85.  The fuel processor of claim 84, wherein the processor reactor includes at least:
a first stage capable of receiving the feed and performing an autothermal
reaction thereon;
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a first stage capable of receiving the feed and
perform ng an autothermal reaction thereon; -26 WD

wWQOm40920298 PCT/ US2004/ 009783 a second st age PEpHRI084/009783
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of receiving the feed fromthe first stage and

renmoving the sulfur therefrom a third stage capable )
of receiseconyl sthee dapehle bf reeiving the feeddfram dpelighsfage and removing
per form ng 3 fi rﬁ]tlr shift reaction thereon; 5 a fourth

stage capabl®® W BTy the feed fromthe third

st age anghird &fB' dHplle 201 @ERRGS hd tfedd dink Ghe tdRSRDRIage and
and a fifth stage capable of receiving the feed from

the fourth SesgEniaga® firprsbifbreapiiqnethpigoyi di zi ng t he

recei ved d. . fugel r i 1.84.
whereiﬁ‘ﬁ%§ﬁ¥§g%gt%%gﬁ% gfggg%§%§§§§g§%£Hﬁhﬁoﬁ%oﬁ%%§§mge and
a fuel, air pesbtningtaaeconidshift @actfbh thdieen;fandl processor

of claim84, wherein the_ cool ant sub temipcludes: a

cool er % 4PHosEEefcaPaRle; of AeFerdes 4t 149 it B {9t slee and
the processqfefRARLA oﬂagingaﬁ&%a%@&eaeat therefrom

a cool ant storage cdpable of storing cool ant received
fromthe cooler; and 15 a punp capable of punping the

st8&r ed Bofughpracessohef plaime84, wherenothe ®ed tTtihe fpyedessor reactor
processor %f.clghnhﬁ;, M@erein t he cool er conpri ses:
a<wggp@@QE a%&é?,vé d "AAAT T bl ower capabl e of cooling

t he heat exchanger. 89. The fuel processor of claim

87R7. wheTlei fueltgiecesad lofitlin 8dpwhaeia tid cdotas sultsystenfincldes:

water, a glycol, an_oil,, and an al cohol, 90. The fue
pr oces SoTO0lT capabigolgpceiving caplant preulatsd) fEom the psgssor reactor and

conprises a gapk ing%lzattﬁ&‘%g{)ﬁﬁ' processor of clai m 84,

further conprising:” an oxidizér capable of heating
fuel , wetoetant sinchgaicapabtechffseenigregolaherengixedifremttbe cadier; and

process reactor via the. feed; 25 a fuel suppl
Dby o gt cageoRpigimsare sty eieaologh t SeBedss epetar
subsyst em capabl e of providing water to the oxidi zer;

arB_Sg! I B YISir6dBs 2 B8 Blafin 877, WhQVinGhd\ghoMrcobPribére
oxli al zer.
a heat exchanger; and

an air blower capable of cooling the heat exchanger.

89.  The fuel processor of claim 87, wherein the coolant comprises at least one of

water, a glycol, an oil, and an alcohol.
90.  The fuel processor of claim 87, wherein the coolant storage comprises a tank.

91.  The fuel processor of claim 84, further comprising:
an oxidizer capable of heating fuel, water, and air and feeding the mixture to
the process reactor via the feed;
a fuel supply subsystem of providing fuel to the oxidizer;
a water subsystem capable of providing water to the oxidizer;

an air subsystem capable of providing air to the oxidizer.

92.  The fuel processor of claim 84, wherein the external user comprises a
mechanical system not otherwise associated with the fuel processor.
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92. The fuel processor of claim84, wherein the
external user conprises a nechanical system not

wo@rlvenn23e associ ated with the fuel processor.PCRUSAI009783
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2004/ 090298 PCT/ US2004/ 009783 93. The fuel processor

of claim92, wherein the nechanical systeman air

condi ti oni ng/ heati ng nechani cal system 94. The fuel

pri3cessde el qir9¢ﬁﬂ$6840f whameP? wheretoihe grgcbpnical system an air
ses an_out | et n |nlet t hrough which the

cog)ﬁé mﬁ*ﬁ@le téngcmec a]fnagl éfgt 0" an external user. 5 95.

The fuel processor of claim84, further conprising an

0Xg4di ZéJi‘heC@lBIabﬂoeess@f ehelaini 189, vhedein ﬂﬁtcmnnecaimd cairxtprises an outlet

generate a_process feed stream.intro ced to

prégdaadyet thioyeh gruhhihe aelenteay Reedtculseed t93a eﬁ?@ilal user.

processor of claim 84, wherein the cool ant subsystem

f uyst herrnCamprirs&isd of Wladhi 8 Afrnke '&ﬁi’;ﬂ%iﬁ'geaﬁ: Q‘B{‘idl?ér capable
units, each tenperature control unit 10 including:

t empfmaangj fieel swasH randeais kn genenate tacproessatioede sipfam h@roduced to the

cool ant in orti.o the processor reactor through

mmrgwss%éeaggo(ﬁlgﬁ?gq@l %’qd(tul ating; and an actuator

operated responsive to the sensed tenperature in the

PAG i OIMTHeO fudl herotdskd 6D cldimwsef whemdimrthe tdoolang subfetem further

portion. is 97. A power plant, conprising: a fuel i

pr°@€5’§1§%9r 2 plpelity pE éem%:erb%fc sl trrétac%q% frspRsFafiiengPngrol unit
@ a feed to the processor reactor; and a

coo ant subsystem capabl e of circulating a cool ant

t hr ougha tehperaifie pensaiesasing theatemperatiae df thewontaatin oportion of the

at | east one_external uel ocess r.an

el bel | ool ERee gy bR oA R R e e

Pr 0CesSQr ad@AGt Yerdtbd Y&ﬁoné‘i%e{o HeOEBSA0fempehiurd N8 the portion to
power plant of claim9 wherein the procéssor reactor

i ncl udes at th@&ﬁmfw@fcfop}a@t theouphdhepgriibhe of
receiving the feed and perform ng an aut ot her mal

r tio [ ; nd stage capable of receiving
tﬁgch ee %‘%}glrﬁq%#écﬁﬁp%%gq%t age and renovi ng

a fuel processor, including:

a processor reactor generating a reformate;
a feed to the processor reactor; and
a coolant subsystem capable of circulating a coolant through the
processor reactor; 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.

98.  The power plant of claim 97, 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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the sulfur therefrom a third stage capabl e of
receiving the feed fromthe second stage and 30

wpeeohovardsrg a first shift reaction thereon; -28CENIS2004/009783
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25

2004/ 090298 PCT/ US2004/ 009783 a fourth stage capable
of receiving the feed fromthe third stage and
per f or nd rfgusgh sﬁé@g@ndap@hlef of rreaﬁn‘t’lnsmh@hﬁeﬁéoﬁiomaﬁ@ ghird stage and

fifth stage ceaoableaof L dc%% agtl ;e%?ldanfromthe
fourth st agepé ammér Y ETE Fef

2|hg he

recei veq fifaettags Ofpabither ﬂ@d@fm@lt@etfe@& fb@l e Tourth stage and
wherein the feed to_the processor reactor conveys a

fuel, air, ariafesetially axidizingthe 1ggivedfiged power plant of

cl ai m 97, vvher ein the cool ant subsystemincludes: a

cogy er ’?ﬁ’é)? fant @F€d¥ikN97C Qﬁ{e% thé el 3 86k Tk @Bhsor reactor

t he proces actor an eXchangi ng heat therefrom
i ocaaveysad fuet, astmdargﬁemmnbe of storing cool ant
recei ved fromthe cool er; and a punp capabl e of

pu the st o ola o t.h ctor

Do, T s iR IGRTE e TaioBar S rSh dstages

conpr | S@Soolera: Fﬂﬂé oﬁﬁé@éiﬂﬂlg%olaﬁﬂﬁro@[htéﬂ frof| tB¥VBrocessor reactor and
capabl e of cooling the heat exchanger by convection.

15 102. The Pehenzing hkaat thefefiomsi m 101, wherein the

, cool er ther

oo o LR o 850t AR Nl S HE RISt an
heat excpangedpable of panpagtthe storcidolahtie thepeicep|reattorof

cI ai m 100, wherein the cool ant conpri ses at | east one

20 t I hol . 104.
0120 DS e i ¥E lim 8 sihierein Aol RSBE S an

st or age, RNRkdLaRSerarddank.  105. The power plant of
claim97, further conprising: an oxidizer capable of
pr eheat dmajr blowier capableof cealthgdhe heat dx¢hepgiriyy aoheection.
m xture to the process reactor via the feed; 25 a

fu S r Qyi_di
oxfd Zg’?l?é %ovi%%?%z%%éﬁ Sl% (glm%)éxgge %ﬁle cgg er ?ugt\?tepgorrglpnsets
to the ®ydcdhdBsat exchanger; and

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

convection.

103.  The power plant of claim 100, wherein the coolant comprises at least one of

water, a glycol, an oil, and an alcohol.
104.  The power plant of claim 100, wherein the coolant storage comprises a tank.

105.  The power plant of claim 97, 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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an air subsystem capable of providing air to the
oxi di zer. -29 WD 2004/090298 PCT/ US2004/ 009783 106.

wab@4penzes plant of claim97, wherein the extePORUS28€009783

10

conprises a mechanical system not otherw se
associated with the fuel processor. 107. The power

pl ant of claim 106, wherein the nmechanical system an
ailoo6. cdidi power mglﬂrihe(aﬁ ickgmre¢harticecan thysexdpmab uses comprises a

c P RAE sih BB et bineafu tiis i S BOERSERRER e

cool ant may be circul ated. 109. The power pl ant of

clia7m Yhe pbweeiphnt hef claih ande, swhayist ¢ uchitdeal system an air
conprlses a plurality of tenperature control units,

e &OR tlen@é@@@tu@n@&wétwﬁw i ncludi ng: a tenperature
sensor sensing the terrperature of the coolant in a

pqr()tS' OHI‘H%f JRe glai:hg of L& m BY o&}ﬁ&éﬁ’trthé B&ﬁiégfblmrﬁﬁhgeﬁ‘%n outlet and

coolant 1§ cir ting; and an actuator operat ed
raspnh‘sﬂmcmgjhovhwtethsenelemt manpeeiatulated.i n the portoin to
throttI e to flow of cool ant through the portion. 110.

2@8 lW%gH?HL?fC 1%1 o2t Wg}erc%m El}e c%lo 1]{bl§§4t§‘8%tnlther comprises
a plurahty of temperature control units, each temperature control unit including:
a temperature sensor sensing the temperature of the coolant in a portion of the
fuel processor through which the coolant is circulating; and
an actuator operated responsive to the sensed temperature in the portoin to

throttle to flow of coolant through the portion.

110. The power plant of claim 97, wherein the fuel cell comprises a polymer

electrolyte fuel cell.
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