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application is a continuation-in-part of, and clains
the benefit of, Patent Application Serial No.

11/ 489, 308, filed July 18, 2006. FlIELD OF THE
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hon-petroleum alternative fuels, in particular clean-burning synthetic diesel fuels,
are developed. Moreover, normal combustion of petroleum-based fuels in
conventional engines can cause serious environmental pollution unless strict
methods of exhaust emission control are used. A clean burning synthetic diesel

fuel can help reduce the emissions from diesel engines.

[0004] The production of clean-burning transportation fuels requires either
the reformulation of existing petroleum-based fuels or the discovery of new

methods for power production or fuel synthesis from unused materials. There are
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carbonaceous sources, that can be subjected to a Fischer-Tropsch type process
to produce clean and valuable synthetic gasoline and diesel fuels, will benefit
both the transportation sector and the health of society. A Fischer-Tropsch type
process or reactor, which is defined herein to include respectively a Fischer-
Tropsch process or reactor, is any process or reactor that uses synthesis gas to
produce a liquid fuel. Similarly, a Fischer-Tropsch type liquid fuel is a fuel
produced by such a process or reactor. A Fischer-Tfopsch type process allows
for the application of current state-of-art engine exhaust after-treatment methods
for NOy reduction, removal of toxic particulates present in diesel engine exhaust,

and the reduction of normal combustion product pollutants, currently
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gan be converted into a clean-

comblnatlons of wood, paper, plastic and metal waste. The carbonaceous
components of this waste material have chemical energy that could be used to
reduce the need for other energy sources if it can be converted into a clean-
burning fuel. These waste sources of carbonaceous material are not the only
sources available. While many existing carbonaceous waste materials, such as
paper, can be sorted, reused and recycled, for other materials, the waste
producer would not need to pay a tipping fee, if the waste were to be delivered
directly to a conversion facility. A tipping fee, presently at $30-$35 per ton, is
usually charged by the waste management agency to offset disposal costs.

Consequently not only can disposal costs be reduced by transporting the waste to
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material are not the only sources available. Wile
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too expe'nsive to compete on the market with petroleum-based fuels, or they
produce volatile fuels, such as methanol and ethanol that have vapor preséure
values too high for use in high pollution areas, such as the Southern California
air-basin, without legislative exemption from clean air regulations. An example of
the latter process is the Hynol Methanol Process, which uses hydro-gasification
and steam reformer reactors to synthesize methanol using .a co-feed of solid
carbonaceous materials and natural gas, and which has a demonstrated carbon

conversion efficiency of >85% in bench-scale demonstrations.

[0011] More recently, a process was developed in our laboratories to
produce synthesis gas in which a slurry of particles of carbonaceous material in
water, and hydrogen from an internal source, are fed into a hydro-gasification
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CH4tH 20 —» CO+3H, (1)
or
CH4+2H 20 —» CO+4H, (2)

Carbon monoxide and hydrogen are produced in the SMR by using steam and
methane as the feed. Heating process water in a steam generator produces the
required steam. The methane is usually supplied in the form of compressed
natural gas, or by means of a light molecular weight off-gas stream from a

chemical or refinery process.



present invention is the production of synthesis gas
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2+4H 2 (2) Carbon nonoxi de and hydrogen are produced
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Heati ng process water in a steam generator produces
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[0015] The other procedure requires removing impurities from the product
stream from the SHR, such as fine particles of ash & char, hydrogen sulfide (H,S)
and other inorganic components. These impurities must be removed in order to
prevent poisoning of the catalyst used in the SMR. Conventionally, a combination
of pérticulate filters, a solvent wash (amines, Selexol™, Rectisol™), and hydro-
desulphurization by means qf the Claus process are used for this purpose. In the
Claus process, H,S is partially oxidized with air in a reaction furnace at high
temperatures (1000-1400 deg C). Sulfur is formed, but some H,S remains
unreacted, and some SO, is made requiring that the remaining H.S be reacted
with the SO, at lower temperatures (about 200-350 deg C) over a catalyst to
make more sulfur. However, s the SMR feed stream needs to be maintained high
temperatures, these conventional clean-up techniques are prohibitive from an
energy viewpoint, since the re-heating of the gas stream consumes a significant
~amount of energy.' Moreover, the benefits supplied by retaining the steam from
the SHR product stream are lost. Accordingly, in another embodiment of the
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following which the resultant producer gas is subjected to steam methane

reforming under conditions whereby to generate synthesis gas comprising
hydrogen and carbon monoxide at a H2: CO mole ratio range of about 3 to 1.
The required H2:CO mole ratio of a Fischer-Tropsch type reactor with a cobalt
based catalyst is 2:1. Accordingly, there is an excess of hydrogen, which can be
separated and fed into the SHR to make a self-sustainable process, i.e., without
requiring an external hydrogen feed. The synthesis gas generated by the steam
methane reforming can be fed into a Fischer-Tropsch type reactor under
conditions whereby a quuid‘ fuél is produced. Exothermic heat from the Fischer-
Tropsch type reaction can be transferred to the hydro-gasification reaction and/or
steam methane reformin'g reaction.
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[0021] r ef orHhisdnvesdioninsavides Ao b BYtiv0 39 Precid uS2 PO L Bildide

em bodir%@'n?lgf @%ﬁ@gﬁﬂ&ﬂhgﬁﬁgﬁgw %I\AIQ ?&Z]r(}igﬁ rrlegqﬂg?era?m and

COirég et e under standi t he present I'n
methane gicbrpraduect gasigenenatied by niéand of hyaviorgasifisationpdfi @ Rsixture

' 0j ion Wth conpanyi ng draw ng,
of carbdricERut IniBph 54 Ween'h'dh bif, RERERTY Breor i result
of supegiteatiagthefwdtbr i theviestistork drl0détle& g Hieidéal focdl dttedin for
the SM‘?I agram of the mass bal ance of the process; and

0020] Figure 3 graphically depicts the conponents
produced wi th and
[0022] The other procedure requires a method of removing impurities from

the product stream from the SHR, such as fine particles of ash & char, hydrogen
_éulﬁde (H 2S) and other inorganic compon-ents. These impurities must be
removed in order to prevent poisoning of the catalyst used in the SMR while
maintaining the SMR feed stream at its high process temperatures. Accordingly,
in another embodiment of the invention, a gas cleanup unit is provided that
operates at the process pressure and at a temperature above the boiling point of
water at the process pressure, and is located between the SHR and SMR.

[0023] Referring to Figure 1, a flow diagram of the process is shown. An
internally generated hydrogen feed 10 is fed into an SHR 12 along with a

carbonaceous feedstock 14 and water 16, which are heated to 750°C at 400 psi
in the SHR 12. The resulting producer gas is directed to a gas clean up filter18,



wi t hout the invention. DETAILED DESCRI PTI ON OF THE
I NVENTI ON [ 0021] This invention provides a conbination

woopoeedur es, where in one enbodi nent of th&T/US2007/016143
i nvention, the feedstock for an SMRis a m xture of

steam and nethane rich product gas generated by neans
of hydro-gasification of a mxture of carbonaceous
material and water in an SHR The steamis present as
a result of superheating the water in the feedstock
and serves as an ideal feed streamfor the SMR.

eg.a céﬁ&%%ilte?%@s@“ﬁ%{ 9558 (;%g %Prgets 4 gtsl, e a?dﬂrﬁ Tﬂaeﬁet, ﬁger

r om
remOVBBPstmfwamdmﬁ ithe emuetntas disectbdae amShaR0 \M)’@i’eosgemhess

gas s LI Al R Y Kbl T Bl BB B St
24, dles;edafu&halndg)roﬁ/ax 26 is abtdiyed. mswhlbn dﬁhﬁdﬁi\d:érv\léldlﬁerted from

n n feed streamat its high process
the SM hp %h efe«ieegﬁmw Rilg. dﬁ%atr?é}fre%m Figabenf
TropscH feactéwZDis @sed B S@SplEMRAD UL HBAf af tReRAR. ded t hat

oper at es at the process pressure and at a tenrperature

above~t he bo at the ocess
[0024] presgaﬁ%rat'gﬁ otﬁﬁe%&gﬁgttﬁ@pgmu efﬁrwater
allows theozil¢r feehe Ibfdaétg'ltta@ dtegny ia the g’&sEbQWp‘i‘b@@ét%rﬁééfm §1%n the
ess i s shown. An _internal ener at ed hydrogen
SHR. iy $5ebiig B PinesSatp SHRMIIOR] ehgegaiisle heat 1 the
efﬂuent@&lebﬁﬂaAQﬁﬂ§s Ba%dﬁbgﬁbcéé’s ABW dedeim KBshdWh SV FRJ e 2. The
heated to 750C at 4 in the SHR 12. The

mass P?feentqa%ofﬁheweevctgsé@are alieaek stage of iegrrocessane up
provided iin ilﬁﬁ reS N@Eﬂpﬁ%g@@%uﬁ@{u\#@%ﬂ sgjrﬁaééhr%gevgé Jhed

cand ilter asse at a
to calculpie th@%ﬁalunér ASREN LUSenm/alcommemlalmonmdeamdallhg

progranf RSP PLiFs ™ fhgft\%ﬂgw% é&@r&? %1’1?8 be egg;&eﬁ%gpﬁg@ymg

IS generated a |scher opsc
the chemicahcatipoments endﬂmratu@fcommsm ﬂ‘belpragdalmnaWal%f the,

specicpfofonl 3MuptRfi ritef erohalind Bl neRe St cakuipksR® 30

needed fto solviehitbefotcdme-of The pystent aasrices p'réaidtﬁ]guﬁsi‘lﬂeﬁé\nor. When
the calcﬁPan%ngrzra?thotrrl?p ep %SgéNtﬂeUSQ'W lists the results, stream by stream
and unit by unit. As shown in Figure 2, an SHR feedstock of hydrogen and 41%
coal slurry results in the production of synthesis gas with a 3.4: | mole ratio of
hydrogen to carbon monoxide in the SMR. The required feed hydrogen for the
SHR can be supplied through external means or by internal feedback of a portion
of the hydrogen produced in the SMR. In a particular example, a slurry of 41 %

coal, 52% water and 7 % hydrogen is used, obtained following the procedures of
Norbeck et al. U.S. Serial No. 10/911,348,

[0025] Any filter capable of operating at a temperature above the boiling
point of water at the process pressure can be used. One such commercially
available filter is a candle filter, which is well known to the art. See, for example
U.S. Patent No. 5,474,586, the disclosure of which is incorporated herein by
reference. An available gas cleanup unit that can be used in this invention is



[0024] Operating the unit above the bubbling
tenperature-of the water allows the water to be

wob@seNjo9As steamin the gaseous product streapaf/u9f07/016143
the SHR, thereby enabling the process to retain nost

of the sensible heat in the effluent stream A nass
bal ance process flow diagramis shown in Figure 2. The
mass percentages of the product stream at each stage
of the process are provided in the figure. ASPEN
PLUSTM equi | i bri um process nodel i ng was used to

cul ate the e.yal ues SPEN, PLUSTM | s a commerci a
what 'Sﬁﬁmm HE er 'Br"&*@'Pﬁrﬁ sefiga\pirtansiashaaed ziqltlemrea
carried fin acfites veedeil Te bandieamtees aly maRCH thiRtbsst dt€el metal frit to
E ﬁi nponent s and operating conditions. The
remove, g Pa ‘i“gﬂé@é,“%‘itﬁ?f @by ineraanip saits iangt yroreacted char) from the
gas streamiu| Bieeslutdyds ﬁf&ﬂiiﬁto tIf& Qéﬁéél% aaﬁétt&ﬁ(iﬁ@? QF\%! filtrate taken
cal cul tlons needed to sol ve the outconme o R

out at %SP& sty %%?W@ﬁehgﬁ {aken i ansthenmaiet asivake. Sulfur
| t

impuritied il if i SR LROBL i das, AT IRAVETN bPhJafRn suirce,

are remaqyeg @Upgsgng Ahe gpquiuq;g@gttbmugb‘nfa pgadke@bada:fdnéﬂzl xide

sorben&Qﬁ|th§|dé%rdfeérﬁ%+Aﬁﬁ ;SJHIE:D% é’ﬁ]%q%?tb' ﬂ'ﬁ; keﬁ%ﬂ%’n%s(': ake2s

e ratio car
outlet. ppnoxi de in the SVR The r equi red feed hydr ogen for
the SHR can be supplied through external neans or by

[0026] i nt erﬂé‘ilvef %@Qﬂ@w&fuq@h%ﬂi&é’ ot f né@?o %@P%ggﬁmqﬁwch

produced In
as zinc gpide, spid by Qid- Gﬂ%matlmmsmtﬂe ﬂ(@btbykiy o&emusmﬁaﬂd” lter

ce beck et .
o Al BYLLR VBTG 55 RS Sl
and size$, simdr as Begpai® ﬁ’omtumMemaHV\mmb(svmaﬁgﬁrdmls(lgalﬁ%?smeé“:]
er rocess ure can be used. e suc
sintere@ JlPEdY yih 3 B RiTRe of 1 L BiesessaibeRmA gt alements
allow theheftérts of Mésuk@ @ij badiga-gdlid maes trafn@,ferquﬂiio‘hs tolbe
47 t he di scl osure of whi

minimiZeft, At PSS 6 2B 1Ay, (STRRARHES In e tRGE G0 §ds 500°C

d spadeevély I U | the!
NATS123 IS e ) e e

SHR prp Hai @2 Thehydrpagn syifide septend ofthe gagisdininjséed by
means bf bLBHStIEH Bf tﬁ@ééﬂb‘éﬂts‘.  Bvbis IB\‘R/Ir e cﬁ% ?vﬂg& tt?éaggegtlvatlon

ilters are made of stalnless stee
of the SMR catalyst. The used sorbents in the gas cleanup unit can either be

replaced with fresh sorbents or regenerated in-situ with diluted air in parailel
multiple sorbent beds. ) '

[0027] Experimental data demonstrating the successful operation of the
SMR with direct feeding of the SHR product stream is shown in Figure 3. The
concentrations of the gas measured at the exit of the SMR are plotted along with
the SMR temperature profile. When the temperature of the SMR is low, the major
product observed at the SMR exit is methane (since the SHR.is the only reactor
being operated). As the temperature of the SMR increases, the methane
concentration decreases and a corresponding increase in the hydrogen and

carbon monoxide concentrations is observed. The final composition of synthesis

10



remove fine particulate matter (ash, inorganic salts
and un-reacted char) fromthe gas stream The slurry
wo 200§ethodnt o t he vessel at a bottominlet and gdat/tsDdBo16143

taken out at a top outlet. Particulate nmatter is taken
from anot her outlet as cake. Sulfur inpurities

existing in the SHR product gas, nostly in the form of
hydrogen sul fide, are renoved by passing the product

gas through a packed bed of netal oxide sorbents in

the gas cleanup unit, particulate matt er bei ng taken

, V¢ r '
sas proliER  ERSRPEL iy SO3bi ekl o L IR e
processoxfi this, lngémlpfbyasmr@ﬂlmeemmpoamqnsuflslyhmesh@gaﬂ blying a Hy:

CO mOIEQE%@?@é 8k/%f1l eﬁ; el enents are .available from

aer Georgia in the appropriate forms
and si zes, such as Bekpor(r) Porous Mdia-which is
[0028] nade Fhaamsydtmgqefélygntssaaisyntbemsmf@asfastrmh imettydirogemi t h

carvon ATEATIE0 e, FTRIIGIE R0 AT A iond
in the SMRisfemyclednback focthe HGHoeConsemuemw no/ktutadprswsw ef
werosdl il HAIRSHHHAET e bR
processies, theﬁd:esdnpblee caridideredfito b%‘%@ﬁﬂﬁﬂl?%e@%hstér i) g The
remainify SYEHERISRS [siBehcrVaURbIerier boh BEaUctiop O duele Andgarobess

heat. enough to avoid the deactivation of the SWVR catal yst.
The used sorbents in the gas cl eanup unit can either
h.sor ent enerate

| ith f
10020) P RS RoR Bt B0 iNa s e By RG4S € ded an
Fischerbmdpsci %h'&d)r |E>@9I‘dd&|§ttﬁét &t %rdtﬁméné&éﬁi -508ur Bfrahigh

MR with direct feeding

tane SHC erﬁ’isﬁlilﬂé operatlon of the
cetane yaluggiesgliikg fyaland ¥aluahia paraliHpwaxirfotielisr e aI:ﬁsgnce of
sulfur eﬁ@lﬁlé@%W@idllehﬁ'\t@Cndtﬂ‘éhlgléserﬂﬁﬁﬁﬂféleﬂué@?o Sé'r&aﬁgedt he

are plotted along with enperature
Useful tp%efth@ts vmﬁetm@du%efpatammme. pth@f@tmat@, Whigh carebe

re- cycle?]%cgrea@ ﬁ@%rr? *?é&f I"i’sf gwteeéw% fschgr i esrl%{ﬂje d) .

nce react or el ng op
reactlonssalsh@r@@mmtealtgasethat th’&auﬁVﬁlydnmgeea@@. COheandsbareelight

nroe 35BS 0B85 35, AR SO FRRCOH OB 40 R
either totheeHERI or ﬂﬁeeFfsuchat—Tmmqm@eacm. Hnysymah esncunts of other
gases such as CO and CO may be flared off.

[0030] Although the present invention and its advantages have been
described in detail, it should be understood that various changes, substitutions
and alterations can be made herein without departing from the spirit and scope of
the invention as defined by the appended claims. Moreover, the scope of the
present application is not intended to be limited to the particular embodiments of
the process and apparatus described in the specification. As one of ordinary skill
in the art will readily appreciate from the disclosure of the present invention,
processes and apparatuses, presently existing or later to be developed that

perform substantially the same function or achieve substantially the same result

11



10 WO 2008/ 010993 PCT/ US2007/ 016143 gas produced in
the SMR has a H2: COnole ratio of 3:1. Mre
w@EgeHAkdy, the process of this invention canp@¥oshecBo16143
conposition of synthesis gas having a H2: CO nol e
ratio range of 2:1 to 6. [0028] The resulting effl uent
is a synthesis of gases rich in hydrogen, carbon
nonoxi de., and steam Approximtely one third of the
hydr ogen produced in the SMR is recycled back to the
HGR. Consequently, no outside source of hydrogen 'S

as the d?ﬁﬁ%%%rngc &%@Bﬁﬁlrﬂgﬁ%ﬁ%e%énﬁ%ﬁth%ﬁgﬁ c’%%i‘ :b%gtﬂtggefei@o&é)rg ing to
the premrtmmtloym Aecordingly athel apperﬁmi clain®iarg irgesyed ke frictude

S“°“‘”%?%%%égéﬁﬁga?%ﬁfhﬁgé%p%ﬁﬁg%Wgﬂ@§°d ct{qgﬁg{h;uels and

i nvention, the synthesis gas is fed to a

Fi scher - Tropsch reactor in a process that can produce
a zero-sulfur, ultrahigh cetane value diesel-Iike
fuel and valuable paraffin wax products. The absence
of sulfur enables |ow pollutant and particle emtting
di esel fuels to be realized. Useful by-products can
be produced, foe exanple, purified water, which can be
re-cycled to create the slurry feed into the process.
The Fi scher-Tropsch reactions al so produce tail gas

t hat contai ns hydrogen, CO CO 2, and sone |ight

hydr ocar bon gases. Hydrogen can be stripped out of the
tail gas and recycled either to the HGR or the

Fi scher-Tropsch reactor. Any small anmounts of other
gases such as CO and CO may be flared off. [0030]

Al t hough the present invention and its advantages have
been described in detail, it should be, understood
that various changes, substitutions and alterations
can be made herein wthout departing fromthe spirit
and scope of the invention as defined by the appended
clains. Mreover, the scope of the present
application is not intended to be limted to the
particul ar enbodi nents of the process and apparat us
descri bed in the specification. As one of ordinary
ski | |

12



inthe art will readily appreciate fromthe disclosure
of the present invention, processes and appar atuses,
wWPsRseNbdy existing or later to be devel oped th@t/us2007/016143
perform substantially the sane function or achieve
substantially the same result 11 WO 2008/ 010993
PCT/ US2007/ 016143 as the correspondi ng enbodi nents
descri bed herein may be utilized according to the
present invention. Accordingly, the appended clains
are intended to include such processes and use of
THE‘:@ﬁﬁ# apparatuses within their scope. 12 W 2008/ 010993
: S2007/ 016143 THE CLAIMS 1. A process for
1. A proegssi fog coavéntingcarbsnacscrs mbtdrial 1 ByhpesR §&S,
compridif prising: sinmultaneously heating carbonaceous
nmaterial in the presence of both hydrogen and steam

ﬁmuﬂaneﬁ?ﬂvdmth ing md%mmub sematdifal gi ﬂfe_tpﬂﬁ@easé%'f%ﬁn a
regm of e ne and cprbon nonoxi de rich gas
| “Vdmg%ﬁ Sﬁﬁéé?afr‘e e?%fgprem}uf% andoressitesndigeida@anegate a
stream of h@ﬁan@aﬂdsdabb@ﬁHd&)&&@r'éﬁﬁ%gﬁgau&[ oducer gas to
st eam net hane reform ng unoler condi t1bns wher eby

"SI NP YAte A thei RIgIHgRN Rpeatraam; eadbon nmonoxi de
dubjediRidethat@dultant pFB@u@%ro%é‘ssﬁathfeaFA m(???\:;né{\’f:@fﬁﬁhﬁg[ D8der
rom the producer eam

.. inpurities are renoved on gas s
conditions whereby syathasis 888 wemutising hydiegepant cabonanenositle is
generatel® process pressure. 3. The process of claim2

: wherein the tenperature i s about 700C to about 900C.
4. The process of claim1l wherein inpurities are '
2. Thaprregss b slaime! pihedeindhe igaurities eseremoved oanthal | y
roducera o r ol 5B Leln .t
PO T 35 B Bl Sbife B RLR e hE
process pressure.

3. The process of claim 2 wherein the temperature is about 700°C to about
900°C.
4. The process of claim 1 wherein impurities are removed from the producer

gas stream at substantially said pressure.
5. The process of claim 4 wherein the pressure is about 132 psi to 560 psi .

6. The process of claim 1 wherein steam methane reforming is conducted

under conditions whereby the composition of synthesis gas produced has a H »:
CO mole ratio range of 2.1 to 6.1.

7. The process of claim 1 wherein the steam methane reforming is conducted

under conditions whereby the composition of synthesis gas produced has a H 3
CO mole ratio of 3:1. '

8. The process of claim 1 wherein the carbonaceous material comprises

municipal waste, biomass, wood, coal, or a natural or synthetic polymer.

13



6. The process of claim1 wherein steam nethane
reformng is conducted under conditions whereby the

WERPORéd on of synthesis gas produced has a H@us#6I016143
nole ratio range of 2.1 to 6.1. 7. The process of

claim1 wherein the steam nethane reformng is
conducted under conditions whereby the conposition of
synthesis gas produced has a H2: COnole ratio of
3:1. 8. The process of claim1l wherein the

car bonaceous material conprises nmunicipal waste,

; I atural or
o TherbeEsss MEBmIERuroBhodeikels BesSbrmiResdy e stopm
_methang refosmingis fetdnio 4 FlisrchﬁiHTtrbpsqmtylpeSrle&ct]ﬁ&Jr@i@ﬁ ebatiridnbY
ne reformng is fed into a
whereb*%lg '8&"@%6%? u[c§ e reactor under conditions whereby
a liquid fuel is produced. 10. A process for

10.  Acprogess ﬁ@gcmmmg)aiumasamabﬂeolmﬁﬁalsqy\ﬂ@@bd Rl ordd A
or etic nmer to synthesis gas,
natural 8?%"6% '%Boglﬁff?‘lﬂptsgﬂ Qaﬁ'e%ﬂmﬂés'[?ﬁr bonageous
simukanedusiynheating bfaﬂﬂzgmeeﬁgso g?tbrlahgdh@qgg%%ﬁ& &t BStH
rature o out t out an
nyarogel alfy HERRE A Temgeraline ey abot 7oB -G Aoyt BI0Ganand e
pressur@ abbUEABR Pki f695$‘@tﬁ§| aﬁﬂeréb@rtg%d@?%xé gﬁeéh?@f P&thane and

oduct; .renoving inmpuritiés from roducer gas
carbon@upp P P g

Qé\ﬁ’iesrlﬂ&@%%f’f%ﬂqcﬁ at said pressure and at a
rérﬂﬁpﬁfgqmﬁﬁxtléﬁqy&nttﬁég%ddé? aRQtRlarsy at%ﬁlaﬂ% 8& BSid

rocess pressure; ecting the resul ucer

pressurg aﬁdt% %&e@éﬁﬁrﬁﬂtrﬁaﬁmveeth@ heiling peidtof watmdattthe p$OCess
pressuréhereby to generate synthesis gas conprising hydrogen
and carbon nonoxide at a H2: COnole ratio range of
spbjecting dhe sestitant prodycey maséslssegasngﬁ?wmmrnmygtMer

Fi.sch Iro
condiiof SHELDB} 19886 EhELTHILSI 8 BBy SFRclydo B3 e Bor
monoxide atiattd CO hiole, raibeapgeoe2s! fof 6;cded m 10 conprising -
fééoéma fsye/rrl{hle%% ge%(s? tggﬁcreggtgd Ig)e/%efsliga%tnneethane reforming into a
Fischer-Tropsch type reactor under conditions whereby a liquid fuel is produced.

11. . The process of claim 10 comprising transferring exothermic heat from the
Fischer-Tropsch type reaction to the hydro-gasification reaction and/or steam
methane reforming reaction.

12.  An apparatus for converting carbonaceous material to synthesis gas,
comprising:

a hydro-gasification reactor for simuitaneously heating carbonaceous
material in the presence of both hydrogen and steam, at a temperature and
pressure sufficient to generate a stream of methane and carbon monoxide rich
gas product.

13.  The apparatus of claim 12 including a Fiécher-Tropsch type reactor for
receiving synthesis gas generated by the steam methane reformer for producing
a liquid fuel.
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Fi scher-Tropsch type reaction to the
hydr o-gasification reaction and/or steam nethane
wJo 80961obesg reaction. 12. An apparatus for convgrtidgo7/016143
car bonaceous material to synthesis gas, conprising: a
hydr o-gasi fication reactor for simnultaneously heating
carbonaceous material in the presence of both
hydrogen and steam at a tenperature and pressure
sufficient to generate a stream of nethane and carbon
nonoxi de rich gas product. 13. The apparatus of claim
incly er Tro sch t actor for
Tiie aPfrifieS s Pirlini Sl BB aRdrat R reiRTe SraiHotermice
heat frang ftige FRscheeTropsshpRTeadtibn Bt hydb-gddfiddon reactor
2008/ 010993 PCT/US 07/016143 14. The appar at us of
and/or gteg hane (¢fOHTPRE means for transferring exothernic
heat fromthe Fischer-Tropsch type reaction to the
hydr o-gasi fication reactor and/or steam nethane
reformer. 15
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