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deliver the feedstock under pressure to a fuel processor. A problem with the

conventional delivery system is that pumps are relatively expensive and have
20 relatively short life spans, with pumps often requiring replacement or rebuilding after
less than 1000 hours of use, and often after several hundred hours of use. Because the
pumps deliver the feedstock to conventional fuel processors, the pumps must be
operational or else the fuel processing system cannot be used to produce hydrogen
gas, and in the context of a fuel cell system, to produce an electric current therefrom.

25 Summary of the Disclosure

The present disclosure is directed to feedstock delivery systems for
fuel processors, and fuel processing systems incorporating the same. In some
embodiments, the feedstock delivery system includes at least one pressurized tank or
other reservoir that is adapted to store in liquid form a feedstock for a fuel processor.

30 The delivery system further includes a pressurization assembly tha’g is adapted to
pressurize the reservoir by delivering a stream of pressurized gas thereto. In some
embodiments, the gas is at least substantially comprised of nitrogen or other inert

gases. In some embodiments, the gas is a nitrogen-enriched or a reduced-oxygen air
1
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processor of Fig. 3.

Fig. 5 is a schematic diagram of a fuel processing system that includes
a feedstock delivery system according to the present disclosure.

Fig. 6 is a schematic diagram showing another fuel processing system

20  that includes a feedstock delivery system according to the present disclosure.

Fig. 7 is a fragmentary schematic view showing another fuel
processing system that includes a feedstock delivery system according to the present
disclosure.

Fig. 8 is a schematic diagram showing anothe£ fuel processing system

25  with a feedstock delivery system according to the present disclosure.

Fig. 9 is a schematic diagram of another feedstock delivery system
according to the present disclosure.

Fig. 10 is a schematic diagram of another feedstock delivery system
according to the present disclosure.

30 Fig. 11 is a schematic diagram of another feedstock delivery system
according to the present disclosure.

Fig. 12 is a schematic diagram of another feedstock delivery system

according to the present disclosure.



according to the present disclosure. 30 Fig. 11 is a schematic di agram of
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Fig. 19 is a fragmentary schematic diagram of another delivery

regulator according to the present disclosure.

15 Fig. 20 is a fragmentary schematic diagram of another delivery

regulator according to the present disclosure.

Fig. 21 is a schematic diagram of a fuel cell system that includes

another feedstock delivery system according to the present disclosure.



one feedstock. The fuel cell stack is adapted to produce an electric
current fromthe portion of product hydrogen stream 14 delivered thereto.
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i mm scible or only s y mscible with water, these feedstocks are
typical |y deinwefed stoeahuebnipingrge ssearbapcniaigimgategdsock and water. Other

20  suitable mechanisms for producing hydrogen gas include pyrolysis and catalytic

partial oxidation of a carbon-containing feedstock, in which case the feed stream does

not contain water. Still another suitable mechanism for producing hydrogen gas is

electrolysis, in which case the feedstock is water. Illustrative examples of suitable

carbon-containing feedstocks include at least one hydrocarbon or alcohol. Illustrative

25  examples of suitable hydrocarbons include methane, propane, natural gas, diesel,

kerosene, gasoline and the like. Examples of suitable alcohols include methanol,
ethanol, and polyols, such as ethylene glycol and propylene glycol.

Feed stream 16 may be delivered to fuel processor 12 via any suitable

mechanism. Although only a single feed stream 16 is shown in Fig. 1, it is within the

30 scope of the present disclosure that more than one stream 16 may be used and that

these streams may contain the same or different feedstocks. When carbon-containing

feedstock 18 is miscible with water, the feedstock is typically, but not required to be,

delivered with the water component of feed stream 16, such as shown in Fig. 1.
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streans, such as shown in Fig. 2. In Figs. 1 and 2, feed stream 16 is shown
being delivered to fuel processor 12 by a feedstock delivery system 17,
whi ch wi | Wabes/0783di scussed in nore detail subsequently. FuET/c®Bloesatack 22
contains at |east one, and typically multiple, fuel ~cells 24 that are
adapted to,produce _an_ el ectr. ' . 3 | Of : ct
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one or nore devices or collection of devices that are adapted to draw

el ectric chydegen stream 14hdelivesdd deteto. SThis electris ourrent may pe yseddRr setjsdy &g | v
includes multiple fuel cells,.joined toget.her . tes 23,
whi ch cont §}1?Tg§Idﬁlinﬂn€seP¥ oA 1040 ?n%sg%%}%tie §ngr%%%%ﬁ u@%ﬂ?%gﬁe@gﬁ%l es of
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nol t en- carbonate fuel” cells (MCFC), solid-oxide fuel cells (SOFC), alkaline

fuel cells26ABCpde.abi ghovidonotehe histitse- e aBY SABDIFEPD Q| 91 PIPBIPECIAYT PEM
fuel cells).. Occasionally P 18l S r ihek- pol yner
fuel cell (‘) 5?-’;!9%%’ reﬁlée@alﬁ%% Qtrhlgk{lllrr%IlII rVae?lle ﬁlfshztl)t’61 £tge(%2{t§%re%q%fﬁg’ gﬂﬁ(l)%gi %o(%ot he
cat hode i s liahii} ¥ssemblies, ppRndeh @duch @adiohyehotthduotisr pppliannes), tanpitersan
el ectrical insulator, Fuel cell ‘it acl% 22 may .. recei ve al.l of roductt
hydrogen stipdistral equigsastdrougghold or Oifice, Figpling Pr LGP Raony cauRypent,
al ternaki vely.y; Bg, f¢hs \ﬂﬁ&e?goo%{lﬂt o3l 39R1sEnGRARMILY ilfsRhted $EFIgN 1 aR@TET
hydr ogen- consum ng process, burned for fuel or heat, or stored for later
use. For exssupt & repsasshteoncl@r maye devidesde catledtimmsef davecelyhatoge adaniet tege
device 13, as schematical% 30 'Ilu tra,[tged in dashed lines in Fig. 1.
Exanpl es ofdr&tieleaicevRgay é@ﬁh% %%‘egyﬁ ¥ ces include pressurized tanks
and hydride beds. Sim lsgdilén ssacktigpedily Aedided alultiifle Fell RBS jon@N®gether
ener gy-storage device 15, as also’indicated in dashed lines in F{yﬁ}éﬁsl'

a

Exanpl es ofbetveesint edvhmor nendgplatesoragwhithy tersaini feidudelivisat/raaiqvak co

capaci tZ%r S ’Illgs%iati]ille %%Qrﬁﬁe? of ?uitable types of fuel cells include phosphoric-acid fuel cells
(PAFC), molten-carbonate fuel cells (MCFC), solid-oxide fuel cells (SOFC), alkaline
fuel cells (AFC), and proton-exchange-membrane fuel cells (PEMFC, or PEM fuel
cells). Occasionally PEM fuel cells are referred to as solid-polymer fuel cell (SPFC)

because the membrane that separates the anode from the cathode is a polymer film
25  that readily conducts protons, but is an electrical insulator. Fuel cell stack 22 may
receive all of product hydrogen stream 14. Some or all of stream 14 may additionally,
or alternatively, be delivered, via a suitable conduit, for use in another hydrogen-
consuming process, burned for fuel or heat, or stored for later use. For example,
system 10 may include at least one hydrogen storage device 13, as schematically
30  illustrated in dashed lines in Fig. 1. Examples of suitable hydrogen storage devices
include pressurized tanks and hydride beds. Similarly, system 10 may include at least
one energy-storage device 15, as also indicated in dashed lines in Fig. 1. Examples of
suitable energy-storage devices include batteries, ultra capacitors, and flywheels.
5



WO 03/ 077331 PCT/ US03/06824 I n many applications, it is desirable for the
fuel processor to produce at |east substantially pure hydrogen gas.
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pr ef er abl essor 1s adapt'ed to produce pure 10 hydrogen gas.
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gas is greater than 90% pure, preferably greater than 95% pur.e.
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disclosed In U S" Patent Nos. 6,221,117, 5,997,594, 5,861,137, U.S.

provi si onafuepadibsysteap phd fiat pronesser praferatdy isoulepted (@ prdues sulistagHalBsP¥E| ed on

April 12, 2002 and is entitled "Steam Ref.orm " d
pendi ng U. BYrPENess: %ﬁlpq"?l&mqrﬁﬂre%%g%&lﬁ%?sﬁ?&ﬁa%g%?fbglgc%%ﬁel\/ar ch
8, 2004, pH?c!rk%éhegas.o FoNEHe se28f the Pockesdisdl Surd wiistaitiatly Patectdrogen

Appl i cation 0010045061, and is entitled "Fuel Processor and stens
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i ncor por at et poses: “For purposes of illustration,
the fol | owenansles 60ssitadle Widl | proessors bee fiselosepimdb8sBaten2Nas. 6,28t.hm

reformer adapted to receive a feed stream 16 cont.ai njin
car bon- conb&PRiSAg 5@@&4@&9-&-8]@’%&?1%5 é}at%.appﬁ?ﬁé\%&e‘%\l%% WA Ehe
scope ot 105l SRERTH" AR, Hoeln@iOEARRA™ ShAnTRY LAk, PidITHodREE, as

di scussed above: ustrative exanple of a suitable steamreforner is
schemat i cabhy péddirst raSedPatenti pplatiom dNondI%826 lgevhichl [was affilegp on

Ref ormer 30 includes a_hydro - pr adugi.n eqi . i n.xed
St r omm 36 SEHEEBAE P DRl oo gl OF ofhtshd PALR AR OF
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to as a reformng region, the mxed gas stream na&égbe referred fo as a 30
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tC ﬁ;? | Yﬁt& 3%@ icglﬂ})nesra?ea}gérgbeyl i%éor{)gga%ﬁ%?&efgl%ng%r Qﬁ’paﬂ)o@éét. ot hermal reformer

For purposes of illustration, the following discussion will describe fuel

processor 12 as a steam reformer adapted to receive a feed stream 16 containing a
carbon-containing feedstock 18 and water 20. However, it is within the scope of the
disclosure thét fuel processor 12 may take other forms, as discussed above. An

25  illustrative example of a suitable steam reformer is schematically illustrated in Fig. 3
and indicated generally at 30. Reformer 30 includes a hydrogen-producing region 32

in which a mixed gas stream 36 containing hydrogen gas is produced from feed
stream 16. In the context of a steam reformer, the hydrogen-producing region may be
referred to as a reforming region, the mixed gas stream may be referred to as a

30 reformate stream, and the reforming region includes a steam reforming catalyst 34.
Alternatively, reformer 30 may be an autothermal reformer that includes an

autothermal reforming catalyst.



autothermal reformng catalyst. 6 WD 03/077331 PCT/ US03/ 06824 Wen it is
desirable to purify the hydrogen in the m xed gas, or reformate stream
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14. An exa e structure use in separation region 38 is a
10 menbs anmcmmid:lﬂt beadtly subkiantial porticai qfsf,h@othelngasnfb aad AHdegenTipe fietabt®d et al

menbr anes 4 Ies f menbr ane nodul f urality
of hydrog -l@e‘F P?/ét ﬁ’ﬁﬁt ﬁ@ﬁ’&ﬁﬁﬁ’&e IQYCBO%?DS%"P 0S Seg”%?gﬁ %ﬁn Iy
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graphite gaskets, are used to achi eve seal s arougd t he feed 3@ gﬁlrcgtreate
flow chanmesnsbraymgsst$. dixanmescef suifablsaneniroae Mmednics fermpdfrp e duise

t ubul ar h@%@&g en- gge&%’e%&t%ﬁeﬁﬁfgﬂreﬁ dlséM)Heﬁg n & §OPdiEN 196 W@Oﬂﬂ&er

sui tabl e rane nDdu es are disclosed in th
above- i ncorpaipatedisplotiasios waitt iahpicby maoqmated by refetencaforiall pmn@ses?alne nt

| t S | No. 10/067, 275, | ed 002,
l:ﬁ!to i ![ F gd K nlﬂw (ra3(r9|6 Zoﬁteph & Hl‘ilr@]ei’iyl erge]‘}féf@ﬁg glgm B}f‘?‘é‘%st %rg %ﬁs&n}%ﬁ edlut()g%r oc eés ing
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10/ 257, Decenber 001, is entitled "Hydrogen
Purifi cat i (dtehmadbltcattfesmelﬁbrapes;ammfmdcgaF@@BaIPrlbbé@%tP@ frops therrge & ni ng

the Sane. The co e, di scl osure he ab d .
appl i cati of& é’rléypé i‘lﬁ? ST A TS a&%%&léedmﬁm ‘Lér g%%%gté gs;aclg?% ?lg%lrb |loeoses.
The thin, pLanak cAxekodRN AR iR abhieveTREAs aammdam psedf @rcapkymeate flow

channels. Also disclosed in the above-identified application are tubular hydrogen-

is

20  selective membranes, which also may be used. Other suitable membranes and
membrane modules are disclosed in the above-incorporated patents and applications,
as well as in U.S. Patent Application Serial No. 10/067,275, which was filed on
February 4, 2002, is entitled “Hydrogen Purification Devices, Components and Fuel
Processing Systems Containing the Same,” and U.S. Patent Application Serial No.

25  10/257,509, which was filed on December 19, 2001, is entitled “Hydrogen
Purification Membranes, Components and Fuel Processing Systems Containing the
Same. The complete disclosures of the above-identified patent applications are also
hereby incorporated by reference for all purposes.

The thin, planar, hydrogen-permeable membranes are preferably

30  composed of palladium alloys, most especially palladium with 35 wt% to 45 wt%
copper, such as a palladium alloy containing approximately 40 wt% copper. These
membranes, which also may be referred to as hydrogen-selective membranes, are

typically formed from a thin foil that is approximately 0.001 inches thick, or less. It is
7
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in separation region 38 js pressyre sw ng adsorpti ation
region coft BCHOHECs THY, %P@%W‘ﬁ&“ﬁgﬁ 8? iwgﬁ’ Salgzéear%rb%élﬁ?@dsng errglt8 lﬁ%m ly
il lustyat equﬁ”c%a?gdfsaoséﬁqﬁhhgﬁboﬁbfh@&iﬂaﬁbnﬁ.g- 3. In a pressure swng

PSA) process,
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)

gaseous 15 i
cont ai ni ng hydrogen gasthepgpatnpletrdsesiitahle Pressup-soparabios RIAceEs &IrYs5ith gases,

under the proper conditi,ons of t urg, boki agsor bed
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36. 20 The success of usij ng PSA for hydrogen puri.fi cgéi nis due to the
rel ativel ydssdhrdnidinedsiorBigi dn B 2 GBeRWR THP&radsyrHIR (*&Péﬂceé% &87°%02,

hydr oc gg bg %ﬁ@é}%&;ﬁ%@&é& afﬁogl[ﬂg sh‘%z}% QBnihideh 588N Sas TSN |s@ased Hifithegen

adsorb o] rogen passes through the adsorbent bed
whil e the phifgigld thitecrairegdses, aindethe prdpee cauttibonseof teppperatire nd FreesuEdsor bent

bed periodically 25 needs to be regenerated, to renpve.these 0
i npuri ti es Wikcbragseigrd , onsp ey L‘ﬁdéofg?w mgterak RYEi SHoRYS re]‘ﬁ%ﬂ ioglge%t %%?%al ly

include a Hlyﬂfcghg/,ti)( 9 AARPERARR thACLS RiGorbB@tandtthus removed from reformate
stream 36.

20 The success of using PSA for hydrogen purification is due to the
relatively strong adsorption of common impurity gases (such as CO, COg,
hydrocarbons including CHy, and N;) on the adsorbent material. Hydrogen adsorbs
only very weakly and so hydrogen passes through the adsorbent bed while the
impurities are retained on the adsorbent material. The adsorbent bed periodically

25  needs to be regenerated to remove these adsorbed impurities. Accordingly, pressure
swing adsorption assemblies typically include a plurality of adsorbent beds so that at
Jeast one bed is configured to purify the mixed gas stream even if at least another one
of the beds is not so-configured, such as if the bed is being regenerated, serviced,
repaired, etc.

30 Impurity gases such as NHj, H,S, and H,O adsorb very strongly on the
adsorbent material and are therefore removed from stream 36 along with other
impurities. If the adsorbent material is going to be regenerated and these impurities

are present in stream 36, separation region 38 preferably includes a suitable device
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| east one bed is configured to purify the m xed gas streameven if at | east
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adsorbent gniefd st%rbtef}fﬁxaﬁﬁmst%ﬁat%%dbé ﬁse’ﬂcﬁﬁ(HdQ&Bénthﬁd§ af ﬁ:u&@tted\baib@d car bon
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pressure vessel zZi onventi ong
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COMposi§|i Oﬂﬁhmﬁgﬁr&n@éﬁﬁoﬁﬂﬁfaﬂg&dﬂw nsighmslobelt suseld befmdastood, wvesedi ng

di scussion, it Should be apparent that byproduct enerally

refers to thee othep awifablceadserbant m@%&#%ﬁ%ﬂl%ﬁ?%ﬁ?f“{ ?%‘{ngf’c}ﬂggﬁ{f}%{ beig
separ at ed frodnthe m xed gas stream In sone enbodi nents, this streamwl|
be created"8%"t he hydr ogen-rich streamis fornmed, such as in the context of
nmenbrane separati on Fags ehd preesdinghdisobsdion, at blmul@fmbcmbpmnt that epodnegam i s
at least tenporarily retained within the separati onh}z,a(%senbléf such. as in

the cont exstregm g esaerpldy seipdo thumpupities Hah g pligshydpeeriol STy, it
Is al sgsw %Ba??t%@ m‘?{edt g% diil 03y sEmb NGboRimbRaSthis SRR Qfill thee

purifi catl S ogen as Is perforrred i nternedi ate the fuel
processor apdtddnss ﬁhaéiydmgbﬂl-mha;uhamfiﬂcfmdcem gsuiet thereontexs ehsembrangl | y

: lsl SZH 2{ ggeépg@ﬁ&aq?sggg}.ﬂ%%sg lcle n g i embO(Izhme nts tﬁe s%ream CRAT AL tgrﬁpgrggf on 38
retained within the separation assembly, such as in the context of pressure swing
adsorption assemblies.

20 As discussed, it is also within the scope of the disclosure that at least
some of the purification of the hydrogen gas is performed intermediate the fuel
processor and the fuel cell stack. Such a construction is schematically illustrated in
dashed lines in Fig. 3, in which the separation region 38° is depicted downstream from
the shell 31 of the fuel processor. Therefore, it is within the scope of the present

25  disclosure for the separation region to be at least partially, or even completely,
contained within a common shell or otherwise integrated with the fuel processor, or
for the separation region to be a separate, discrete structure that is in fluid
communication with the fuel processor.

Reformer 30 (or other fuel processors 12) may, but does not

30  necessarily, additionally or alternatively, include a polishing region 48, such as shown
in Fig. 4. As shown, polishing region 48 receives hydrogen-rich stream 42 from
separation region 38 and further purifies the stream by reducing the concentration of,

or removing, selected compositions therein. For example, when stream 42 is intended
9



the shell 31 of the fuel processor. Therefore, it is within the scope of
the present 25 disclosure for the separation region to be at |east
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or manufacturers nmay require mninmm or H% i num_co ntratlﬁzlor1 | evel s or
f

][anlges t harangese thagi ﬁ‘ff‘eﬂiléfﬁteni fhan thoss ddentifisa hersing SHE @ Y Whep Py > khen

ue ce t I yh@hthiat isl S used
with a uelﬁésépf) u%e c"kﬁ% Eq{]el%%ﬁqﬁo\e&r{e&t oPéerygrﬁ (ﬁg%‘d Yﬁg?gﬂﬁflrrgﬂlrl ti etshat tshen t he
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48 includes any suitable structure for renoving or reducing the

concent r at 1BECIGINQURE %féh%sétgéﬁFscorrpoa tions in stream 42. For exanple, when
the 20 product str _EQ{QgLoZl A eRdedadyouittisie strictard oM dmidling 6l tedsding kheor

ot her device that wl
concentration of the selected compositions in stream 42. For example, when the

20  product stream is intended for use in a PEM fuel cell stack or other device that will be
damaged if the stream contains more than determined concentrations of carbon
monoxide or carbon dioxide, it may be desirable to include at least one methanation
catalyst bed 50. Bed 50 converts carbon monoxide and carbon dioxide into methane
and water, both of which will not damage a PEM fuel cell stack. Polishing region 48

25  also may (but is not required to) include another hydrogen-producing region 52, such
as another reforming catalyst bed, to convert any unreacted feedstock into hydrogen
gas. In such an embodiment, it is preferable that the second reforming catalyst bed is
upstream from the methanation catalyst bed so as not to reintroduce carbon dioxide or
carbon monoxide downstream of the methanation catalyst bed.

30 Steam reformers typically operate at temperatures in the range of
200° C and 700° C, and at pressures in the range of 50 psi and 1000 psi, although
temperatures and pressures outside of this range are within the scope of the disclosure,

such as depending upon the particular type and configuration of fuel processor being
10
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above-descr’ reformng, separation and/or polishing regions, the fuel
processor it theefdmmer inay [badernzad vwithast 2 eysing orshell.

20 Tt is further within the scope of the disclosure that one or more of the
components may either extend beyond the shell or be located external at least shell
31. For example, and as schematically illustrated in Fig. 4, polishing region 48 may
be external shell 31 and/or a portion of reforming region 32 may extend beyond the
shell. Other examples of fuel processors demonstrating these configurations are
25  illustrated in the incorporated references and discussed in more detail herein.
Although fuel processor 12, feedstock delivery system 17, fuel cell
stack 22 and energy-consuming device 25 may all be formed from one or more
discrete components, it is also within the scope of the disclosure that two or more of
these devices may be integrated, combined or otherwise assembled within an external
30  housing or body. For example, a fuel processor and feedstock delivery system may be
combined to provide a hydrogen-producing device with an on-board, or integrated,

feedstock delivery system, such as schematically illustrated at 26 in Fig. 1. Similarly,

11
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of a fuel cell stack. In such an odi nent, the system e rred to
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as a burner for heating, cooking or other )
In Fig. 5, a feedstock delivery system 17 according to the present

20  disclosure is schematically illustrated. As shown, delivery system 17 is adapted to
deliver a feed stream 16 to a fuel processor 12, which as discussed, produces product
hydrogen stream 14 therefrom. This composite system may be referred to as a fuel
processing system. As shown in dashed lines in Fig. 5, the system may include a fuel
cell stack 22 that is adapted to receive at least a portion of the product hydrogen

25  stream and to produce an electric current therefrom. Such a system may be referred to
as a fuel cell system.

As schematically illustrated in Fig. 5, delivery system 17 includes a
feedstock reservoir 60 that is adapted to store in liquid form a selected volume of one
or more feedstocks that make up feed stream 16. Examples of suitable reservoirs

30  include pressurized tanks, although any suitable vessel or device for storing a
feedstock under the elevated pressures and other operating parameters discussed
herein may be used. Reservoir 60 includes an internal compartment, or chamber, 62

in which the liquid-phase feedstock is stored. In the context of the following
12



applications. Simlar to the above di scussion about integrating the fuel
cell system wth an energy-consum ng device, the fuel processor and

hydr ogen- eansuw7asg devi ce may be conbi ned, or integrated.PdimudeBges2s, a
feedstock delivery system 17 according to the present 20 disclosure is
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schematically illustrated in dashed lines in Fig5. Illustrative examples of such
sources include other, typically larger, reservoirs, supply lines, and the like.

20  Accordingly, it should be understood that reservoir 60 will typically include suitable
valves, meters, sensors, input connections and the like. For the purpose of
simplifying the drawings, these components have not been separately illustrated and
instead should be understood to be represented by the schematic depiction of
reservoir 60.

25 System 17 differs from conventional feedstock delivery systems,
which store the feedstock at or near atmospheric pressure and then require one or
more pumps to draw feedstock 64 from reservoir 60 and deliver the feedstock to fuel
processor 12 under pressure. In contrast, system 17 is adapted to store feedstock 64
under pressure in a liquid-phase and then deliver the pressurized feedstock from the

30  reservoir to the fuel processor without requiring a conventional pump. This elevated
pressure may provide, as an illustrative example, a pressure differential that may be
used by a pressure-driven separation procéss to purify the mixed gas stream produced
by the fuel processor. As such, system 17 includes a pressurization assembly 70,

13
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typi cal |y disctosurebove 50 psig. Exanples of suitable pressure ranges
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76 of pressurized gas 78 and a pressure regulator 80 that directly or indirectly

20  regulates the pressure of (within) reservoir 60. In embodiments of system 17 in which
reservoir 60 contains a carbon-containing feedstock, gas 78 preferably is either an
inert gas 82, such as nitrogen gas, or nitrogen-enriched air 84. By “inert,” it is meant
that the gas does not chémically react with the feedstock upon delivery of the gas to
reservoir 60. Preferably, the inert gas is also selected to not be combustible or

25  explosive under the operating parameters of the pressurization assembly and
reservoir. By “nitrogen-enriched air,” it is meant that the gas has a lower
concentration of oxygen gas and/or a higher concentration of nitrogen gas than is
normally present in air. Accordingly, nitrogen-enriched air 84 may be comprised of
air to which nitrogen gas has been added and/or from which oxygen gas has been

30 removed. In view of the above, the nitrogen-enriched air may also be referred to as
reduced-oxygen air. In context of a pressurization -assembly that receives an air
stream and produces the stream of nitrogen-enriched air therefrom, the nitrogen-

enriched air stream may be described as having a higher concentration of nitrogen gas
14



10 100 psig to 300 psig. However, the desired pressure range for system 17
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Pressu or 80 may take a variety of fornms. Preferably, but not
necessarily, the preTaurtbrasked! vdloes meynbai the adiealppedise o PHEKHYBser voi r

60 so that 5 the pressure, does not. exceed,predet i I r | ower
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pressure Wytdj & bienhdr&a&it VR af RYN5%, 10%, 20%, etc. less than the upper threshold

or greater than the lower threshold. This selection of the threshold values essentially

20 provides a buffer in which the system may reestablish or stabilize the pressure within
the desired range.

Regulator 80 may include any suitable structure to accomplish the

above-described function, and may include more than one discrete component, a

series of interconnected, or intercommunicating, components, etc. Regulator 80 may

25  include mechanical components, electronic components, and/or combinations thereof.

When the regulator includes or is in communication with electronic components, it

may include hardware components and/or a combination of both hardware and

software components, such as a microprocessor that executes code or other software.

In some embodiments, the regulator will include a memory device in which threshold

30  values are stored. The memory device may also store performance data, operational

code executable instructions, stored, or other programming, and other electronically

implemented aspects of delivery system 17 and its control and/or feedback

mechanisms. The memory device may include both volatile and nonvolatile regions.
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any suit ablegmip@ftierf 60EGR@NHhE alpp@f and/or lower explosive limits for the particular
combination of feedstock 64 and the composition of air (i.e., unmodified, nitrogen-
20  enriched, reduced-oxygen, etc).
Although not required, pressurization assembly 70 may include a
sensor assembly 91 that includes one or more sensors 92 that are adapted to measure
the oxygen concentration (concentration of oxygen gas) within compartment 62
and/or in stream 74. An example of a feedstock delivery system 17 that contains a
25  sensor assembly 91 is shown in Fig. 6. In solid lines, sensor assembly 91 is shown
including a single sensor 92 within compartment 62. However, and as discussed, it is
within the scope of the disclosure that more than one sensor 92 may be used and/or
that the sensor assembly may include one or more sensors upstream from
compartment 62. Examples of these additional and/or alternative sensor positions are
30 indicated in dashed lines in Fig. 6. It is also within the scope of the disclosure that
sensor assembly 91 may include one or more redundant sensors 92. Using two or

more sensors provides an added level of safety or protection, such as if one of the
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el ectroni ¢ comuni cation, including wired or wirel ess conmuni cati on.
However, it 5 should be understood that regulator 80, or portions thereof,
may be powiddgnmediin a variety of |ocations within systemc7ysosneeyen fuel
cell system 10. This is graphically illustrated in dashed lines in Fig. 5.
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WO 03/ 0773391615@#8@@%}%%9&?% R é"r’ré%???“‘r??é ﬁrﬁ’ T%Sr‘i‘% S0 a?ireﬂrlg‘i‘nﬂg grélslélhnot
detect a CRAGEAY Jodtrh @ c At wRHYEBS BaHoh&Aé of the fuel cell or fuel processing system

to actuate the controlled shutdown of the system. This is schematically illustrated in

20  Fig. 6 with communication linkage 88°. Controller 93 may be adapted to compare the
measured values to a single threshold value, such as a threshold value that is equal to
or a selected increment below the flammable or explosive threshold of the feedstock
within the pressurized reservoir. Examples of selected increments include 2%, 5%,
10%, 20% and 30% less than the threshold. It is also within the scope of the

25  disclosure that more than one threshold value may be used. For example, a first
threshold value, such as described above may be used, as well as a second threshold
value that is lower than the first threshold value. A benefit of using a pair of threshold
values is that the second threshold value may be used to initiate, or actuate,
preventative steps to reduce the oxygen gas concentration in the reservoir. However,

30  should these preventative steps not be effective at stopping the increase in oxygen gas
concentration and the first threshold value is exceeded, then the controller may

actuate depressurization of the reservoir and/or shutdown of the fuel processing (or

fuel cell system).
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exceeds the flammabl e or expl osive threshold of the feedstock within
reservoir 60. Sensors 92 may include any suitable structure for neasuring
the conceto3arism of oxygen gas. The neasured, or detect aT/usaBroes2is
conpared to one or 5 nore threshold values to determne if the nmeasured

val ue exceeds the thy d %I?y Skio bf 289 LhGatBr 8ARUIE Whinhbfessure
reservoir(s) 60 is réﬁggpsglehd.sﬂ eq%eié{?éti gnoair? hae pressure within the

reservoir feghlhes Sohe if wahimahd sope of il disilasard thetsheirdsismbly 81 may be at
carbon-contai ning feedstock within the reservqir,. Typicall o] tection
of an oxyka¥ élbht‘?ra?‘feélnc‘frﬂﬁlﬁteg& d@?&ﬁ‘f‘ﬁé’v lﬁﬁ m%q%%urgrreé.)\(l %ﬁ%gs ﬁ/gg

threshol d, ¥ Rafi9hindsualedPr e A88H-06) lirky Sh Fip.W. | Asalissasdea
shut down. %@éﬁ%&ﬁé\s&;lﬁémﬁ%yabgln&nu;lly actuated, but preferably i

) . S
aut omats cabdlywathieypatssate reguditonts dygfesablyoimt artd¢asteiﬂdtrﬁ<§t00§7élﬁél§°at1@6HYléb‘lhesi gnal s
to the appropriate clorrponents of the systemto effect the shutdown. Sensor
assenbl y Q%GDﬁ%ryastS%tP gfore include a dedicated controller 93 that, at |east

partial 'y responsivegpholifgenfebe Ghée resSiiriziEian Uiseshbly atheie sndludena tseesor15
sensor(s) 92, comunicates via a suitable comunication |i nka\ﬂe 28 Wi th
pressure reganhty?] BOy,(boit arerndt segired tedyither ipelpdetn grhayet ey Padhgt  or

w th another pressure  relief l.ve t } Qs ure
fromthe r&s é‘ﬁ)@g‘?‘f .%0 &H9USE 137 Yn%(r)tn? T &%?eté’wis%goql%{?ﬁg%%&rﬁ%?ggf%gwﬁ ﬁﬁ%t her
conpongit srQbrvblresh upbn Grblation dndelepessadsasiongofs et eservon. abkemples tdfe

control |l ed shutdown of the system This is schematically illustrated in 20
Fig. 6 wit huittbhmgaseslclugn nitrogergas,sBbonclintide) fs?g? “068“'33@‘5‘& % o

compare the, HRESKIe. X! HEdide Al 8 LIPHh kbl YR isS4ihBmateally

t hreshol d ¥l at’ i's equ or “a selected increnent below the

f1 ammabl e @mseuRHas e 7t hhestivwg asfenttiy 94 de tiscankunigitidn with senteliss Mr i zed
reservoir. Exanples of  selected increments include, 2% " 1Q4 0% and
30% | ess t EP ¢HBOERCHigIKags p8 ?%g %ngie&ﬁtsﬁﬁ’ﬂiy’t%h?&%’p% 8t gats%é? }é)oﬂ

di scl ogure r&niha aae hEeshalnle 8 stsorayehnl1o® detcEidig Sxnatpl e, a
first §$hréés(%§1tté)@r\%a‘%ue, suc%&as dgs?gri bgd above may be used, as wel| as a
second t hr gahmhabilityakr weplokiat threshobdvbeas bevarexcersled; assemblyr Ystdvarsgas fo. A
benefit of .using a pair of threshold values is that the second threshold
val ue may BEOIREFSTE nitiate, or actuate, preventative steps to reduce
the oxygen gas conceny legfbo@indnls bheyst@s ervidiat inchideey sensoBBsssinblyl ehd/drese

preventative steps not be effective at stopping the i,ncEease#' n Oﬁy%en gas
concent r at ipossswrdreghlatdri thet is/hree SPIBPRECTIAFM 0L SOBRMSE JBHPICTRHETT ¢ 16

Comt 1 0bh et 6L AR FGRMLER, L0, ABRERSTYhicell Bimiit ovw
application specific integrated circuit, analog and/or digital circuit, etc., the
computerized portions of the sensor assembly and/or regulator may form a portion of
a controller for the feedstock delivery system, and/or other components of the fuel
processing or fuel cell system, such as fuel processor 12 and fuel cell stack 22. This

25  is illustrated schematically in Fig. 8, in which system 10 includes a controller 98 that
is in at least one-way communication with suitable sensors, switches, valves, actuators
and/or other measuring and/or control devices associated with reservoir 60, sensor
assembly 91, pressure regulator 80, pressurization assembly 70, and delivery regulator
72. Controller 98 typically will include a processor with a memory device, such as

30 any of the illustrative configurations described above. As shown in dashed lines in
Fig. 8, the controller may also communicate with, and thereby receive inputs relating

to the operating conditions of and/or send control signals to other components of

systems 17 and 10, such as delivery regulator 72, fuel processor 12 and/or fuel cell
18
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are required. Instead, stream 74 simply needs to be delivered to reservoir 60 from

20  tank 100. However, the tank must contain a sufficient quantity of the gas and must
periodically be replaced or recharged. Similarly, the tank will increase the size of
system 17.

Another illustrative embodiment of a source 76 for stream 74 is shown
in Fig. 10 and is adapted to produce nitrogen-enriched or reduced-oxygen air 84. As

25  shown, source 76 includes a compressor 110 that is adapted to produce a pressurized
stream 112 of air 114, and a tank 116 of nitrogen or other inert gas 82, which delivers
a stream 118 of nitrogen gas to a manifold, or mixing region, 120, in which the
streams are mixed to produce stream 74 of nitrogen-enriched air 84. Because a
significant portion of stream 74, namely the portion formed by stream 112, is obtained

30  from the environment surrounding assembly 70, it follows that this embodiment will
require a smaller tank and/or less frequent recharging or replacement of the tank
compared to the source illustrated in Fig. 9. It is within the scope of the disclosure
that the system of Fig. 10 may introduce gases other than nitrogen gas to the stream of
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120, in whi cﬁ{ t ] .
delivered under pressure to the compartment and into contact with membrane 126. At

20 least a portion of the oxygen in the air passes through membrane 126 to form an
oxygen-rich stream 128, with the portion of stream 112 that does not pass through the
membrane forming stream 74 of nitrogen-enriched air 84. Depending, for example,
upon the degree to which oxygen is removed from stream 112 and the acceptable
oxygen content in stream 74, it is within the scope of the disclosure that a secondary

25  air stream 112’ may be mixed with stream 74 prior to delivery to the reservoir. This
variation increases the oxygen content in stream 74, but it may enable a higher flow
rate of stream 74 than could otherwise be provided by the particular oxygen-removal
assembly and/or compressor being used in source 76.

In Fig. 13, an example of a feedstock delivery system 17 is shown that

30  includes more than one reservoir 60. In the illustrated embodiment, two reservoirs 60
are shown. It should be understood that system 17 may include more than two
reservoirs as well, such as three, four, five, or more reservoirs. An example of a fuel

processing assembly in which two or more reservoirs are desired is when the feed

20
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within the scope of fhe fSHHRS WeBschbPPbs the IREPBEIBINat the pressurized streams
of feedstocks 64’ and 64” that form feed stream 16 may be separately delivered to

20  fuel processor 12, such as shown in Fig. 14. In Figs. 13 and 14, various illustrative
positions for delivery regulator 72 have been shown to graphically illustrate that the
flow regulator may be located at any selected position between compartments 62 of
the reservoirs and fuel processor 12. Similarly, the delivery regulator, which is
discussed in more detail subsequently, may have a separate region, or assembly, that

25  is adapted to regulate the flow from each reservoir, or may regulate the streams after
mixing.

Another example of a feedstock delivery system 17 that contains more
than one reservoir 60 is shown in Fig. 15. Unlike the systems shown in Figs. 13 and
14, however, in Fig. 15, the system does not include a separate pressurization

30 assembly 70 for each reservoir. Instead, the reservoirs are linked by a conduit 138
through which the pressurized gas 78 may flow between the reservoirs to equalize the
pressure in the reservoirs. Preferably, conduit 138 is selected to have at most a

relatively small pressure drop. A benefit of this embodiment is that it does not require
21
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As also discussed, feedstock delivery system 17 includes a delivery
20 regulator 72 that controls the delivery of feed stream 16 to fuel processor 12.
Typically, the flow rate of feed stream 16 is one liter per minute or less, with common
feed rates for fuel processors in the form of steam reformers associated with 1-3 kW
fuel cell stacks being approximately 100 mL/minute, such as in the range of 20-100
mI /minute. However, it should be understood that the rate at which feed stream 16 is
25  delivered to fuel processor 12 will vary at least in part responsive to the type of fuel
processor and the size of the fuel processor. As such, the above flow rates should be
understood to provide illustrative examples of suitable feed rates, but it is within the
scope of the disclosure that system 17 may be configured to provide larger or smaller
feed rates.
30 Because the feedstock(s), and therefore feed stream 16, are supplied
| under pressure from one or more reservoirs 60, delivery regulator 72 does not require

a pump to draw feedstock from the reservoir(s) or to pressurize the feedstock to the

desired delivery pressure for fuel processor 12. As such, delivery regulator 72 may be
22



flow regul ator may be | ocated at any sel ected position between conpartnents
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ste: pressurized feedstock 64 and outputting feed stream 16. In Fig. 18, valve assembly
20 140 is shown including a solenoid valve 144. Valve 144 includes a solenoid, or coil,
portion 146 that is adapted to receive a control signal, such as via any suitable wired
or wireless communication linkage 148, and responsive to this control signal
controlling the position of a valve portion 150 that regulates the flow of feedstock, if
any, through the valve. Valve 144 selectively actuates the valve between its closed
25  and fully open positions, and optionally between one or more predetermined positions
within this range. An example of a control mechanism for valve 144 is through pulse
width modulation, although other mechanisms may be used. In Fig. 19, valve
assembly 140 is shown including a throttle valve 152 that includes a valve portion 154
and a servo motor, or other actuator, 156 that is adapted to control the position of the
30  valve portion responsive to a control signal, such as via linkage 148.
In embodiments of the delivery system that include more than 0n\e
reservoir, it is within the scope of the disclosure that regulator 72 may be (but is not
necessarily) integrated with mixing structure 132, such as schematically illustrated in
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As al so di scussed, feedstock delivery system 17 includes a delivery 20
regulator 72 that controls the delivery of feed stream 16 to fuel processor
12.  Typi oa d3y7783he fl ow rate of feed stream 16 is one | i trROT/P8®B/0682MmUt € OF
|l ess, with conmon feed rates for fuel processors in the formof steam
reforners I at: j - & : i -Oh y 100
nmL./ m nut e, ﬁ%% Z%E?an‘%lgggga gﬁlgcei%%ﬂlgﬁhf%gialt XF_I/R/ %1%%%{1@% goweﬁ{\% rr Qgﬂl %’{'@E oul d be
under st ood fiRgtortrbhtivatrete aif idw,adf the pebssurized feddstdcks 2Bhetepriordoedr dfterf uel
processor 12 will_vary at least in part responsive to the type of .fuel
processor anemghdt & Sighes withia tilﬁécf(’pﬁroégé@s‘g 95‘]75&t11§‘ﬁh’r?,re ﬁgtoggig\yénﬂg rates
shoul d be HoRRnbiRts REAESRatk thiBbRASA 46h SYABRERY Wead Wit BEIsckeed
rates, but si ?lrse Wi hlnn '?he s%g?)e of the di sc%%ure thate system 17 may be
confi gused such ps midrde nhigmgeor aso srrmodimerftemdwhigh 8 feadst®ks ateswt ntied
feedstock(s}), ?n&i it her e](‘)t?lre feed zltzr eam 16, are supplied wunder pressure
from one oPtiPbiRIGER; PHPPPTBEFSSHPi very regul ator 72 does not require a

punp to draw feedst okefef4HR,t MRt I BHCMéBdsEArEY, Othet BcdMRES WlécZ Eintlnges epdst ock
to the desired delivery pressure for fuel processor 12. As such, delivery

regul at or 7#2eakayisiyefor ppulating IhorIBIE rEepf Jousphibe Zacdsiogk dt fesd streamad 6q

pur apl ess l.ivery regul ator.. Simlarly, f t el Liveny stem may
be descri bgﬁllﬁﬁogée%@g%%ﬁa&) °'6 p(rjeecﬁe\l?é }ne?gg%fe%ﬁ%g% g%ﬁ%%eg(goélx%d(?oo ?r%%h’e nt
thereofy uRdEGiCPIRESIH ® floWMid s SHlVObFenbEbsition ive whiddl the rvabe sssmbly ihout
requiring a punp to do so. It is within the scope of the disclosure that

any of the coafigued jo pergiit tegnaximupday phEgddndy @PrqﬂlIPE%l%-r%g%atﬁ’é’ %itht may be
used with of utlzﬂf%nfrﬁ%d%%@oqg aflehdw 5% to %%%%E%d%?%bx@e@it@ﬁ thé Lssdd at ed
herei n, includi r‘?g any of” the pressure regulators an any of the

pr essur i zatdn@rfukp sparbpdsttionde For éxaaglg it @ifidel buystssapeeidrdieshei throttle valse
further wthin the scope of di scl.osyre that hew%ressuri zation

th
assenbl i es BHD é@%p,tl‘y@}yrgontrggg%g?twgan re57d 7 e F¥ RS SPRPEH Gany
ot her 51;3' t afl feSdd Yf ScfuQfior FSRE '\?éﬁ}eYS coldrslRki VSbleRGiat Pavdseadabagk to

the fuel processor. Regulator 72 1ncludes a valve assenbly 140 t hat

i ncl udes attypiealst aonenlyabubgurd® ior closade and ity bdpsn npesitionss and op some

selectively st i angd.perm.ttin l.ow of . feedstock(s) 64.throu t he
one or nor een?stiq%i?‘gelﬁgl et @Sﬂ?}ﬁﬁlge({ J TGRSy 3’8 8550r l{h%ﬁg p@?@%’l eg‘xlsof
sui tabl e valMasddsy HiebeRadRbiMiBPekdledrasalaties masbawblides bl the valve

el ectronically (or otherw se automati cal l y% actuated val ves, such as
sol enoi d vadssamsbly, such as by the valve or valves ‘that define the closed and fully open

S ¢

20  positions or by other valves within the assembly. As another example, the delivery
regulator may additionally or alternatively include one or more orifices that are sized
to define a particular rate of flow therethrough, thereby establishing an upper
threshold, or bound, on the relative rate of flow of feed stream 16.

As discussed, it is within the scope of the disclosure that delivery

25  regulator 72 may be manually actuated, such as by one or more user-actuated levers,
dials, and the like. However, at least portions of regulator 72 are preferably
automated, and therefore do not require an operator to be available to manually
control the delivery regulator. In an automated embodiment, an example of which is
shown in Fig. 21, the regulator includes, or communicates with, a controller 160 that

30 is adapted to send control signals to the valve assembly and/or other flow-regulating
structure of the delivery regulator responsive at least in part to one or more of user
inputs, measured operating parameters of the delivery system and/or the fuel

processing or fuel cell system, and/or predetermined operating parameters and
24



throttle valves in conmunication with a servo notor, etc. An exanple of a
delivery regulator 72 with a valve assenbly 140 is schematically
illustrateww7A3y. 17. For the purpose of sinplifying treTiwa06s24
regulator 72 is shown receivi ng a stream 130 of pressurized feedstock 64
and out puttr feed s ream I n F hown
i ncl udi ng én té%r TG Y1 fftor%ﬂrbemfglz?w é\}%ﬁ%&%&%@}%ﬁﬁ%&%&gbﬁe
portion 14¢ud h;@htrbl?eradalﬁht eehbbolini@geiofetz doliNerpl systepnathat silsoh imdude a any
suitable wired or wreless communication |inkage 148, and res ve to
t hi s cont r pressurigatipn a%S@ﬁfoblelﬂlrﬁgcqnﬁ@llﬁo@dfqrc?nseéforaﬁsw}rk H‘rcg‘ﬁmj ® that
regul ates the flow t 44
cel'ecti vel yraectifult fESTE OF e rhLsied lpESEIpFatBy oy RpKE

posi tioBs, jxegrarAttbgldr] ﬁlmﬁmre,ernecmenme offtiteecomtrot] etsenay hsedltq:gnstedl woths

within this range. An exanple of a control mechani.smfor valve_ 144 is

t hr ough pulc§é'ﬂf01 gthat ?f’i‘?dftﬁaafqdciﬁ coarr%feag’ﬁera{lﬂ%r’? éﬂ@?%erﬁ%?f%’@ feled. 1n
Fig. 19, v Qiels shown including a throttle valve 152 that
i ncl udes a l?%ortr 0%611]1%4e and a servo notor, or other actuator, 156

that is adapt ed to control the rioémsltmaimmhcamm 30 val ve portion responsr ve
to a control signal, .such. as n 148. enbadi

del i very systemt hat ﬁ‘r‘? E]lﬁ@s tﬂ‘ﬁ‘ﬁq@%ﬂyr%‘@ r'n?/df rapp aﬁjrtl% t(\?\ntp% % he
scope qf tqﬁoc@bﬁn%m%lééjlﬁhdﬁﬁg&l ator 72 may be (but is not necessarily)

integrated ' wth Xxing structure 132, such as schematically |IIustrated in
23 WD 03/ 077331 PCT/ useafememthaﬁhg dlsz@suﬁ st farth shoys cgeaippassen myltiple
illustrates,.that. val ve as I ve
rate of fl 69\?““8% iy FRHS &ﬁhﬁgi%e&a slﬂgr %ﬁquPg}es%rn@%t}&%rhragké’éf

m xing. It digldsed imefs wefdhied fohe, ﬂfzos@)emﬁf: dnitdithenth dlsereaf ashdisclbied arelgul at or
may include separate conponents that regulate the flow of each pr.essurized

stream of filedeteschereis asqaef t&sbemqné]rdelteé IR IRIENE SENSE) AU YAIHEM s i n
e B ' ERSSREE L Sl nffhtP O (i RibR MEleaYnbr bighoREBAERSOr 12

Prefer neces e regu ator also I ncludes a mechanism
for regul atdoifpiddiens eddsubeembaations offthe vartfus teteendnés detares, fimctfope dndfor eam

16. This flow regul ation may n det erm ned i.ncyenent gtween, a
cl osed posiRrpRsatiesidisgl We@ﬁﬁﬁptﬁﬁlﬁﬂﬂs f&er’rf‘o AISTRCILE 7419 a(s%% elSBERt i on,

I n which ”Iﬁ Mé‘% By ASH qﬂ@ﬂeb{f isfich £9MAd EHSLRIDE BndReeiBdd 1d ﬁ@maewwﬁeradl@w of
f eedst ock t eret roug Al'térnatively, the flowregulation may enable the
flow rate taf dre eetect suchaslpwivatse nvithehiraquitieg oo saediuding two or more such

20 elements.

It is believed that the following claims particularly point out certain
combinations and subcombinations that are directed to one of the disclosed inventions
and are novel and non-obvious. Inventions embodied in other combinations and
subcombinations of features, functions, elements and/or properties may be claimed

25  through amendment of the present claims or presentation of new claims in this or a
related application. Such amended or new claims, whether they are directed to a
different invention or directed to the same invention, whether different, broader,
narrower or equal in scope to the original claims, are also regarded as included within

- the subject matter of the inventions of the present disclosure.

30
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and fully open positions. For exanple, the orifice, or passage, through a
throttle valve may be selectively controlled between the closed and fully
open posi wioorsa7rBsponsi ve 15 to the degree of actuati on ofpdimesosabsze’ s
controller. Solenoid valves, however, typically are only configured in

cl osed and lﬁ;‘éﬁgﬁg positions, and in sone enbodinents, within
predetermn nts between these positions. As illustrated by the
above discussion, the flow regul ation nay be provided by the val ve

assenbly, such as by the val v? or valves that def.ine the closed and fully
open 20 positions or by othétel PECGENEFYEITIN CPRRIS el y. As anot her

exanpl e, the delivery, sf.eapalor aH%%e@%ch%ﬁ@adl fe\éd%ﬁe_ﬁtht&fn%ﬁihg%lt Yedsicl ude
e to de I rate o

one or nore orifices that "are siz Ine a particular f flow
t her et hr ougine fedistoebyné &i ploldiieha mixesingasiream coltrimsigihdirogan greuhetefrem; t he
relative rate of flow of feed stream 16. As discussed, it is within the
scope of tH&9isclosure that delivery 25 regulator 72 may be nmanually

actuated, such as by OREIQETBEIR cHE Bfstdds ai&Otd 83BMES the fedlskeardnd thdre
| i ke. However, at |east portions of Tregulator 72 are preferably autonated,

and t her ef dinel plocasstr, the deddstecladeldysey sitstam equpyésiegiai | abl e to manual |y
control the delivery regul ator,.. I.Ln_an automted I e of
o pE By M B GSURREBE e AR B BN,

which is shown in Fig. 22 es with,

control | er @er fresdure3d a 15quad giRise d voRmsesith eein- edntdiniggdbaistooks he val ve
assenbly and/or other flowregulating structure of the delivery regul ator

responsi ve at |east in paraDpressugipetiosraspesplly gfaniadkio prpssytize thedaseiipieg

operat | ng pasalel ol & Ol hPeASHOASTX \VSLEM AN OF L BRehiel npr 0Coss! ng o

fuel cell s or - pr ermne Ing paranmeter$ and 24 WO
03/ 077331 PCT/ US03/ 06824 4 dskveigtreguistor Sidaftediso nayulbe tisoddirein ofi thenory
devi ce associated with a processor of the controller. In enbodi nents of
the del i verfgedsjaskdram Higrosaredir fohe (A PEPCESPRssuri zati on assenbly with a
controller and/or a sensor assenbly with a controller, these controllers
may be, but are not required to be, at |east partially, or conpletely, 5
i ntegrated together. 5i i |'Hid foel proecssingrsystemaff cldim Lovharein|tks preanyiz

integrated with control I%i)s th%ty are ad&gﬁe to control the operation of
ot her conpcHERTEAB{S 3t fhzast spbptaniigly conurisy Qe 8811 system Industrial
Applicability The disclosed feedstock delivery systemis applicable to the
fuel

3. The fuel processing system of claim 1, wherein the pressurized

gas stream is at least substantially comprised of an inert gas.

4. The fuel processing system of claim 1, wherein the pressurized

gas stream is a nitrogen-enriched air stream.

5. The fuel processing system of claim 1, wherein the
pressurization assembly is adapted to deliver into the compartment a pressurized gas
stream having insufficient oxygen for the feedstock in the compartment to be

flammable or explosive when stored under pressure in the compartment.

6. The fuel processing system of claim 1, wherein the reservoir is
further adapted to receive and store in the compartment water along with the carbon-

containing feedstock.

26



10 processing and fuel cell industries. It is believed that the disclosure
set forth above enconpasses nultiple distinct inventions wth independent
utility. \Waod@7eaech of these inventions has been discl osadT/vs0B3N6324
preferred form the specific enbodi nents thereof as disclosed and
illustrated herein are not.to ' ed did, @ gl Riaihng S §RfeiRS tRUMer ous
variations 15 are possi bl gh%Trﬁas&%?eggﬁ%a?{’%@nof&t hea I'nvént | ons‘} i ncl udes

al'l novel ?Msﬂ%ﬁ@@k{és@m&ly iacintiesesdupdtsofahepestnrizedpassitebmns of the vari ous
el ements, features, functions and/or properties disclosed herein.
Simlarly, where the clains recite "a" or "a first" elenent or the

equi val ent thereof, such ghaidmg 9&%{}1 Qﬁ/sﬂé&dgf ShRRd, Whetdhe idsource of
h e e%e ts

i ncorporation of one or nore suc , neither requiring nor
excl udi ng i pegssuriveé gancltrea@Oisehdaptadt ©. rdegivie sanpeiri séigert ehto tpediceld owi ng

clainms particularly point out certain anbj nat.i ons .and. subcanbi,nat . ons

that are dinité‘&&eétfnf@? I §feanh eﬁ?@@?ﬁé’éﬁ%ﬁe@qrgﬁgﬁe gﬁg)ggﬁ-gnﬁ%l\l/egl alrgnd

non- obvi Ou§tre;%lﬂ\f@1%sia@fb%smbﬁgffh@ sB@fizcaAbiwRaki.ons and subconbi nati ons
u

of features, nctions, elenments and/ or properties may be cl aimed 25
t hrough anmendnent of the present clains or presentation of new clains in

e e b T

are directed to a differ I'réc € sa I nventi on,

whet her di fhekedin iszﬁ%@&ély forh@ddr MR theditregiadnriched aiopRedm. t he ori gi nal
clainms, are also regarded as included within the subject matter of the

i nventions of the present disclosure. 30 25 WD 03/077331 PCT/US03/ 06824 WE
CLAIM 1. A fuel processi Sy st : I S1 NG fueln PLRtRSSRsufdapt ed to
rc‘rl1% MY eSH3 gﬁ'g%esglglggglétérhw c}ag'rél dgsft i }?‘g s

receive a feed stream ctontalinin one ock and produce a
m xed gas sk e@eAnE GGthpiists agleasds myton ghthe nitergehoarithedaainstecafreaubat dedst
delivery system adapted to deliver the feed stream to.Si.he fuel Sl%ocessor,

the feedst darortien pharseosd ane siresmselpelpt Forhihe Lo enRisHBg &f 48 Hstng a
conpart nentnif?gl mtg%g’ 3%(%8 s?%c '.ifﬂﬁgﬁﬁg Eﬁsea?ﬁ%‘?nérﬂgﬁs.l i quid phase a vol ume of

a carbon-con
11. The fuel processing system of claim 8, wherein the source of
the pressurized gas stream includes an oxygen-removal assembly that is adapted to
reduce the concentration of oxygen gas in the air stream received by the source of the

pressurized gas stream.

12.  The fuel processing system of claim 11, wherein the oxygen-
removal assembly is adapted to reduce the concentration of oxygen gas in the air

stream by chemically reacting at least a portion of the oxygen gas.
13.  The fuel processing system of claim 11, wherein the oxygen-

removal assembly is adapted to reduce the concentration of oxygen gas in the air

stream by absorbing at least a portion of the oxygen gas.
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a pressurization assenbly adapted to pressurize the reservoir by

delivering a pressurized gas streamto the conpartnent of the reservoir;
and a del woensyw7rBgul at or adapted to regul ate the delivery rafT/tdes/o6f2¢edst ock
fromthe reservoir to the fuel processor. 2. The fuel processing system of
claim1l, wherein the_ pressuyrized as. st ' T qg%i ly
conpri sed of nitrogeﬁRgasiﬂgiﬁﬁﬂgogﬁépgﬁ&%%%%%?ﬂg&%&gﬁgksﬁppg%al g%?

wher ei n t hge RGBS sy is 8aHtad feadiubs tied chrrastatinbsf axygeal $ag incthprised of
an inert gas. 4. The fuel processing systemof claim1, wherein th

pressuri zedireagadysepaating Fom etalogsaient PEYESETIhy SIEPMCRRtAIBING 11, RISAGHe|
processi ng system.of cl ai i pressurization assenbly is
adapt ed toca%qepggt?or} onffog%%leé%sgﬂn%gﬁ%ﬁgns{tﬁagmbressuri zed gas stream having
insufficient oxygen for the feedstock in the conmpartnent to be flanmable

or expl osive when stored under pressure in the. co tnent. 6. The fuel
processi ng system of 1él ai r“ﬁhgfu%pg@ﬁmghsgst,e@s%@&gﬁﬁs\%ﬁ?m rOX@SPbted to

receive an €, .l . r t . et Mhefibearfed R@Nfurther
cont ai ni ngg?rgé‘géltag'%ﬁ?ﬁlggl%ﬂg%ﬂ{og%gfwgc(%yé%%gﬁgcgig&ﬁ 7. The fuel

processi ng vayesdie theodxygbmiamdval wisemblynis mHaptedioedadives the pirshream deigisioptabinc| udes
a source of .the pressurized gas stream 8. . The fuel  processing. t of
claim7, wigkeihf @hieaéfoa% OXgpe-§ %P%BP é‘E@HP’ia?%dwg sthg tl}lgrg er}-eérg‘g; é%tag%n to
recel ve anggbl %Efn?%r@é?ﬂfrérﬁ_ AP REHE BF fhe ot streHE TRt RIBES Adteshs@ibiophraam

t herefrom andnfur her wherein the nitrogen-enriched air streamforns at

| east a por¢asbonodxyghesgedsumemlrangas stream 9. The fuel processing
systemof claim@8, wherein the pressurized gas streamis conpletely fornmed
fromthe nitrogen-enriched air stream 10. The fuel processing system of
claim 8, wherein the 1pressuei zael @asessingeamteanpifi ssmatl,| edstein oy ti on

of the nitrogen-enriched air streamand at |east a po{l.ti n of a,second gas

stream sel ecessurizatiomasseanbly supdaptrdso Spaiptpbhegesspre WHRELP ST oyeh gas,
a conbustion-inhi bitin ..and an inert gas. 11. The fuel processing
syst em of @F%Sls?ﬁeé), o egsgglggﬁltgﬁe source of '

17. The fuel processing system of claim 16, wherein the
pressurization assembly is adapted to maintain the pressure within the reservoir at a

pressure of at least 50 psig.

18. The fuel processing system of claim 16, wherein the
pressurization assembly is adapted to maintain the pressure within the reservoir at a

pressure in the range of 100-300 psig.

19. The fuel processing system of claim 1, wherein the
pressurization assembly includes a pressure regulator that is adapted to regulate the

pressure in the compartment.

20.  The fuel processing system of claim 1, wherein the feedstock
delivery system further includes at least one oxygen sensor adapted to measure the
concentration of oxygen gas in at least one of the pressurized gas stream and the

compartment of the reservoir.
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the pressurized gas streamincludes an oxygen-renoval assenbly that is
adapted to reduce the concentration of oxygen gas in the air stream
recei ved v @hersource of the pressurized gas stream 12 PClinesoBuen24
p(rjoceszl ng syztem of claim 11, wherein the oxygen- renmpval assenbly is
adapted to reduce the.concentsation of ox i P b
chem cal 'y reacting §tl' I g;@[e %e Pf?sglﬁggﬁtglﬁe%f%%réleinb’té%}gréiié}.m %Eﬁgs‘%?%ﬁel Y
processi ng @ie&roByabmak ati#ptdd o wieceihd préeurexXy geneonenonait upss datettyor s
adapted to reduce the concentration of oxygen gas in the air strdeahm by
glg_?r bi ng @f 4 caseerdraion (afopKYEER &6 Bk Phdersh e of7thaoreapyimydand the
US03/ 06824 .14, | QCEeS S| km 11, wherein the
oxygen ren@&%srsu%zsle;aé%%e%%%g}%t e?g?%éi‘%g@%%fe tsgélcd:gh%eht ration of oxygen
g?s inthe air streamby separating fromthe air stream an oxygen-rich
stream cont ai ni ng a hi gher_ cqgncentrat.ion of oxygen g than.the ajr
stream 15. The fuel 23 oc ek %&?sﬁfg'feéﬁ%fsyéﬁeﬁ} 1@?“4/\/2@@7 r?ﬂﬁ%x@‘ﬁ%n-
removal  asseghiynk MOLUACH Aaplcaas! AfwAKMRCHRP Bldesoy GpBR Qe oITkd
further ereln the oxygen-tenoval assenbly is adapted to deliver the air
SL ream i nt @oncsitatbn ofiokigdnhgasan &t dest ownef theyapemwagelcat end, herprativained wi t h
the nitrogen-enriched air. streambeing. forned froma portion of the air
st r eam t hat828 8&eam at B’%gdst%ﬁa%ﬂgﬁn‘?(ﬁ%mgbdalvé t one oxygen-sel ective
menbrane. 16. The fuel processing systemof claim1, wherein the
pressurization assenbly is adapted to maintain the pressure within the
reservoir at a pressike ofheafuel prasessipg syster. oficlainy wheseinghe Eedsipy
system of c|aim 16, wherei.n the r.es i i PRYAN! o]
mai i n ¢ ERPRCS et i B e PuRRif A R AERATE el BB SBRIER] ©

psig. 18. The sfrbsh iitb @ee®oipadnieystein ddiectibaiof tncenhiatical of dxiygen gas in at
pressuri zation assenbly is adapted to maintain the pressure wthin the

reservoir deash onsy &6 stlie ecqupparieent e ther PIGSOULGEO B3 §lreapy thi, expepdp 2
processi ng @#&ﬁ?ﬁ%ﬁheﬁ#ﬁ?%ﬁe. wherein the pressurization assenbly includes
a

a pressure regulator I's adapted to regul ate the

24.  The fuel processing system of claim 23, wherein the exhaust
gas stream is at least substantially comprised of at least one of an inert gas and a

combustion-inhibiting gas.

25.  The fuel processing system of claim 20, wherein the feedstock
delivery system includes at least one oxygen sensor adapted to measure the

concentration of oxygen gas in the compartment of the reservoir.

26.  The fuel processing system of claim 1, wherein the feedstock
delivery system includes a pressure sensor adapted to measure the pressure within the
compartment of the reservoir, and further wherein upon detection that the pressure
within the compartment is below a determined threshold value, the pressurization

assembly is adapted to increase the pressure within the compartment.

27.  The fuel processing system of claim 1, wherein the delivery
regulator is a pumpless delivery regulator that is adapted to deliver the feedstock from

the reservoir to the fuel processor without utilizing a pump.
29



pressure in the conpartnent. 20. The fuel processing systemof claima1,

wherein the feedstock delivery systemfurther includes at |east one oxygen
sensor ade@t®d7tBineasure the concentration of oxygen gaedmusas/ioseast one
of the pressurized gas streamand the conpartnent of the reservoir. 28 WO

03/ 077331 PCT/ US03/ 0654 g1, ﬁlgpgmfcgsgingpgﬁ%g% Bk B! Sl hAUVRRY

wherei n the feedstockK del ivVery systemi°s 0 ‘réduce the pres

t he conpar tiggiator RRMAEE h &6kve @Bsenly that ssledivelyadonablsahe frywgeTthe fedstoclat
| east one of the compartnent and the pressurized gas streamthat exceeds a

det er m ned frin dyHispaveinfatBe fyed propREof.uel processi ng system of clai m 20,
wherein the fuel processing systemis adapted to shutdown the fuel
processor upon detection of a concentration of oxygen gas in at |east one
of the conpartnent arkd.theThpr b yromssing gastesit o almin 28, wheremdtheavalve

determ ned threshold val ue. 23. The fuel essin stemof claim 20,
wher ei n t hessesablyinslydes BE]IG?S&;QP?pE@%Wé‘ﬁﬁFﬁL@”%QE C&ﬂg@fgﬁéﬁ&mg}s‘?@f%l y that is
adapted to introduce an exhaust gas streaminto the conpartnent upon

detection of a concentration of oxygen gas in at |east one of the
conpartment and the piless(ifliczwl quscessing systemac! ekoedfs wherdat henyaed

threshol d value.. 24. The fuel processing syste ai.m 2 wherein the
exhaust ge?§se§1?et?l¥§r‘ﬁt}fe§ nglu eéﬁfslteasgﬁﬂgf%‘?frﬁ%{?rfo%%?qctbﬁoém%yﬁg? | east one of
an inert gas and a conbustion-inhibiting gas. 25. The fuel processing

system of claim 20, wherein the feedstock delivery systemincludes at
| east one oxygen sensdr adbist B¢l pcpssineunstenhel cledhde vtheadin dhe fedgggen gas

in the conpar.tnent of -t es i he fuel processing system of
claimi1, wh eﬁlg?rﬁ’ styﬁtgmflgéelﬁg{soac@ﬁ%glg{?fvlésfeyl/‘vésll-%st emincludes a pressure sensor
adapted to nmeasure the pressure within the conpartnent of the reservoir,

and further wherein upon detection that the pressur

i thi
conpartment is bel ow -qetﬂ?erﬁuﬁbﬂr%?ﬁs%kﬁdﬁt&n\/%ﬁ Cd%l_}n ghé"%@lé‘gh‘% ?éjeéft%lﬁ
assenbly i sy ad isﬁgte}nomlflﬂﬁéseefgfs éoﬁﬁui?ﬁﬁaﬁ @hﬂltﬂggeﬂgg zE® IR AR hay 27.

The fuel proces systemof “clairm reirnt el1very
flow between the plurality of reservoirs.

33.  The fuel processing system of claim 32, wherein the gas

conduit is adapted to equalize the pressure within the plurality of reservoirs.

34.  The fuel processing system of claim 31, wherein the plurality
of reservoirs are adapted to receive different feedstocks and further wherein the
feedstock delivery system includes a mixing structure adapted to receive flows of the
feedstocks from the plurality of reservoirs and to produce a feed stream for the fuel

processor therefrom.

f

35. The fuel processing system of claim 1, wherein the fuel

processor is adapted to produce the mixed gas stream by steam reforming,

36. The fuel processing system of claim 1, wherein the fuel
processor is adapted to produce the mixed gas stream by a selected one of partial

oxidation, pyrolysis and autothermal reforming.
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regul ator is a punpless delivery regulator that is adapted to deliver the
feedstock from the reservoir to the fuel processor without utilizing a
punp. 29 WO @3r®37331 PCT/ US03/ 06824 28. The fuel processamuegmesem of
claim 27, wherein the delivery regulator includes a valve assenbly that
sel ectively control s,the : f tihe i rsy50 t he
fuel processor. 29. % e fué?w%@% %@%?%§§§§§§gﬁf%f&%@%ﬂﬁm3%§§§%§?%ﬁﬁgthe
val ve assgrfebisol irhiddes sefardtRastgionadmibd® mbetd theovixed gaostraonamndiol ed

sol enoid val ve. 30. The fuel processjng systemof claim?2 rein the
val ve asserasiuge piiydioapn-rink piesas thereliosh 8tving 8 ety 80%‘6%?&%%%%%%‘
throttle v% Vli%an‘rt)ﬁlemm&[ggsuﬁ}e rocessing systemof claiml1, wherein the

f eedst ock el'ivery 1sys emincludes a plurality of reservoirs. 32. The fuel
processi ng system of claim 31, wherein the feedstock delivery system

i ncl udes a gas conduit through which.the pressuriz s st fl ow
bet ween the pluralityof &&g\l‘?}é’f“?‘%ﬁ.ssnﬁ%.sys%{% 0?g]l@}mg?b‘g@%rf}nn%lgggéa?%nqnof
clai m 32, Yl%‘?&?ihﬁuﬁ&% H%ust %ﬁ@%yhfogkﬁsae@tﬁxeeﬁheﬁ@r&a Ui fethbhe/hpreds sy e

within the urality of reservoirs.” 34. The fuel processing systemof claim
31, wher ei hydifgepirich atreany is fofmeé Sony tierporidereotiaprized gas ptecar] 8t BIsFeer ent
feedst ocks and fyrther. wherein the feedstock delivery systemincludes a

m Xi ng strﬁlérpﬁgtéﬂ’gd’&%?@anefo receive flows of the feedstocks fromthe
plurality of reservoirs and to produce a feed streamfor the fuel

processor therefrom 35. The fuel praocessing systemof claim1l, wherein the
fuel processor is ad&pt eéfhpcfu@rm@l“tﬁé@ngﬁ@t?ﬁlﬁéﬂlagégﬁsi"?‘é@m%S@?%%t?ﬁn

reform ng. 36. The fuel S X fedth 32 Whes b ahfiphise!
processor if%glalabsp%déateﬁé" E{"gﬁﬁ%@%@ge é?lr)l(gigh ga% straeaI#eSbsy a se?eac%%% one of
partial oxreakd.on, pyrolysis and autothermal reform ng. 30 WD 03/077331
PCT/ US03/ 06824 37. The fuel processing systemof claim1l, wherein the fuel

processor includes a separation region adapted to receive the m xed gas
streamand to 40.  The fuel processing system of claim 1, in combination with a

fuel cell stack adapted to receive at least a portion of the mixed gas stream and to

produce an electric current therefrom.
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produce a hydrogen-rich streamtherefrom having a greater concentration of
hydrogen gas than the m xed gas stream 38. The fuel processing system of
cl ai m 37, wghssrog7a31t he separation region includes at | eastPCmeso3/06824

hydr ogen-sel ecti ve nenbrane and further wherein the hydrogen-rich stream
is formed fromthe porgi on j ?Hﬁh .hat passes through the
menbrane. 39. The fuel41pro£§l§?§§c§;§%§%ag%’§%% m 3‘% wherein the
separation region is aadebpredessor plaptricte teceivhadfeed strearh clontiningmt ast a
pressure swi ng_.adsorpt i rocess. 40. The fuel .processing system of claim
e Conbi AT Faf QPP ARG prRREERpeed b o e T0RH 2 Bl
portion of the m xed gas streamand to produce an electric current
therefrom 31 WO 03/077331 PCT/US03/ 06824 41. A fuel processing system
conprising: a fuel prdcisdieckarrapved hayinge s ejompagnfeat ddanted mstosnuaided ng at
| east one . r ] . st rgam. cont ai ni ng hydr ogen
gas therefr%ﬁ%%gﬁéglgggaﬁégg}% oc Oq#lglggiia/g%l)rég 'ac\g/@léﬁ %’S@f)%c ment adapted to
store under pressure ndand for GreisshrPhas thearsseivuirewith 2 peRsized Rt dickinng
feedst ock; neans, for, pressurizing the reservoir with a pressurized gas
stream conf@MANE HIPESERLICERE #iEhed air; means for delivering the

f eedst O.Ck fromthe reﬁfé’a}@'f{)r Hgl&j]é}ﬁlgf He! Eeeﬁ%&?‘cﬁ% 'theéla'esemqr ftéjecile fuel
processi ng system of claimA4l, erein the means tor pressurizing 1s
adapted to pexessoe an air stream and to produce a stream of nitrogen-
enriched air therefrom 43. The fuel processing systemof claim42, wherein
the means for pressurizing includes at | east one oxygen-sel ective
menbrane. 44. The [ ueliapr 088 sd) Prodestifi Qe bR bt b1, WEKA MethigngRans for
pressurizing is adapted to deliver into tthe conpartnent a pressurized gas
stream havbpregsurizang isi alapind toxergin ahair stheanf astitt mroftudern steanc ofipitogerent t o

be Tlammabl ¢ 0% ed air therefrom.

43.  The fuel processing system of claim 42, wherein the means for

pressurizing includes at least one oxygen-selective membrane.

44.  The fuel processing system of claim 41, wherein the means for
pressurizing is adapted to deliver into the compartment a pressurized gas stream
having insufficient oxygen for the feedstock in the compartment to be flammable or

explosive when stored under pressure in the compartment.
45.  The fuel processing system of claim 41, wherein the means for
delivering is a pumpless means for delivering that is adapted to deliver the feedstock

from the reservoir to the fuel processor without utilizing a pump.

46.  The fuel processing system of claim 41, wherein the fuel

processor is adapted to produce the mixed gas stream by steam reforming.
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expl osi ve when stored under pressure in the conpartnent. 45. The fuel
processi ng systemof claim4l, wherein the neans for delivering is a
punpl ess weaa7fB1 delivering that is adapted to deliver tH@E/f®edet2ock
fromthe reservoir to the fuel processor without utilizing a punp. 46. The
fuel processing systenyof ahaifief brodthghSishstbhe of Ylim RIOGRSRH the fadapt ed
to produce the nixed gas stream by steam reform ng. 32 WO 03/ 077331
PCT/ US03/ 068®essd7 is Thaptddutsl prodoese s mixedygas entmea oyt aisleated amseqfepartizlhe
fuel processor ﬁs adacﬁt ed Qtﬁjlo rtgducg the .m xed gas stream by a sel ected one
of partial COMPHILIPSFOLYSHS? %”g? A T4 S Rer mal reforming. 48. The fuel
processi ng systemof claim4l, wherein the fuel processor includes a
separation regi on adapted to receive the m xed gas streamand to produce a
hydr ogen-ri ch stream 8er eflheniughwrofgssang sgsiedy of sldantt.atbereinfthefdelogen
gas than th i . r . . | .Ng: i m 48,
wher ei n t ne PRBSARE pRfReS hsB e epitH BdhARY (KRS R S BRE Ay BT,
menbr ane an@rdducé Bekdiiget-eich strduen theydropg Raving algratereamdnsrafiar oflaydrogem t he
portion of the_ m xed gas streamthat passes through the nmenbrane. 50. The
fuel proces8&tniyas hamhed BaTE M 48, wherein the separation region is
adapted to produce the hydrogen-rich streamvia a pressure swi ng adsorption
process. 33 WD 03/077331 PCT/ US03/06824 51.. A fuel processing system
conprising: a fuel prd@essdihe digdpredsdiog systen vé claim d8dwheremaie sepataioni ng at
| east one feedstock and.to produce a m xed gas stream,c ai ni ng. hydr ogen
Gas. t her of r BREOT JAGUISAG diaRt PREEY DR FHot s 2 BB ATt R i
l'i qui d- phasgygREBRRK ARERL TN R8mEE YT B okForS6OME thikedl8is Qfe%ﬁﬁﬁh’éﬁ‘%asmer ein
the conpartnent™ further includes a volunme of gas that "includes at |east
one of the through e npdmhrawgen- enriched air, an inert gas, and a
conbustion-inhibiting gas; and a punpless delivery regul ator adapted to
regul ate the delivery

50.  The fuel processing system of claim 48, wherein the separation

region is adapted to produce the hydrogen-rich stream via a pressure swing adsorption

process.

33



of the feedstock fromthe reservoir to the fuel processor. 52. The fuel
processi ng systemof claim51l, wherein the volunme of gas contains

i nsuf fici watosmgyzen for the feedstock in the conpartnent tRCTHESO3Hé2IMAEDI €
or explosive in the conpartnment. 53. The fuel processing systemof claim

51, wherein the conpayt ﬁeg\tfugwrbg@ging@?gt%n&rﬁ@{ﬁ{g: 54. The fuel
processing system of claim53, wherein the fuel processor is adapted to

produce the nixed gasashelepmredsyorsadsptedriofioeaivng. fe&b strepme coulaining eickssi ng
system of cl ai wher.ein 1 he reservoi IS a first reservolr erein
the syst em POt ERGoRb i ebulos® 8 BESRLER slrpup SoRutehubiec g et
conpartnent in which @ feéditicl-Bétaedr heads toednp s e dvivaid arliqii@paasee,
wherein the conpartnent of the second reservoir further includes a volunme
of gas that carperecrorfeming feedalock gpestered t Wuley riyagsures nEheseinn theo pompartment

The T el pr SEe oyatdes ERIAP of o ot RSgcl o PASRY (o AU A4 BRaBE. D0

reservoirs aiiricheti@! S0MBAGHS Andy campasionoinbibiting gusoabgh whi ch the vol ume  of
gas may flow. 57. The fuel processi ng system of c¢laim55, wherein_the
li qui d- phase feedstock i naHEPdse rbverEdeswairy adapted Wewewaicethe dglivery

of the feedstock from the reservoir to the fuel processor.

52.  The fuel processing system of claim 51, wherein the volume of
gas contains insufficient oxygen for the feedstock in the compartment to be

flammable or explosive in the compartment.

53. The fuel processing system of claim 51, wherein the

compartment further contains water.

54.  The fuel processing system of claim 53, wherein the fuel

processor is adapted to produce the mixed gas stream by steam reforming.

55.  The fuel processing system of claim 51, wherein the reservoir
is a first reservoir, wherein the system further comprises a second feedstock reservoir
having a compartment in which a liquid-phase feedstock is stored under pressure,
wherein the compartment of the second reservoir further includes a volume of gas that
includes at least one of the group consisting of nitrogen-enriched air, an inert gas, and

a combustion-inhibiting gas.

56.  The fuel processing system of claim 55, wherein the first and
the second reservoirs are interconnected by a gas conduit through which the volume

of gas may flow.

57.  The fuel processing system of claim 55, wherein the liquid-

phase feedstock in the second reservoir includes water.
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