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[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

many sources available, derived from either renewable organic or waste
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since the input feed stock 2s already considered of
little value, discarded as waste, and disposal is
often polluting.. Alternatively, one can use coal as
a feedstock to upgrade |low grade dirty solid fuel to a
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'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-Tropsch 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 accomplished by catalysts that

are poisoned quickly by any sulfur present, as is the case in ordinary stocks of
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petrol eum derived di esel fuel, reducing the catalyst
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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
a waste-to-synthetic fuels processing plant, but additional waste would be made
available because of the lowered cost of disposal.
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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] Synthesis gas can be produced through one of two major chemical
processes, steam reforming and partial oxidation. Steam reforming is used when
the feed consists of light hydrocarbons such as natural gas, and when hydrogen
is the main product. Partial oxidation is used with heavier feeds, or when a
relatively high yield of carbon monoxide is desired. Table 1 summarizes various

commercial processes under operation for the production of synthesis gas [1].
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hydrogen is the main produst. Partial oxidation is
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Table 2
Syngas Ratio
. Required
Desired Product Chemical Process (H»/Co, mole)
Synthetic fuels FTS — Co catalyst 2.05-2.15
Synthetic fuels FTS — Fe catalyst 1.65
Methanol 2
Ethylene glycol 1.5
Acetic acid 1
Benzene-toluene-xylene . 1.5
[0014] In general, the syngas ratio can be lowered by using the pressure

swing adsorption process or by using hydrogen membrane systems.
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[0016] Producing synthesis gas via gasificatioh and producing a liquid fuel
from synthesis gas are totally different processes. Of particular interest to the
present invention is the production of synthesis gas using a steam methane
reformer (SMR), a reactor that is widely used to produce synthesis gas for the
production of liquid fuels and other chemicals. The reactions taking place in the
SMR can be written as follows.

CH 4+H 20 [T CO+3H, (1)
or

CH 4+2H 0 I] CO »+4H 2 (2)

Carbon monoxide and hydrogen are produced in the SMR by using steam and
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the present invention is the production of synthesis
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[0019] As described above, the steam and methane rich product gas of the
SHR is gengrated by means of hydro-gasification of the slurry, which is a mixture
of carbonaceous material and water. This product gas, a mixture of methane rich
gas and steam, where the steam is present as a result of the superheating the
water in the feedstock, serves as an ideal feed stream for the SMR. Impurities
are removed from the SHR product stream, such as fine particles of ash & char,
hydrogen sulfide and other inorganic’'components.

[0020] The mass percentages of the product stream at each stage of the
process are calculated using a modeling program, such as the ASPEN PLUS™
equilibrium process that can relate the synthesis gas ratio of hydrogen to carbon
monoxide to conversion ratios of the carbon content of the carbonaceous
material. In accordance with the invention, by varying the parameters of solid to
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water.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] For a more complete understanding of the present invention,
reference is now made to the following descriptions taken in conjunction with the
accompanying drawing, in which:



under conditions whereby synthesis gas conpri sing
hydr ogen and carbon nonoxide is generated having a
woypdismgears car bon nonoxi de rati o determ ned by PCIAIS2007/016144

rati o of hydrogen and water9in the SHR Wile the
hydrogen can be obtained by diverting a portion of

hydr ogen separated fromthe synthesis gas to the

slurry water, it is preferred to obtain the hydrogen

by diverting a portion of the synthesis gas itself,

Wi t hout. ration of hydrogen fromthe synthesis gas,
roozaf' ! o FigheP 18'S i Phagiiin P e ertoes eRtior inygntion in .
accordaRiel WS of g anbicalimanthi AHRMTRbEeHIBLpAARL: Aort

rtiothf %ﬁﬁ@ﬁt |nvt_ent| on, ref erence I's now eto t he
portion gt QUER AR tadreptatedh i n conjunction with the

acconmpanyi ng- drawi ng, i n which: WD 2008/ 010994

[0024]PCT/ USZQ07% 016 Wifow AidHERBbT theTHBSs baldhcd ga‘f% Bmféfhs%’%f

thefircff the process of this invention in accordance w a
Fignapodi iment in which hydrogen is separated froma
portion of the SMR output and recircul ated; [0024]

[0025]Fi gur eFigures 3ds flbavdidifsh BN prdtedBBSthR4ha8REoREn t he
roces% of the first enbodi ment; [0025] Figure é i's
accordge, Vi R GrSGrosd @REoginpRRihese 2 Rogtiamottits outpih of the SMR

is itselbemyciRNeRhbUt SearaB6AH it g@ﬁlt where a portion of
t he out put of thp’;e)el SMR is {Fit%[sag(i) r'ecycl ed wit hout

separat.ion of.  its hydrogen; [0026] Figure 4 is flow
[0026]5720 Tioge nlg f[?é(%QY%%P%h%féh[Sfm%]% blassesaf the process in
accordaneendtn e Yeédhd Eﬁ\b?ﬁﬁtﬂ@ﬁ[ gg@? 'rg%%ipgeif‘ﬁl éo#‘tﬁ)g%/v&# thd

SMR: of a portion of the SWR
» di agram of the mass bal ance of the process in
accordance with the second enbodi nent after recycling

[0027]a por Higureds isHRWNRgralOS3Rk nEéQéJESIa‘?ucéfB?"tﬁeygggggén @S

and stﬁg CH2 nolar ratios for each run 1n a
accordgieg wi RN LABBANRERRN @l recytling anastidy of thei SMR;
are achieved; [0029] Figure 7 is a sensitivity

- [0028]anal yFHighreus sRBwstBeABEN Shd/'SIMMARHS) M¥hr ratios for each run
in accordance with the second embodiment until after steady values are
achieved;

[0029] Figure 7 is a sensitivity analysis using the ASPEN PLUS™ modeling
program showing various conversions and the syngas ratio when parameters of
solid to water ratio and hydrogen to carbon ratio are varied.

DETAILED DESCRIPTION OF THE INVENTION

[0030] This invention enables one to control of the H,/CO ratio output of an
SMR by adjusting the hydrogen feed and the water content of feedstock into the
SHR that supplies the SMR. The steam and methane rich product gas of the
SHR is generated by means of hydro-gasification of the slurry, which is a mixture
of carbonaceous material and water. This product gas, a mixture of methane rich
gas and steam, where the steam is present as a result of the superheating the
water in the feedstock, serves as an ideal feed stream for the SMR.



program showi ng various conversions and the syngas

rati o when paraneters of solid to water ratio and
woydisagen4t o carbon ratio are varied. DETAI LEDPCT/US2007/016144

DESCRI PTI ON OF THE | NVENTI Gd [ 0030] This invention

enabl es one to control of the H2/CO ratio output of an

SMR by adjusting the hydrogen feed and the water

content of feedstock into the SHR that supplies the

SMR. The steam and nmethane rich product gas of the
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[0033] More particularly, a process is provided for converting

' carbonaceous material to synthesis gas of a desired H,/CO ratio, comprising
simultaneously heating carbonaceous material in an SHR in the presence of a
predetermined ratio of hydrogen and water in the form of steam, at a temperature
and pressure sufficient to generate a stream of methane and carbon monoxide
rich gas product, which can be called a producer gas, the ratio of hydrogen and
water being determined by a modeling program, such as the ASPEN PLUS™
equilibrium process. In accordance with the invention, by varying the parameters

of solid to water ratio and hydrogen to carbon ratio, a sensitivity analysis is



feed stream at high tenperatures, a gas cleanup unit

is provided that operates at process pressures and at
we @menat ur e above t he st eam condensati on poPQT/US200B16144
is |located between the1SHR and SMR [ 0033] More
a process is provided for converting
carbonaceous material to synthesis gas of a desired
H2/ CO rati o, conprising sinmultaneously heating
carbonaceous material in an SHRin the presence of a

erm ned ratio of hydrogen and water in the form
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renmoved fromthe producer gas stream substantially at
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provide an excess of hydrogen, which can be fed into the SHR to make a self-

uni t
particularly,

Sustainable process, i.e., without requiring any external hydrogen feed. The
synthesis gas generated by the steam methane reforming can be fed in'to a
Fischer-Tropsch type reactor under conditions whereby a liquid fuel is produced
Exothermic heat from the Fischer-Tropsch type reaction can be transferred to th;e

hydro-gasification reaction and/or steam methane reforming reaction

[0035] In one embodiment, the hydrogen is obtained by diverting a portion
of hydrogen separated from the synthesis gas to the slurry water. In another
preferred embodiment, the hydrogen is obtained by diverting a portion of the |
synthesis gas itself to the slurry water, without separation of hydrogen from the



generate the desired synthesis gas ratio of hydrogen

and car bon nonoxi de. For exanple, the required H2: CO
woub@/meiso of a Fi scher-Tropsch type reactor RCTS2007/016144

cobalt based catalyst is 2.12:1. By appropriate

adj ustnment, as described below, of the H2/ H20O rati o,

a H2/CO nole ratio range of about 3 to 1 can be

achieved to provide an excess of hydrogen, which can

be fed into the SHR to nmake a sel f- sustai nabl e

uiLrin external hydrogen
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effluent sQream 1%18 following example will illustrate the invention.

[0038] A mass balance process flow diagram is shown in Figure 2. The
mass percentages of the product stream at each stage of the process are
provided in the figure. ASPEN PLUS™ equilibrium process modeling was used
to calculate these values. ASPEN PLUS™ is a commercial computer modeling
program that allows a process model to be created by specifying the chemical
components and operating conditions. The program takes all of the specifications
and simulates the model, executing all necessary calculations needed to solve
the outcome of the system, hence predicting its behavior. When the calculations



out put is passed through a hydrogen separator 27 where

a portion of its hydrogen is separated and diverted
woOnesaim4 SVR 20, at 28 to be fed back to the PGRUE2007/016144

Heat 30 fromthe Fischer-Triepsch type reactor 22 is

used to supplenent the heat at the SMR [0037]

Qperating the unit above the bubbling tenperature of

the water allows the water to be present as steamin

t he gaseous product streamfromthe SHR, thereby
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ab CISgr@ocess flow diagramis shown in Figure mass
S rcentages of the product streamat each stage of the
process are provided in the figure. ASPEN PLUSTM
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rati o of hydrogen to carbon nonoxide in the SVR The

h b plied
(0040 A0 ot S BY Ui Bhik s ap b ypiEI  Fithgts Ak producer
gas coptqlmngrBG ot % 6H4h2dvt%}eF arwt%xcmi 3 xytwgolél\/%Snzd b7 @vt% H,0,
ur.ry % coa 0
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Thi s resul tS I N an output from't gﬂ
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Example 2
[0041] This Example, shown in Figures 3 — 6, illustrates a second,
preferred embodiment in which a portion of the output of the SMR is itself
recycled. Figure 3 is flow diagram of the SHR to SMR process in which a desired
H2/CO ratio output of an SMR is obtained by without separating hydrogen from
the SMR output, but diverting a portion of the SMR output itself to the HGR, and
adjustmg the hydrogen feed and the water content of feedstock into the SHR that
supplies the SMR. The process is the same as described in Example 1 but for
those changes reflecting the direct use 6f a portion of the SMR as feed to the
SHR. Accordingly, while some hydrogen is used to start the process, as shown in
Figure 4, discussed below, internally generated hydrogen feed is that component



inmpurities. [0040] The output of the SHR-cl eanup unit

is a nmethane rich, producer gas containing 36 w %
wGldos/ 02098 % H2, 2 wt % CO, 3 wt % C02, and 57 wt PCHZS2007/016144

having a steamto nethane male ratio of 1:4. The

output of the SHRis fed to the SVR, which is

operating at 800C and 28 atnospheres to yield

synthesis gas having a nole ratio of H2 to CO of 3.4,

and containing 4 % CH4, 14 wt% H2, 58 W% CO 3 wt %
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FS@ a\}l ng hydr ?‘en from
removg| PEsYiiW AN aeh.itherefieentis c@mtemtqatjte SNER;IZf) wibereheynthesis
I e e B er O ST R L Rz R o Froal B pure

water Zrand Hiesgl fiel and/er waxs 26aiswldsindescri bed i n Exanpl e 1
but for those changes reflecting the direct use of a
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FischegT ronsoim tyxe EeetomeFigused B sisplemditanplheal at tHeSHVR
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0043]car boneeaus, h are
[ 3] heat egﬁl to 750%%%%8%&%%&'&”%[?%%@&&% '%@F UISIgIShovg in
Figuret.oasi e Exgawle 4, the srtssthercehtagegasf theerodugt dtiddrfat each
removal .of sulfur nd ash
stage gfineBpEEo e BRYTaed i il B50e SBtaies Uaing sEjN RLLIS™
equilibgum proagsaenadielthcand fed to a Fi scher-Tropsch type
reactor 22., fromwhich pure water 24, and diesel

[0044]f “e' %(Ldéi%wﬁ’%‘ g@ujﬁ gaﬁr{ %‘J:[‘?%g—il%&? 6%2%9&?%? ok é&@ttﬁmtngg 4%
hydrog|¢y1d B@Q’eqodefaad &4Gh wdtet resuderihitnd prodditiot 60sAthedis Jas
with a ? g: ?Eéé{gfg{l ithsﬂ cégg'% %arfonHNgggggégflggﬂé t%(rji\élgagl‘l;nst roesults
in an output from the SHR to the cleanup filter of a gaseous mixture containing 16
wt% CHs, 3 Wt% Ha, 5 wt% CO, 23 wt% CO,, 48 wt% H20, 2 wt% ash, 2 wt%
char, and 0 wt% other impurities.

[0045] The output of the SHR-cleanup unit is a gas containing 17 wt% CHy,
3 wt% Ha, 5 wt% CO, 24 wt% CO,, and 51 wt% H20, having a steam to methane
mole ratio of 2:7. The output of the SHR is fed to the SMR, which is operating at
850°C and 27.2 atmospheres to yield synthesis gas having a mole ratio of Ha to
CO of 3.8, and containing 5 wt% CHy, 8 wi% H,, 28 wt% CO, 21 wt% CO3, and
39 wt% H,0.

[0046] Figure 5 shows a mass balance flow diagram after 12 recycle runs
where it reached a final steady Hx/CO exit ratio. The steady state feedstock



Fi scher-Tropsch type reactor 22 is used to suppl enent
the heat at the SMR [0043] A nmass bal ance

wonrosaaeh | ow di agramfor the initial run i s SROWUSRV7/016144
Figure 4. as in Exanple 1, ishe mass percentages of the
product stream at each stage of the process are
provided in the figure, obtained using ASPEN PLUS TM

equi li brium process nodeling. [0044] As shown in
Fi gure 4, an initial SHR slurry feedstock containing
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U.S. Patent No.vi, 47 586, the disclosure of which is mcorporated herein by
reference. An available gas cleanup unit that can be used in this invention is
what is known as a candle filter in which a series of candle-shaped filters are
carried in a filter vessel. The candle filters are made of stainless steel metal frit to
remove fine particulate matter (ash, inorganic salts and unreacted char) from the
gas stream. The slurry is fed into the vessel at a bottcm inlet and filtrate is taken
out at a top outlet. Particulate matter is taken from another outlet as cake. Sulfur
impurities existing in the SHR product gas, mostly in the form of hydrogen sulfide,
are removed by passing the product gas through a packed bed of metal oxide
sorbents in the gas cleanup unit, particulate matter being taken from a cake
outlet.



39 wt% CO, 26 wm % C02, and 24 wt % H20. [0048] Figure 6

shows the H2/ CO and steam CH2 nol ar ratios for each
woums/ouoil after steady val ues are achi eved. POTAIS2007/016144

di agram denonstrates the ahislity of the process of

this preferred enbodi nent to produce synthesis gas at

a desired H2/COratio through controlled recycling of
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the syngas ratio of Ho/CO (mole Ha/mole CcO).

[0052] The last parameter is of key interest in this invention. F igure 3
clearly demonstrates that the final syngas ratio can be adjusted by adjusting the
water to solid ratio (represented as H,O/ Cin mass ratio in Figure 3) and the
hydrogen to carbon ratio of the feedstock. Thus, an optimum composition of the
slurry to obtain a sustainable hydrogen feedback and the desired syngas ratio for



SHR product gas. The hydrogen sulfide content of the

gas is dimnished by neans of sulfidation of the
weanisani®4t o | evel s | ow enough to avoid the PCT/US2007/016144

deactivation of the SMR catral yst. The used sorbents

in the gas cleanup unit can either be replaced wth

fresh sorbents or regenerated in-situ with diluted air

in parallel nultiple sorbent beds. [0051] As

descri bed, the syngas ratio obtained fromthe SVR can
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[0055] 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
as the corresponding embodiments described herein may be utilized according to



Consequently, no outside source of hydrogen is needed
to maintain steady state operation. The HGR and SMR
wonosaaems, therefore, may be considered to bePCT/US2007/016144

chem cal ly sel f-sustaining.18The remai ni ng synt hesi s

gas is then available for the production of fuels and

process heat. [0054] In an enbodi nent of the

i nvention, the synthesis gas is fed to a

Fi scher-Tropsch reactor in a process that can produce
cetane val ue di esel -1i ke

the pr‘%‘??&% 'gYﬁPL{I ) u&?&Péé' B’ag?‘? APRaRded slaiweareThiensesdadaciude

such prbcesadsf and a@@@f%&ch%p@@éﬂuﬁb§%trﬁﬂ@h&ﬁ%&bﬁée em tting
di esel fuels to be realized. ful by-products can

Reﬂyéﬁe roduced, foe exanpl e, purlfled wat er, which can be
“‘“"—reggycled to create the slurry feed into the process.

1. Vaithierkioseh . PTrmsss) uméﬁéuy%fseﬂirﬁ@géﬁ Qdélm%rlbﬂbl's. 9889,
t hat contains hydrogen CO, 2, and sone lig

2. Shewdmo BaAh @%@?E?e;sc frg%ﬁsglg?%g??géﬁ 283 'aﬁaeﬁr%h%/éd}ﬁ
H’g?“’fgc}b%'lq? B &1adalysign g ds ptgynberauht, sDWf NbEh,eVol 152,
20@@ses such as CO and CO may be flared off. [0055]

Al t hough the present invention and its advantages have
been described in detail, it should be understood
t hat various changes, substitutions and alterations
can be made herein w thout 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
described in the specification. As one of ordinary
skill inthe art will readily appreciate fromthe
di scl osure of the present invention, processes and
appar atuses, presently existing or later to be
devel oped that perform substantially the sane
function or achieve substantially the sanme result as
t he correspondi ng enbodi nents descri bed herein may be
utilized according to WD 2008/ 010994 PCT/ US2007/ 016144
18 the present invention. Accordingly, the appended
clains are intended to include such processes and use
of such apparatuses within their scope. References 1.
Van der Laan, G P., Thesis, University of G oningen,
Net her | ands, 1999.



2. Sheldon, R A, Chemcals from Synthesis Gas, 1983
and FT Technol ogy: Studies in surf Science and
wQav@logedss, ed. Steynberg, A, Dry, ME., Vol 2ERUS2007/016144
2004. WD 2008/ 010994 PCT/ US2007/ 016144 19 THE CLAI M5
1. A process for converting carbonaceous material in a
wat er containing slurry to synthesis gas having a
desired rati o of hydrogen to carbon nonoxide in the
synthesi s gas, conprising: providing a predetermn ned
rati o of hydrogen to slurry water to a steam
THE GhAMdSgasi fi cation reactor; sinultaneously heating the
o eous material jn the presence of both said
I S RRAAR R o tedhe tarbAneesyly BRtpea dna whisaneaining
slurry sugyritbiesist gdhgeingreatiesifed fticesmyrirogBH 88 56H! pfHDA in
the s nﬁ] QX de rich lgas product; renoving rnpurities from
YORESF 880 c¥™MBES NGt ream and. subjecting the resul t ant

[prodidirey agaedeRrafifaN TR} mrbﬁéﬁrtmsﬂﬂg%?ér to a steam
hvdro-$20 I tj.ons whereby synthesis gaS conprising sali ¢ _
ydro-gasi 'F@borﬁé??%tob'f hydrogen and carbon nonoxide is

@aNanRahEsusly- | ai m. in_ the

e Oy iR Ea oo aler BB fighetgence of botn
said h@@ﬂ@ﬁ@ﬂ%éﬁ?@ﬂat%@ tenoperatieresand peesissirg aaffloiertite generate a
t f.claiml1l wherein the
streanf LA IR Shd cArbd MK Bofiors MoBlBh L1 on of < he

S§MONEY) Enparitiesofromethel prodycevagas streairheud separ at i on

t t hesj . 4. Th f
s S 3 g P
conditipnewhirebyisynthesis gasicomn afd. dddie dresthyfrogen and

claim erein_the ratio of hydrogen to slurry water
carbonl 'lg%nggfdee\rl\%%e rﬁ{? anal ysis of the effect on the

g_ynthesis gas ratio of (a) the ratio of solid content
2. hetprocess b otaimoliwheesiarthelhydeogdreissoitaine 8y %'iveﬁr]{iﬁg a

() t f. the hydrogen to carbon content o
portiony ‘Efeh%dﬁg%ﬁg@@gﬁgteﬂg{w it ?.Sygﬁ‘eﬁr%%? iR thassiyrryovaten 5
wherein said analysis is a sensitivity analysis using
3. The process of claim 1 wherein the hydrogen is obtained by diverting a

portion of the synthesis gas to the slurry water, without separation of hydrogen
from the synthesis gas.

4. The process of claim 1 wherein at least part of said slurry water is provided
in the form of steam.

5. The process of claim 1 wherein the ratio of hydrogen to slurry water is
determined by analysis of the effect on the synthesis gas ratio of (a) the ratio of
solid content of the carbonaceous material to the slurry water and (b) the ratio of
the hydrogen to carbon content of the carbonaceous material.

6. The process of claim 5 wherein said analysis is a sensitivity analysis using
a modeling-computer program that relates the synthesis gas ratio of hydrogen to
carbon monoxide to conversion ratios of the carbon content of the carbonaceous

material,



a nodel i ng- conputer programthat relates the

synthesis gas ratio of hydrogen to carbon nonoxide to
woaoosanedson rati os of the carbon content of thecT/us2007/016144

car bonaceous material. WD28008/ 010994

PCT/ US2007/ 016144 20 7. The process of claim®6

wherein the conputer programis a nodeling program

8. The process of claim7 wherein the conputer program

uses the ASPEN PLUSTM equilibrium process. 9. The

J erein the steam net hane reformng
7. PIREERGedte.df A VSih o FemmnEparna Sanpssiomnen
prograrh. synt hesi s gas produced has a H2: COnole ratio
range of 1.1 to 6.1. 10. The process of claim1l

[ e Ceous terial conprises nmnunicipal
8. o B o R ISR e BB RIBar G s ook BEEN
PLUSES"GIey;uﬂbriuﬂriprd’d&sprocess of claim1 in which synthesis
gas generated by the steam nethane reformng is fed

i i.scher-.Irqpsch type reactor .under conditions
o Ao pPolesoial ANRACiY Bie, HERGH Methang rfasaag '3 Benducted
undercomdéidrisnghetsbyciheatormpssition if YR esisNgas pré@ded Rhs @ H o
co mnrxtruralr Qr s n{lhgtl c polymer, in a water containing
2I9.Ato ragoe\Rft hddP S -bas, * conprising: providing a
predeterm ned ratio of hydrogen to slurry water to a
10. sThaprodesdrof-caish fli whdichm theasibdnackbas mdfefiaPbomprises

. rogen t.o slurr ter being determined by analysis
m“”'Cmaqt"Y?%?%»f Pigpiass, Wans SPRLIES 8@“@!5%' Qrapvrshetic palymare
ratio of solid content of the carbonaceous nateri al

11, tBhe heocdssrofyclaiat drinatisich ByniHesis gas gehbrattd B He0R8Am
r bonaceous materi al” that

rbon content of _the c .
methalng: R BaR e reEiechghd orssTy beiTRgCI v Sigs soRHions
wherebgralijuiddoexisdgodticédH 2. CO nole ratio range of 1:1

to 6:1; sinultaneously heating carbonaceous nateri al

12 /8 piert P8 B Veing M rOisioal graslb P IR, AP (OB
naturadbosynthédicplymer, SAG Wateirit&Rhd SUBENBFithdsis gasam
compr?sfingr;r:m hane and

providing a predetermined ratio of hydrogen to sluiry water to a steam
hydro-gasification reactor, the ratio of hydrogen to slurry water being determined
by analysis of the effect on the synthesis gas ratio of (a) the ratio of solid content
of the carbonaceous material to the slurry water and (b) the ratio of the hydrogen
to carbon content of the carbonaceous material that would produce synthesis gas
comprising hydrogen and carbon monoxide at a H »: CO mole ratio range of 1:1 to
6:1;

simultaneously heating carbonaceous material in the presence of both said
hydrogen and steam, at a temperature of about 700°C to about 900°C and
pressure about 132 psi to 560 psi whereby to generate a stream of methane and
carbon monoxide rich gas product;

removing impurities from the producer gas stream substantially at said
temperature and pressure;

subjecting the resultant producer gas to steam methane reforming under



carbon nonoxi de rich gas product; renoving inpurities

fromthe producer gas stream substantially at said
woOenpanedur e and pressure; subjecting the resubPCamis2007/016144

producer gas to steam nethane reform ng under WO

2008/ 010994 PCT/ US2007/ 016144 21 conditi ons whereby

to generate synthesis gas conprising hydrogen and

carbon nonoxide at a H2: COnole ratio range of 1:1

to 6:1; and feeding synthesis gas generated by the

e refo nto a Fischer-Tropsch ty
condif ST F AR o £ U eRisco @b omprinia tydrageniad carbon
monopdechtczeel CB mdigeatis @é?@g?éoﬂfl TlPsA, hagwherein the

dr.oge opt ai ned di verting a' portion of
Il}é H&eﬁyrggﬁﬁpaﬂ%gdg??%@%EY§|9ﬁ§g%¥T’S’ngfdi@anef¢rmmg into a
Flsch@L'thdp)échﬂyﬁé redéor Ehﬁepééﬁﬁﬁéngmr{érébg‘gﬁﬁuﬁ@% 1%] Rh DSuced.

hydrogen Is obtained by diverting a on 0
s¥nthe5|s g lurry water, w thout separation

he, PERCSsSTO afS‘?'?'SW @@Wﬂﬂﬁb@uwdg@@en issobtainecby déssting a
portlom)fof blyardgeklsEamid$irBeh ereaékﬁ{tﬁéélg rabgatseféﬁhpesﬁ@rg W&t

fromthe Fischer-Tropsch type r
14. F‘ asifi at| on reaction and/ or steam nethane
ri ﬁ‘aS§ e gllalern12 wherein the hydrogen is obtained by diverting a

portion of the synthesis gas to the slurry water, without separation of hydrogen
from the synthesis gas.

15.  The process of claim 12 comprising transferring exothermic heat from the

Fischer-Tropsch type reaction to the hydro-gasification reaction and/or steam
methane reforming reaction. |



