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production of petrol eum based fuels are being depl eted, dependency on
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fuels, in par ean burning sy etic diesel fuels, are devel oped.
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pol lution unle stri 0ds_of exhau m ssion control are used. A
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requi res eigACKGROUND O PHEUNMENTION existing petrol eum based fuels or
the discovery of new methods for power production or fuel synthesis from

unused materials. There are many sources avail able, derived fromeither
renevabPe HELR @FJHEINYENTION
The field of the invention is the synthesis of transportation fuel from

carbonaceous feed stocks.
DESCRIPTION OF RELATED ART

There is a need to identify new sources of chemical energy and

15 methods for its conversion into alternative transportation fuels, driven by many
concerns including environmental, health, safety issues, and the inevitable
future scarcity of petroleum-based fuel supplies. The number of internal
combustion engine fueled vehicles worldwide continues to grow, particularly in
the midrange of developing countries. The worldwide vehicle population

20 outside the U.S., which mainly uses diesel fuel, is growing faster than inside
the U.S. This situation may change as more fuel-efficient vehicles, using
hybrid and/or diesel engine téchnologies, are introduced to reduce both fuel
consumption and overall emissions. Since the resources for the production
of petroleum-based fuels are being depleted, dependency on petroleum will

25  become a major problem unless non-petroleum alternative fuels, in particular
clean-burning synthetic diesel fuels, are developed. Moreover, normal

combustion of petroleum-based fuels in conventional engines can cause



carbonaceous materials. Utilizing carbonaceous waste to produce synthetic
fuels is an economcally viable nethod since the input feed stock is

al ready 1Woossedsdered of little val ue, discarded as wast epcansoslozpgosal is
often polluting. VLiquid transportation fuels have inherent advantages over
gaseous fuels, having higher energy densities than gaseous fuels at the
sane pressure and tenperature. Liquid fuels can be stored at atnospheric
or | ow pressures whereas to achieve liquid fuel energy densities, a
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California tops the nation in the 10 use and deve| olp off sea/F ?it
bi omass ut cpneemiipihe 8 6f bgke ©r spddan yietkre. The dist bition S liquid fuels

is much easier than gaseous fuels, using simple pumps and pipelines. The
liquid fueling infrastructure of the existing transportation sector ensures easy
integration into the existing market of any production of clean-burning

20 synthetic liquid transportation fuels.

The availability of clean-burning liquid transportation fuels is a national
priority. Producing synthesis gases cleanly and efficiently from carbonaceous
sources, that can be subjected to a Fischer-Tropsch process to produce clean
and valuable synthetic gasoline and diesel fuels, will benefit both the

25  transportation sector and the health of society. Such a process allows for the
application of current state-of-art engine exhaust after-treatment methods for
NO, 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

30 s the case in ordinary stocks of petroleum derived diesel fuel, reducing the
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in California, nore than 45 mllion tons of municipal solid waste is

di scarded for treatnent by waste nmanagenent facilities. Approxinmately half
this wastwooafessiup in landfills. . For exanple, in just Pog/URIyVes? de
County, California area, it is estimated that about 4000 tons of waste
wood are di sposed of per 15 day. According to other estinmates, over 100, 000
tons of bionass per day are dunped into landfills in the R verside County
collection area. This municipal waste conprises about 30% waste paper or
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wood, paper wast e carbonaceous conponents of this
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conversion i n | city. Using fuels fromrenewabl e bi omass sources can
actual |y dendewenﬂarwflllaet Eomxamaiel iprjust thgrRivaisiles SoyaleGaliomia as car bon
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war m ng. | dumﬁedf intaleadfilhinsibe I%vermde County collection area. Thls?numm%al
waste comprises about 30% waste paper or cardboard, 40% organic (green
and food) waste, and 30% combinations of wood, paper, plastic and metal
waste. The carbonaceous components of this waste material have chemical
20 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
25  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

30 of the lowered cost of disposal.



co- production processes could provide clean-burning fuels for a renewabl e
15 fuel econony that could be sustained continuously. A nunber of processes
exi st to wormsdsitoal and ot her carbonaceous nmaterials t@ceiusasedasy ni ng
transportation fuels, but they tend to be too expensive to conpete on the
mar ket wi th petrol eumbased fuels, or they produce volatile fuels, such as
nmet hanol and et hanol that have vapor 20 pressure values too high for use in
hi gh pollution areas, such as the Southern California air-basin, wthout
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met hods 30 for the synthesis of functi. [V 3 ative fuels
obt ai ned ﬁ?@&?or@%%)ﬁé@f0@6@?'?Otlgé)'\%gdgfgb@#%gﬁengg%g%%ﬁoﬁet hods t hat
are not i nediRRrdied Mite eld@rigifyoduction of synthetic liquid fuels from
carbonaceous materials such 'as waste organic naterials is one way to solve

t hese problenms. The utilization of carbonaceous waste %PE%“ als to produce
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consi dere ten it's disposal creates

addi t ifonal preeidinesleah, efficient energysfor rahsparitation. SUWMARtheopTingHEall NVENTI ON The
present inventjon nakes use of steam pyrolysis. hydro-gasifi j 10 and
st eam r ef OPeRAAItS @E%Q‘@F@Q%‘OBr@d%gﬁeo\t"g%ﬂ'%ﬁ@%erHig‘(oﬂ?i %Céaqgrégé fSgﬂﬁt\/er t ed
into a syntghisfoRdeé afdibrable frifsportitRhaTiabhbildreiuese] theusfectaibt hough
synthetic gasolines and jet propulsion fuels can al so be made, using a
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A number of processes exist to convert coal and other carbonaceous
materials to clean-burning transportation fuels, but they tend to be too
expensive to compete on the market with petroleum-based fuels, or they
produce volatile fuels, such as methanol and ethanol that have vapor

20  pressure 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

25 demonstrated carbon conversion efficiency of >85% in bench-scale

demonstrations.

The need to identify new resources and methods for the production of
transportation fuels requires not only investigating improvements in ways to
produce current petroleum-based fuels but also research into new methods

30 for the synthesis of functionally equivalent alternative fuels obtained using
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synthesis of clean-burning liquid transportation fuels, thermal process
energy and electric power generation fromfeeds of coal, or other

car bonacewos/oe@teri als, and liquid water. It enabl es a umCqusosiessyn,
efficiency of operation 20 and conprehensive anal ysis of coal, or any other
carbonaceous feed materials to co-produced fuel, power and heat systens.
The invention provides a process and apparatus for producing a synthesis
gas for use as a gaseous fuel or as feed into a Fischer-Tropsch reactor to

produce a 1eGiirgedand idifibds ik are hSPM%s’éjto\ﬂ%ygWg}?rﬁoéﬁ&ﬁ%f%ﬁs){?ﬂ%ﬁc in 25 a

substantiallTy s sustal ni ng process. A slur particles of
car bonaceoliguidrfaesrirarh carspeicdeds mmateiigjsistichasenastamigayidmogjeriaksrism an

internal source, are fed into st eam generat or. far rol ysis.and

hydr o- gasi PNEAYF%IR ?cé‘é% eﬂﬂ%‘%m%gﬂ%@gﬁ%@%&éﬁv’ ngﬁ‘@ﬁ%d st eam
met hane, Cﬁﬁé%eﬂa@gepr&ﬁm@r@nﬂ@é&omelmﬁé@@nﬁaéréapmﬁtﬂe Méolied into a
steam ref ornmer under conditions 30 whereby synthesis gas conpri sing

primariby obtdiyidgogenresodrassrioofuel prasialienchsslthepaaiersb a3tk isnonoxi de
are generated. Using.a hydrogen separ.ation_fil 5o, L,f jon, a
portion of arﬁad%%?%s%'}?‘%é%ﬁ?e‘ﬁﬁ'ﬁ%tﬂ{?ﬁ%?Bﬁr??‘géf"‘o %BH%‘@ Cfé%%l%nto t he
hydro- gasifikBhhPsoUrees bPéndforinientaygbiRgien. from an i nternal source. The
remai ning synthesis gas generated by the steamreforner is either used as

fuel for a 5 gaseous fuel ed enlﬁi ne or gas turbine to produce electricity
and pr oces SUMMARY QF THEINVENTION Fi scher- Tropsch fuel synthesis reactor
under conditions to produce a liquid fuel, and recycled water. The correct

stol chiometf| ¢ el Re8lnt ifVEHiRAGHakEs G8E B StedfBYiofid] B/?F(%’-E%ifi&&l‘?oﬂ nto the

Fi scher - Tropsch synthesis reactor, 1S con e water to
car bom@ at andistearecformer seantérs. to Fhodde ersysthasid gapthahcandeed to transfer

heat fromthe exothermc I 0- sification reactor nd fromthe

exot her ni ¢ RNY '-n%? apsé'EH'YeS‘QM m,ﬁupﬁ(ﬁ)ﬁ?%ratﬁna £?§é|§?%da@%%gq o the
endot her m gy S{HRANGASHRIE 4Hd feP braplISibl Siisls 2B didtebe PhiaRiNUsRIgPs Mer react or
vessels. In particular, the present inventi onogrow des the follow ng

features. Fschey-Tropsaheparafipipbantiesis seaciehondrrastivelirethersyathasied syst em
R 3 N e T e
st age, 15t egjtaaieTAS PFededit inhtbl Proviaas domisrehegsise feqailibriam tinerimo-

chemical analyses for a general class of co-production processes for the

synthesis of clean-burning liquid transportation fuels, thermal process energy

and electric power generation from feeds of coal, or other carbonaceous

materials, and liquid water. It enables a unique design, efficiency of operation

20 and comprehensive analysis of coal, or any other carbonaceous feed

materials to co-produced fuel, power and heat systems.

The invention provides a process and apparatus for producing a
synthesis gas for use as a gaseous fuel or as feed into a Fischer-Tropsch
reactor to produce a liquid paraffinic fuel, recycled water and sensible heat, in

25 a substantially self-sustaining process. A slurry of particles of carbonaceous
material suspended in liquid water, and hydrogen from an internal source, are
fed into a steam generator for pyrolysis and hydro-gasification reactor under
conditions whereby super-heated steam, methane, carbon dioxide and carbon
monoxide are generated and fed into a steam reformer under conditions

30 whereby synthesis gas comprising primarily of hydrogen and carbon
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20 3) A steamrefornmer as a second stage reactor to produce hydrogen rich
synthesis gas fromthe output of the first stage steam generator for

pyr ol ysi swared/obgsdt o- gasi fication unit. The nolal steam toPCarisos0348ei o i s
mai nt ai ned as ‘necessary to bring the chem cal reactions close to -
equilibrium 4) Either (a) a Fischer-Tropsch (synthesis gas-to-liquid) fuel
25 synthesizer as a third and final stage reactor to convert the synthesis
gas from the steamreforner into a sulfur-free clean-burning liquid
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' i | f- i pabl hi | for additional
Fuets o dhisiebiaadiyaoiioese Ll sviletls o PBer Botidie 8571 o e
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ether (a fuel simlar to propane, that can be used as a transportation
fuel in dilyssoganteagibessnanexidamalesuesiad inf theyhiseBersT rapsehdylde hydr ogen

a fuel that .c I { [ [ | &4 to
Femove carBBN G % PG BE fd Btontb RaRin i he fifd SEERS-

vel | a9 engobeh salt foupshasi sedas emnsfarrheat fiométe exathermpiowsdreonver si on and
el ectric power production. The fundanental, E%\‘/:gnt g.?es f this.tj nvgptio_n,
over what mﬂcai@nar@ﬁpf@oM%frmtﬁet%@"ﬁlﬁfmﬁ? er- %QSng?aefﬁé#dgﬂu ficient
>859% net te) ; H?@é | naceous
geed /()stockfngglgr{)grBégéej%t&tggﬁ%%@@%bﬂﬁlﬁéété?va er?@[rﬁtgfr?ar ygﬁlygﬁgarﬁf;%‘%ggen gas as

t he sol e isteamateforgnerreactoanessals contradi stinction to partial oxidative
gasification usually requiring an additional energy intensive air

separation systemt royi de the, necessary . - ically
sel f - sust ai ned IBMQ‘E&BH\{IIB? Preent ,r}vgpﬁg[[l Qé%"'ﬁ‘g%ﬁ?%ﬁg‘?"ﬂ(g?g? ﬁ'@%g']r eactor by
f eedi ng- back surplus hydrogen gas produced in the second stage nethane

st eamqisef or mer T)eact Qigeneeal peRstsgysaidf darbendcenust hetsrial fezfd sylstem-thatr ni ng
transportation fuels using the effluent gases from th? ref ormer,
a

t
such as: (¢an pesept@rbitrancermbinatiansef ¢ealaUrb@n 3N g ti”?%' a&}nass,

and municipal solid waste for hydro-gasification.

2) A first stage, steam generator for pyrolysis and hydro-

gasification unit.

20 3) A steam reformer as a second stage reactor to produce
hydrogen rich synthesis gas from the output of the first stage steam generator
for pyrolysis and hydro-gasification unit. The molal steam to carbon ratio is

maintained as necessary to bring the chemical reactions close to equilibrium;

4) Either (a) a Fischer-Tropsch (synthesis gas-to-liquid) fuel
25 synthesizer as a third and final stage reactor to convert the synthesis gas from
the steam reformer into a sulfur-free clean-burning liquid transportation fuel,
and recycled water or (b) use of generated synthesis gas as fuel for process

heat and/or in a fuel engine or gas turbine that can generate electricity;



25 Tropsch fuel synthesis reactor, (ii) dinmethyl ether synthesis using a
third stage synthesis reactor, and (iii) hydrogen production using a

hydr ogen wepanetsipn and/or purification filter w thout tReTNSes05489 a
third stage fuel synthesis reactor; (d) thermally self-sustained operation
of all reactors by effective managenent of thermal and chem cal energy
usi ng conbi nations of nolten 30 salt or water/steam heat transfer fl uids,
conmbusti on of product energetic gases to start and naintain process

temperatures, refoverfildiarRssufikbaltboeds MAGRILMEBhArHIETIIS03/ 03480
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conversion into. condensed phase co ds. usi. vent i : ol ogi es.
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to i nprovepjdieoo¥aealdl epbfdycsqitess oTheneadsr vbnfiguratibmncamalsoasdonaceous

mat erial conversion in a co-production plant for synthetjic fuels, chemcals

and ener ggptimerAEer thesardpTianobrtersymhalie fisds susliras dimethy therdadi agr am
howi th Aal | del i f | Pe)a =1 2 i
ar aph Shonus S go PRAAe, Sudk el e PeFT 8 o resppebBh e p iR ©, £ ° 0

800' C and @Agint&antyddRBrbifegdrel Gaseous foebgriadeouirogera (fudl theft c8hi4/ C f eed

ratio vs. H2/C andH20/C ratios at 8000C and, 30 atm in HPR 20 Figure 4 is
a graph shbaiusgdn pnginesrandoprizines<and ik PHENRE 10 [Neve GAIPAPIPeNPd®o sat

8000C and t | a1l ' L Agiid sDhPlesfadses C feed
rati o vs. a«gF‘ gaerrqédc ﬂ%ﬁc ar'lgp ?@@eaaﬁjéésﬁlﬁcgg%%%qg&n@gyﬁSEPR; SFiggur e 6is a
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CO02/H ration the hydro-gasifier reactor (HGR) at fixed feed of 2.629 noles

of K2 and 0. 06517'hg?tljr$<fan%nt|g?gd\9§r§taggé 5f {ﬁfls ﬁ%;vention, over what was

15  achievable with the prior art, are: (a) energy efficient (>85%) methane
production from the available carbon in the carbonaceous feed stock using
steam pyrolysis to activate the carbon and hydrogen gas as the sole initiating
reactant, in contradistinction to partial oxidative gasification usually requiring
an additional energy intensive air separation system to provide the necessary

20 oxygen; (b) chemically self-sustained operation of the first stage hydro-
gasification reactor by feeding-back surplus hydrogen gas produced in the
second stage methane steam reformer reactor; (c) energy efficient synthesis
of clean-burning transportation fuels using the effluent gases from the steam
reformer, such as: (i) paraffinic compounds using a third stage Fischer-

25  Tropsch fuel synthesis reactor, (ii) dimethyl ether synthesis using a third stage
synthesis reactor, and (jii) hydrogen production using a hydrogen separation
and/or purification filter without the need for a third stage fuel synthesis
reactor; (d) thermally self-sustained operation of all reactors by effective
management of thermal and chemical energy using combinations of molten

30 salt or water/steam heat transfer fluids, combustion of product energetic

gases to start and maintain process temperatures, recovered process heat for



8 WD 03/066517 PCT/US03/03489 Figure 7 is a graph show ng the effect of
Tenperature and Pressure conditions on CH4/Hratio in the HGR at fixed
feed of 2w029/0ewshes of H2 and 0. 0657 nol es of H20 per nolP€TAfS0&H34B9 gure 8
is a graph showing the effect of Tenperature and Pressure 5 conditions on
H2/C ratio in the HGR at fixed feed of 2.629 noles of H2 and 0.0657 nol es
of H20 per nole of C Figure 9 is a graph show ng the effect of Tenperature
and Pressure conditions on COHin the HCR at fixed feed of 2.629 noles of
H2 and O. 7 0 ; | & [ iliOn4 h show ng
the eff ecttﬂgf %@Eﬁ%ﬁﬁ%&'gﬁoﬁhﬁgﬁég%heﬁgf grfrgrgég%lisig%ﬁgglrs %?prrance

nmeasur e byextbmahehelddy/s00reex; i(e) sipnificartly reducgd|ainhgrieemisaionsdroaxall  0oooC

d 30 at Fi 11 i h show th ff i the i t
[0/ Gt arnsIesPpIRCB SR RO B PV i 55 O SloeR R, 6 00¢ and 30
15 Fi i b d

atm %cﬂ'l('hf) ieﬁ%o'&e@@é%%ﬁ!pﬁé@ﬂa‘ﬂ@d bbmbgfg%&?gqsglfgllﬁﬁﬁb%m ran

Pressure c ons on atiroin the S nol es of H20/ Mol e of C
added 60 ihbimeBRRN) ofthpucarbbBaceous igedgnatshials; agdithihecabililytto 68PttERper at ur e

and Pressure conditions on. Cratio | i f H20/ MO e
of C addeoeil%as%‘stq?ég@bﬁﬁqx'q%%@f"gnqﬁo&sﬁ@Cé%]sgber%;%ré%’5&9}”\%‘6&%’%3&/&5s Fl ow

Schemati ¢ QiniRbQEB8S coMiiisorddsi $édqaistratioh @ndiuratienticalrcopkefsiat nto - Tr opsch
paraffin f eq s; Figure 15 is a diagram show ng the Ml al Flow Schematic of

; 1 ng
Bi omass HyahdengadiphiasacoopoupdspsheenvantionalfesBRaPgitSopsch paraffin
fuels; 25 Figure 16 is a diagram show ng the Thernmal Energy Managenent

Schematic of Bi S r.Q- ik i peligd fihEl it ropsch
paraffin fuel S?%%Sggg@ahé@Bg% %@{qugé Fi g(lsjllrS g{bl\[% tihg %ﬁg?g@;{am
showi ng t he Wrevé Biccavarkll efficRatmnaitanergy ullizatias JoHyarbongeedys cat i on for
production of Fischer-Tropsch paraffin fuels; Fjqur 8 is. a diagram
showi ng MoMetsiiabsPversiaR | cﬁw‘éﬁ’fﬁ’ﬁ’cﬁ’%@n Fﬁ?@r@%@"ﬁb %Fugfi\ iqllegﬂ?%ﬁ or
producti Oner‘?érgg.i scher-Tropsch paraffin fuels;

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flow diagram showing the overall modeling of the present

15 invention;

Figure 2 is a graph showing a plot of carbon conversion vs. Hz /C and

H,O/C ratios at 800°C and 30 atm. in HPR,

Figure 3 is a graph showing a plot of CH4/C feed ratio vs. H./C
andH,O/C ratios at 800°C and 30 atm. in HPR;

20 Figure 4 is a graph showing a plot of CO2/C feed ratio vs. Hz/C
andH,O/C ratio sat 800°C and 30 atm. in HPR;

Figure 5 is a graph showing a plot of CO/ C feed ratio vs. Hz/Cand
H,O/C ratios at 800°C and 30 atm. in HPR;

Figure 6 is a graph showing the effects of Temperature and Pressure
25  conditions on CO,/H ration the hydro-gasifier reactor (HGR) at fixed feed of
2.629 moles of Hy and 0.0657 moles of H20 per mole of C;



5 Figure 19 is a diagram showi ng Mass Fl ow Schematic of Bi onass

Hydr o-gasification for production of dinethyl ether; Figure 20 is a diagram
show ng Myba3Bbe@w Schemati ¢ of Bi onass Hydro-gasificati oCirarsopozdauct i on

of dinmethyl ether; Figure 21 is a diagram show ng Thermal Energy Managenent
10 Schematic of Bi omass Hydro-gasification for production of dinethyl

ether; Figure 22 is a diagram show ng Water/ Steam Fl ow Schemati ¢ of

Bi omass Hydr o- gasifi cation for production of dinethyl ether; Figure 23 is a

di agram show nge dé?”s ﬁﬁr&pl’f%ﬁ&‘w hﬂ@véﬁe@:t of TeRiperatars AhvdPregast i cati on
for production o et her ure 24 is _a diagram showi ng Mass

Fl ow Sc herm:ndttlcm‘s @i Orhds raﬁﬂymlrtbeg"&@Rfat %ﬁﬂcfﬁe(ﬂ of 2§28quetesst Hranghseous

hydr ogen fug%3 ure E? is a d|| a m showi ng Mol e Fl ow Schemati c of

Bi onass 57 P?loé Pperigole uctl on of gaseous hydrogen fuel ; Figure
26 is a d| agram shovm ng Ther mal Ener gy Managenment 20 Schematic of Bi onmass

Hydr o- gasi fi catFigiird 8fis arg?éplﬁbh@snmfth@aa‘m& medprMtJre fnePresswere 27 is a
di agram show ng ter/ Steam Fl ow Schemati ¢ of omass Hydro-gasjfication
for pr&ductongitiafs gabb&lﬁatﬁyldrfbgé‘rﬁﬁilﬁélﬁxed If*P@QJPEZ $29; rgolgs(gfgb showi ng

Mol ten Sal he C mass Hydro-gasification for production
of gaseous 6955?&6§§3wap%“é\%‘gls(?oawﬂ PCT/ US03/ 03489 Figure 29 is a
di agram showi ng Mass Fl ow Schematic of Bi omass Hydro-gasification for
production of eFigate Dd$ b;graﬁln ghowirgptheseftectiohdeapesaiorg apd m@we ow

Schemati c of Bi onmass i ctricity; 5
Figure 31 ‘F%”%“Qﬂ%‘@'?&%ﬁ %y%@ﬁﬁéﬁgg%%%&?@%ﬁ élﬁgr‘ﬁfﬂ ematic of

Bi omass Hy, ction of electricity; Figure 32 is a
di agram shgagggmétée@aﬁ%@ r%?lgrlﬁoéﬁvbggerratl c of Biomass Hydro-gasification

for production of electricity, Figure 33 is a_di agram show ng Mlten Salt
Fl ow Sthematic BIgura()OEB‘B argiggh Bhawinggthe affeshof bwul 6Offr 6@‘1}2:?5‘ Steasn

hyar o- gasi emRen o TordlEs rbale R AR FEPCREERILR on using an

adi abat i ¢ fdecpiyfcr the HGR at 1000°C and 30 atm;

Figure 11 is a graph showing the effect of changing the input H.O/C
ratio on SPR products, CO, CO; and CHj4 in the SPR at 1000°C and 30 atm;

15 Figure 12 is a graph showing the effect of Temperature and Pressure
conditions on Ho/CO ratio in the SPR (2.76 moles of HO/mole of C added to
the SPR);

Figure 13 is a graph showing the effect of Temperature and Pressure
~ conditions on CH./C ratio in the SPR (2.76 moles of H,O/mole of C added to
20 the SPR);

Figure 14 is a diagram showing the Mass Flow Schematic of Biomass

Hydro-gassification for production of Fischer-Tropsch paraffin fuels;

Figure 15 is a diagram showing the Molal Flow Schematic of Biomass

Hydro-gasification for production of Fischer-Tropsch paraffin fuels;

25 Figure 16 is a diagram showing the Thermal Energy Management
Schematic of Biomass Hydro-gasification for production of Fischer-Tropsch

paraffin fuels;



water feed; Figure 35 is a nolal flow schematic of bionmass

hydr o-gasi fication for 15 Fischer-Tropsch paraffin fuel production using
an adi abawoosiERiand a 9:1 water feed; Figure 36 is a theCraiSI®masyy
managenent schematic of biomass hydro-gasification for Fischer-Traopsch
paraffin fuel production using an adiabatic HGR and a 9:1 water feed; 20
Figure 37 is a water/steam fl ow schenmati c of bionass hydro- gasification
for Fischer-Tropsch paraffin fuel production using an adiabatic HGR and a
9:1 water feed g i35 dviiflg B W Atb OBtk T iSehemaib @ass

hydr o- gasi fi catﬁ'g#‘\%ﬂg}é idlisa?r@w[gﬂ op@%h par af ?i n fuel production using an
adi abat i ¢ BienRassrdydroQakificzfiondorgprotieetinn aflFigche3T @pssh pardin isds; 03489
DETAI LED DESCRI PTI ON OF THE | NVENTI ON A st eam generator for pyrolysis,

hydr o-gasi fication reactor, (HGR) and m [ f r (SPR) (al so
called a steam%QPEﬁ igﬁ:ardéa(fﬂ{?ds,‘hoﬂ'%%ﬁoq%@f%glirgp%$%géﬁgﬁ{;rggact or) such as
used in a FFI#H}S sifffaYioR $orusrotiLéwsh &f FrecheTepRch barafintiesi s gas
(syngas) t rgr%{gsﬁ S ea%sapyrol ySi srué)f the feed stock, hydro-gasification and

steamreform ng reactions. The reactions start in the HGR to convert
carbon5in the drigbne évadiagiameshawing Massetirunacherpatic ot BIOMass gas and

conti nue through the SP 3 S, as with the correct
hydr ogen Aﬂ)ﬁ"or{?g‘-?%%"ﬂcaﬁﬁﬂﬁ?f g%@?ﬁ%ﬁféﬁﬁtﬁ@ tﬁ?geffi cient operation of 10

the Fi scher-Tropsch process. Wth the Fischer-Tropsch process as the final
step in processFiggre 20 (slacisgramcshoreng Yudle dlow Spheotaticegf Bigmaket i ¢ di esel
fuel and recycled water can e,groﬂacec{ Tf}ﬁ f eedstock requirenent is

50 Gheingthylostng

hi ghl y f1 esydioegasifigafionderRr [*f f erent carbonaceous
materials can be wet mlled to forma water slurry 15 that can be fed at

high pressure iﬁpﬂr@ﬁ‘i@éf@ié@%m MHRling Tr@roapERbfgyaViapagermbaam r ef or mer
reactors for synthesis gas production. The feed to water nmass ratio can

even vidry Schemati¢c bEBiomassigydio-gasifigatiopdesproguciion ok disigtaugihest t he
chem cal content of the feed, to nmaintain the carbon-hydrogen

stiochionetry rl?@ﬁ'{%??éé §rqi%@,?ﬁgéﬂﬁiéméﬁé@%?gﬁtFﬂg@i %cl*l?—:{)rﬁ%t Sr Appropriate

20 car bonaceous ural “gas, petrol eum
coke, Biomass Hydro-gasification for production of dimethyi ether;

Figure 23 is a diagram showing Molten Salt Flow Schematic of

Biomass Hydro-gasification for production of dimethyl ether;

15 Figure 24 is a diagram showing Mass Flow Schematic of Biomass

Hydro-gasification for production of gaseous hydrogen fuel;

Figure 25 is a diagram showing Mole Flow Schematic of Biomass

Hydro-gasification for production of gaseous hydrogen fuel;

Figure 26 is a diagram showing Thermal Energy Management
20 Schematic of Biomass Hydro-gasification for production of gaseous hydrogen

fuel;

Figure 27 is a diagram showing Water/Steam Flow Schematic of

Biomass Hydro-gasification for production of gaseous hydrogen fuel;

Figure 28 is a diagram showing Molten Salt Flow Schematic of

25 Biomass Hydro-gasification for production of gaseous hydrogen fuel;

10



coal, petrochem cal and refinery by-products and wastes, plastics, tires,
sewage sl udge and ot her organic wastes. For exanple, wood is an exanple of
wast e bi owas/oe@terial that is readily available in R ver PCaAaSCyWIBY,
California. This particular waste stream could be augnented wi th other 25
carbonaceous materials, such as green waste and biosolids fromwater
treatnent that are available in Riverside County, and would otherwi se go to
landfill. Wen used to make a transportation fuel, such as diesel fuel, the
process is desi [ggﬁle i i iN@ivmassint of 30

Fi scher-Tr opschp ar a??ilﬁggdlgé%m%tﬁ&?e (J?Jrése%r.ﬁ@f\gbgggwgd out put consi sts of
a 12 WO OBlydfsgasifiedion 80 predsdion dfiefgatricityydr ocar bon, such as cet ane,
C16H34, within the carbon nunber range, 12 to 20, suitable as a diesel

fuel . EX hesi,s . . f h P i L " chem cal
el Excess, RIS D SR AR DR To srhafateg! SHOBLEL Chomhee
used as anigRes-gasifisatidtefor pRodubilion dFastedticiy; ne for 5 'electricity

production. "The synthesi s gas output after recycling enough hydrogen to
sustain the hydro-gasifier, may be used for this purpose also, depending

on the Meeds of Figwse 3ds a dingranashewinggThareial €8erdy Menaeamest  naxi ni zi ng
the econom ic @l j §, Q4 A Gonver si on of

car bonacegjg’gh taglrgitogﬁéor%éggl—l&g&pé&ﬁ?@#ﬁp@;?gﬁ%lo E’effei&éﬁ @20 i ncl usi ve of
the possibility for direct electric power production through a gas turbine

conbi ned cycl e. Figure BRrid aatipgran showingaiaterSteani Flaw Schembtaateous wast es,

their chem cal conpositi.gon and. perform further .analysis on the practi cal
need for BIRIMAFD gg@.‘gﬁ@ﬁ%t'%fﬁgIpr‘?‘ﬁ’é:t'f)ﬂﬁ(‘;?r%'i‘c'&eacti ons within the
process consisting of the steam generator for pyrolysis, hydro-gasifier,

steam ref or mer, FRyifle BRAs JFdiaghRen shoRRgANolon SeltrFowfStHematiy bfesi s) react or
on a continuous flowthrough™ basis. This maY be done by optim zing the

Fi schet0 Tr Biyoasg bydis-gasificatisin fos predustiph &f placdideitt ock for the opti mum
stoichionetric hydrogen to carbon 20 nonoxide nole ratio for fuel to be

synthesized. 3) el A A mBEO ABW LrBARK Yr bidtabs RyaRegasiticutioniat n and
prepare the input®naterral requrred, capital costs,” operating and
mai nt enanc Ejschand rgpsetiusdraffinefudl productiern asing an adiabatic HGR and a 9:1

water feed;

Figure 35 is a molal flow schematic of biomass hydro-gasification for
15  Fischer-Tropsch paraffin fuel production using an adiabatic HGR and a 9:1

water feed;

Figure 36 is a thermal energy management schematic of biomass
hydro-gasification for Fischer-Tropsch paraffin fuel production using an
adiabatic HGR and a 9:1 water feed,;

20 Figure 37 is a water/steam flow schematic of biomass hydro-
gasification for Fischer-Tropsch paraffin fuel production using an adiabatic
HGR and a 9:1 water feed;

Figure 38 is a molten salt flow schematic of biomass hydro-gasification
for Fischer-Tropsch paraffin fuel production using an adiabatic HGR and a 9:1

25 water feed.
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Specific inplenentations are given below in conjunction with flow 25 charts
provided in the Figures, denonstrating the conversion of waste wood, as

t he candiwetod/e@tbhonaceous material, to a liquid diesel tPemgos0389 on
fuel, recycled water and an alternative power source, via a

Fi scher. 7Tropsch process |linked to a gas turbine conbined cycle. 13 WO
03/ 066517 PCT/ US03/ 03489 The therno-chernical conversion of carbonaceous
materials occurs by two main processes: hydro-gasification and steam

reformation with ste3gyApER!nESERIPTION GPTHE RRKERTRONT i ng wi thin the
steam generator to pr gactivare € carbon cont ai ned
therein. The hy sgeglﬂ ﬁfjrfe%to?fé bl‘&/@% ggﬂot@&fuﬁnohh%a%r%mdend

car bonaceous wa rogen In a vessel

t enper at ur gteand Wo%ﬁmré&)rmml(SPR)r(alaoaqaﬂedfau sieannrnyreiybmraawtor: a‘t@am
approxi matel y 38 at nospheres and 1000 d&l%kaj'? | si us. grm’ ng of
t he met hanéefpffﬁﬂr@ﬁtﬁﬁ@rﬁeaﬁ@g) PYUeIhas Hee Xy PéQﬁﬁslse@ay @fﬁe Xi mat e
pressur FRRgH&bamUsyrofBid\ertaegeser al |y,
each pr%cessagggjtc ﬁ@@ tﬁ%is%gﬁja&@%ggtggprper ature rarllﬁ ﬂe’@’of about 700 to
1200 degreeﬁ)cﬁehydmsgasmaoprmwsﬁeamfefmng reactionss h%ﬂﬁﬁ'@ﬁ@'ﬁféﬁ’@ﬁ Lower

L?”ESL?E‘J o HEB 6 aver el i TR FarbpadPaus TRRREF Dtq BHyEhaltbin, 1¢ 1oC
overall flgp ﬁj@g%mana%nﬂhdeﬁhu@hﬁhlﬁeWt@brdaru@@@amgmgaswhrtyeout
t hese mai n' reacti rocesses is s specl fic anpunts for a arglcul ar

enbodi rrent carrect Imyctrhgem aodIcarm:gr mogmlochwnﬁth%@ﬁMe@tlﬁRﬁE@ 8

Pi d 11
choppotd ° e BiscBer o Arcart, Vil e TSR ropieh oBees ae t1Ofnal e 1 1)
t he recycl §fé¢/\ﬁt;ﬁbcé§su@g1q)r@aa@te®ucna@sryermeitoagdsanne symiketOdiedekfueh | i quid,

suspension slurry 16 that is transportabl e as a conpressed fluid by a punp
18 to a steadwrgeyfé%mﬁermwmpéoqqﬁ?@ slurry 16 is superheated and
pyrol yzed, followed by either separation of the steamin a steam separator

22 so that Stea"\“h%geé%éte&m&jm@nﬁéﬁtqs%égrﬂzyﬁéxm@ I0BAY s thapBoRsisl ng t hat

delivers the ense urry paste direct steam 25 pyrolysis
f eed throughdmepemtg:awon%wudena'enalwaryb@:wtteml”l@étp fosm awateresldinyect st eam

(7 om The didaan befeel sioh PEes g 0 gerapar abreh TvRry aro el ahdbed bel ow
and a fraclOiy @former reactors for synthesis gas production. The feed to water
mass ratio can even vary during the running of the process, with a knowledge
of the chemical content of the feed, to maintain the carbon-hydrogen
stiochiometry required for an optimized fuel synthesis process. Appropriate
20 carbonaceous materials include biomass, natural gas, oil, petroleum coke,
coal, petrochemical and refinery by-products and wastes, plastics, tires,
sewage sludge and other organic wastes. For example, wood is an example
of waste biomass material that is readily available in Riverside County,
California. This particular waste stream could be augmented with other
' 25  carbonaceous materials, such as green waste and biosolids from water

treatment that are available in Riverside County, and would otherwise go to
landfill.

When used to make a transportation fuel, such as diesel fuel, the
process is designed so that the feedstock makes the maximum amount of

30 Fischer-Tropsch paraffinic product required. The desired output consists of a

12



t he previously produced steamflow into the HGR 28 for the desired output.
30 The output gases consists |argely of nethane, hydrogen, carbon nonoxi de,
and superwbaawed1st eam The gases produced by the HGR 28 Ipeanses3/odies 14 WO
03/ 066517 PCT/ US03/ 03489 chanber and is punped over to the SPR 30. The
un-reacted residue (or ash) fromthe HGR is periodically renmoved fromthe
bottom of the reactor vessel wusing a double buffered | ock-hopper
arrangenent, that is conmonly used in conparable high pressure

gasi f1'cat i a3 yShEnd o RAd GorHBESHEl | Aith tewaMBbn RaMHef aandl. S 02

and al um na, trace anounts of nmetals. The input to the SPIR 30
i s del i ver ¢2 té eOnsEitathe as tahdieseldaeal. SEyeasstsynt®Bishgas putpiuh frosrthenBBRgh a

heat 34 d th 36, i he, H 28 t put .. pipi , t
o e gr o clatovBr cfRsFarnity Soot ik EREnebhopRal Bkt Ml "Sh R 20
to mtigat gaog]%%i(sr@m%ﬁégecarn%h@éd adh@ andrgetic ful B Rirphgasaaming fof 10

hydr ogen, he appropriate stiochionetry for the desired
hydr ocd boelettrigity prodinsivins Theswibesie gasiddeutaitesiecyaieg@noygh of the SPIR

30 is directed via piping,38 through. heat X Condensed
wat er 44 iﬁyfgfeasﬁ?éag%ﬁrgthﬁgﬁd}&ﬁ%ﬁb% %M&Wﬁ@ﬁ@ﬁ% élgﬁleat
exchanger gggehdifyioh theheedsxpansiaserd TThdfutloniniy prbvidesnsl evthadd eorgaseous
output of SPR 30 Ts then conveyed to a hydrogen separation filter 46. A

portion of maximing ihgeaconesis paterndid| frosuingRresemdayentiondniBes in this

enbodi nent, i ri Ll L %{%‘h at
exchanger ﬁ%n‘zﬁrgﬁﬁadf%gg%érfggﬁpnrgiré%tbflﬁrsité% ltjg:éamﬁaérﬁgp 5‘?@? In H%gs %‘:‘Eodi ment
from 200 dpgiedfe 6fthkl ssibiity orddifect efpotis pdeat pdadiyn #rdudklagas ed to the
20 HGR 28 as its hydrogen input. The hot effluent fromthe SPIR output is
cool ed bylyshieei GRINRIAEA GYFeheat exchangers 40 and 42, used to heat the
recycled hydrogen, and nake steamrespectively. The condensed water 44

| eaving the heﬂ exg { urgﬁi?nétéda%&bﬁLaﬁ@il&@%awodmﬂé%u%%s)@@é,%eﬁupply 12

for the slurry eed. neans, a f-sustaining process is obtained.
25 The f uetheyitshesimpogitioniand pasforoskuthies anslysisain theoprgsticalmseedeased on
the calorific value, the synthesis gas may go through a gas turbine

conbi ned &VUW@C?ﬁ? direct energy production or through a fuel synthesis
reactor (in this enbodinment, a Fischer-Tropsch process to produce a cl ean

di eselq14 uel and2)r ecjdesthsinggortant feactiomsdeitite thé plocess peasisting efibodi ment
of the invention, 30 the synthesis %as is directed through an %xpansi on
t urbi ne 48the siepar@gnrgrator for pyrolysis, hydro-gasifier, steam reformer, and the

Fischer-Tropsch (or other fuel synthesis) reactor on a continuous flow-through
basis. This may be done by optimizing the Fischer-Tropsch (or other fuel
synthesizer) feedstock for the optimum stoichiometric hydrogen to carbon

20 monoxide mole ratio for fuel to be synthesized.

3) Perform an economic analysis on the costs to obtain and
prepare the input material required, capital costs, operating and maintenance,

and product yield and costs.

Specific implementations are given below in conjunction with flow
25 charts provided in the Figures, demonstrating the conversion of waste wood,
as the candidate carbonaceous material, to a liquid diesel transportation fuel,
recycled water and an alternative power source, via a Fischer-Tropsch

process linked to a gas turbine combined cycle.

13



mechani cal energy by lowering the pressure of the gaseous feed into the 15
WO 03/ 066517 PCT/ US03/ 03489 Fi scher-Tropsch reactor 50. The nechani cal
power proaodadedsy7the |iquid state turbine, the Brayton aad/iRanbisse cycle
turbines can be used to provide power for internal slurry, water feed
punps, air conpressor, with the surplus exported via electricity
generation, see Tables 1 through 7. 5 Efficiency may be nmaxi m zed by

adj usting input and process paraneters. The bi omass/ coal varying-m xture

feed is synt hesﬁ‘éqhéﬂﬁé’cﬁﬁnﬁdééfrcbxvé%lcﬁtdéiﬂ Peﬁé@éod%"tﬁéfeeiélseéécefrsﬁ eam

separation the carbon to enratro w be appropriate for t
process. Ahgd malrsr pf@tmtseeeuwjroegaslfgﬂatlmataad steannunfqrmatlbyldwdhgmml er, the

st eam r ef or ner, to kee he 10 feed.in a viable slurry after steam
separ at i onpytqwsao t*tefaefiéﬁsv@cawrmg ig the SERAL Qpﬂﬁrqg%r%gorgc}fqa& dry feed

had many %&@andﬁ%}a‘?ﬁhé’ﬁaﬁb%ﬁcﬂdh%lﬁed #8reth. | THE hi/dh-dadiflerdr essur e,

and high tenperature reaction chanb his method of slurry feed has
aI r eadys be esqudsoars inpat eﬂtm‘mwelyleldedrbormceouamt@ dwydregaresigan, for the

"Hydr ot her mal  Treat ment i,ci pal SoI i d, 15 Fo Sol i ds
Slurries i Feartipg'3@ ‘ﬁsé?g @9/‘95 B ure apg preﬁ%fémighgégpgh%h
119685, pu rI4tend¥phicfs ahd@hooaidegre sLtBe‘terumre CA
in 1995. %b%ﬂﬁhtgﬁbd—t&#e@e@?éﬂdr%?at ed acig'?)hpubl?shed ongt hee maki ng and

operating Stearoabfonsing obthermgtheaedich Fuerh@arpirem thediGR algkfeauied al .

Fuel Processin Technol I ons of the
two main p?B aﬁ?/&?%‘ys&g% ESQ%E[ %151 %Q #‘ga{nq\dr eé%iﬁgﬁgb%%qg%e shown
here. e N@?egyﬂepandeabhr mb@mmad@beesedempera@re rahge-of CH4 (1)
C+2H20 CO + C02 + H2 CO + H20 (3) actlons nd 3 are

endot her ni ébowke tcbﬂ]ZQO ﬂ?%ﬂiﬁ@%‘%‘ﬁtqr@e@meﬁée abey 4f} 69/5ae the heat of
reaction f Emégﬂ?érbg.”ho& t?érat%?é’? é)‘? eQQaprr&ﬂﬁ:eHﬁ%fW r’elacf?@n needed

to bring t opera tenperature. Thus,
i ntended t eates witH ﬂteW@ﬁapmgpmteeeaumrBGatae@tSmns have started and
achi eve steady state. 16 WO 03/066517 PCT/ US03/ 03489

Referring to Figure 1, which is an overall flow diagram, the order of

15  general processes that carry out these main reaction processes is shown
(specific amounts for a particular embodiment are in the flow diagrams shown
in Figures 14 through 38). Piping is used to convey the materials through the
process. The feed 11 is chopped, milled or ground in a grinder 10 into small
particles, mixed with the recycled water 12 and placed in a receptacle or tank

20 14 as a liquid, suspension slurry 16 that is transportable as a compressed
fluid by a pump 18 to a steam generator 20 where the slurry 16 is
superheated and pyrolyzed, followed by either separation of the steam in a
steam separator 22 so that steam goes through piping 24 that is separate
from piping that delivers the pumped, dense slurry paste 26, or a direct steam

25 pyrolysis feed through piping 27.

The dense slurry paste feed 26, or the direct steam pyrolysis feed 27,
enters the HGR 28. Hydrogen from an internal source (from the steam
reformer via a hydrogen separation filter described below) and a fraction of
the previously produced steam flow into the HGR 28 for the desired output.

30 The output gases consists largely of methane, hydrogen, carbon monoxide,
and super-heated steam. The gases produced by the HGR 28 leaves the

14



The main purpose of the HGR process is to nmaxim ze the carbon conversion
fromthe feed stock into the energetic gases CH4 and CO. After this
process, Wodsoeesm? i s produced by reacting superheated ste&emwisosoidsy and
COwithin the SPR In the SPIR half the hydrogen is obtained fromthe 5
super heated steam and the remai nder fromthe CH4. The principle reactions
in the SPIR are considered to be: CH4 + H20 - CO + 3H2 (4) (C02 + H2 - CO +
H20- Q02 + H2 (5) 10 The steamreformng reactions (4 and 5) are often run

W th steam;poneepbhdid Baﬁ]pabéﬂ%'f ﬁé ﬂ}%“SPRCBU.“FHe URtrebBfedsidsidi (@FBERY Shown

above. This 1s done to avoid coke formation and to inprove conversion
ef fi ci ency frofththe HERiis periadically reomavadt fremitbe bodomsoktheyesploe vessal i n t he

formof the ., steamto-carbo le ratio (S t rati r._steam

nol ecul es Hé\ngﬁg‘a‘ét?lﬁM%rﬁ%ﬁ{q%g'm?@eﬁéﬁagggrgﬁ?ehﬁ’ﬁggb'fsgqoﬁm%ly\(ﬁ\%feg)'nr atio for
the SPR opgrphiale ingrPpRAsEFe §adficationdysteris CHe hbls i 6xputitéd @béavors the
water-gas shift reaction. ThiS reaction is only slightly exothermc (AH =

- 41 kJ/%ol eompdied lobgendrSiOz.tanst alvmiea, Al Withrikacens@pepérofdastaliad converts

carbon nogoxi.de .i.n dLOXi Wi | unwant ed
20 secondar eﬁ'é%%ﬁt?gﬁegﬁggégg,gf&%gd ﬁ@ﬁ%@%ﬁ%&%aa@%%gg?&%?gﬁionsurres
hydrogen: ©ing 82 throught¥heatti?84 (@M furtBér giping 86 WrtviantheeHGRIZBtougduter t he
two main reactors is a synthesis of g{as s . rich in hydrogen, .ca E’

nmonoxi de, RiRiNGtte MAfpvide greaterihan-theess fcaf peanmiricbe rﬁ’f‘%d’ﬂ@é’ﬂ?% ?:{]he SPR
I's recycl ed back. : : S of hydrogen

I s needed ?8 ﬁ@%ﬁp%}%\%?(ﬁ%ﬂg%%%gpy%m% %ﬁg@ﬁH%%rgﬁgﬁ%gl R processes,

t her ef 9 e, hydiogea, and CAewithl theoaperophiets stichionsetrg &rfthe desuedi ng. The

remai ning synthesis gas is then available fqor the production of fuels and
process hehydrocarkgn %@f@%ﬁ??‘srﬁﬁ?‘tﬁo@?%@ég beﬁ% present invention using
the Fi scher-Tropsch process can produce a zero-sul fur, ultrahigh cetane

val ue di esel -1 i kpeofaighytasidny GrrBLSs Brectklivia pibing BB Wkketigh helite absence of
sul fur enables low pollutant and particle enmitting diesel fuels to be

real i zed. Bxthangeredérand 42.condansed watardiA sssparatedrand eMaypddFdBuct s.
ne the SPR output, via a heat exchanger and liquid water expander 47. The non-

15  condensable gaseous output of SPR 30 is then conveyed to a hydrogen
separation filter 46. A portion of the hydrogen from the SPR output, about
one-half in this embodiment, is carried from the filter 46, passed through the
heat exchanger 40 with a resultant rise in its temperature (in the embodiment
from 220 degrees centigrade to 970 degrees Centigrade) and delivered to the

20 HGR 28 as its hydrogen input. The hot effluent from the SPR output is cooled
by passing through heat exchangers 40 and 42, used to heat the recycled
hydrogen, and make steam respectively. The condensed water 44 leaving the
heat exchanger 47 is recycled back to make the water supply 12 for the slurry

feed. By such means, a self-sustaining process is obtained.

25 The fuel synthesis gas is then used for one of two options. Based on
the calorific value, the synthesis gas may go through a gas turbine combined
cycle for direct energy production or through a fuel synthesis reactor (in this
embodiment, a Fischer-Tropsch process to produce a clean diesel fuel and
recycled water). In accordance with a specific embodiment of the invention,

30 the synthesis gas is directed through an expansion turbine 48, to recover

mechanical energy by lowering the pressure of the gaseous feed into the

15



useful by-product is purified water, which can be re-cycled to create the
slurry feed into the process. In a report by Rentech titled

"Fi scher -Woop®6ds17t echnol ogy" dated 1998 see Rentech web mpabiisozbisens at
hftp://ww. rentechinc.com Rentech states that the Fi scher-Tropsch process
10 with an iron catal yst makes about 7/1 O hs of a barrel of water per
barrel of Fischer-Tropsch products. A cobalt catalyzed Fi scher-Tropsch
process nmkes about 1.1 to 1.3 barrels of water for each barrel of

Fi scher-Tr gﬁégrfgé&m%éctoﬁ 58" efcSeBRAMBA! BdVast 6rb@ﬂce<f’8§;‘thé>fi?@ihe wat er

may be rec make steamin the steamreformer unit and for cooling
i n both t hetaig turbis, thelBraydsn and Rankiteecycle twbintessraepbefised o pravids |

Ryar ogen, BOWSLH. iR SOD) MR g snes oAt reso Ry e RE S Mlhsce ©

stripped o |8kthi REYGtIbRCYEd TabRsHNBFoligh Yhe HGR or the Fischer-
Tropsch regg?@frte.& R%yésnﬁlcig’ag?munts of ot her gases gsuch as CO and C02 20

may be flared off. Two main products of Fischer-Tropsch nmay be
charact®ri zed aEfficignaynoay bednaxigrieedey pgiusting WUt aRdIPEEP]) t o Rentech, in

the ab t, f ' [ ' oy :

Fi scher - Tr BREBRCSTbobue DRt chaerdlng R LS ; SihifgstzBlintoa
50/ 50. Fi sgher-by asding witedwhesebyraftaratedrhisepardtionehefcasbdrf tor, ni t r ogen,

ni ckel , vanadium asphaltenes, and aromatics that are tﬁpi C%IIy found in
crude oi | . hydwgendatie vdll Be @pareRste ga{éﬁggr%@%ﬁ- gﬁ?@‘f’%fﬁg &58% o0l efins with
very few  ghofih g&gé%%n%bg&rdlggéiﬁ&?g%}%aﬁ{ ref8i6 ahd%o keap theou! d

ot heryvi se requ urther se ratron an or processing 1 n order to be
usabl et @ndfgaditie ViableTslerrplaiensteant sspdration. Mirior ageatierapis adbiomases 30

substantially reduces har | em,ssions. 18 03/ 066517 PCT/ US03/ 03489

Cal i f or ni ach\ﬁ@rﬁ'qi?e%%w é%'g éB’aflefBSd F\‘E?n)éﬁé%q\p‘gf‘@ﬂ P e'F‘BrO(‘:({? B¢ & uel

require a %’gﬁt’! mfa‘tﬁ%h§pf‘pré§é&r@ 8hd AfyreRethsaanre HOR IrEasticiPei@fiber. The above
u

Rentech study wth di esel fuel® produced from a Fischer-Tropsch
process hahisamethahef shairy feast hasalraady brpemdsmangtiaied and swdied in di esel

fuel placed 5 in the,vehicle tanki i 1 'S
Fi scher - Tr GFSHINg cﬂé'gé'eS@kSefgéﬁqq Qﬁﬁ%rﬁ%ﬁ@%ﬁé@@gﬁ%Mgﬁtﬁ%ﬁ%h he ppm
range. 1§ he B 16 Fantaigh SoitsBlaitisiie acliliteSyalé Systenmpbg G.lan 10% by
volume (20% for small refineri esé. The Shel |l Fischer-Tropsch process
di esel fueiThpmnass ael@l.eCR-D 119685, published by Lawrence Livermore Nation

Laboratory, Livermore, CA in 1995. In addition, there is related art published

on the making and operating of coal water slurry feeds. For example, see Z.

Aktas et al., Fuel Processing Technology 62 2000 1—15.The principle

20 reactions of the two main processes, hydro-gasification and steam reforming,

are shown here. The HGR independent reactions can be expressed as:

C+2H,—> CHy (1)
C + 2H,0 -» CO + H, (2)
CO5 + Hy— CO + H,O (3)

25
Reactions 2 and 3 are endothermic. Reaction 1 is sufficiently
exothermic to provide the heat of reaction for reactions 2 and 3. Some
preheating of the HGR will be needed to bring the reactor up to its operating
temperature. Thus, the HGR is intended to be self-sustaining once the

30 reactions have started and achieve steady state.
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aromatics. 10 Rentech further affirnmed through studies that the diesel fuel
may need no further processing because of the purity and ol efin products

t hat may woen/06d45¢7 advant ageous over crude oil diesel. ThePETSSh&0348¢ opsch
di esel process is clean and the product is cleaner, has a higher cetane
val ue, and nost likely does not need further processing, when conpared to
a crude oil diesel. 15 A gas turbine conbined cycle for electric power
production is an option. |If the Fischer-Tropsch product is unexpectedly

too costly, therpsg o Bﬁgﬁse%fﬁ@ﬁm BGes393te Ataxilzaehe dartish a Vi abl e

option, based on an ov I Cl en of 65% of the synthesis gas energy
converti ng:d'mvesumfrorrctrerfeeg;stocantosthmenmgeﬂcsgaa%gs ehaisnd GPnddtarne

th t t t h 0Ot t |
a1t ahpraeass. husrog s e dua Y Fadtiii S B EABR St A WilGRE DL
a synt hes'%oﬂé@ witBn AL 28R f ¥4 tre SPR Hammélhydro@@na@@b@md:ﬁonmmru c

hydr ogen rst, the unit operation reactions of the hy- dro gasi fier,
st eam Bef csumrhe&ted ste*am(amelrthmrelpj@mderr &ren $1es Chlse ThscRAiple TRARHIARSy be
acconpl i shed a DOS-based conputer programthat uses

equi | i bri d%t%gsﬁﬁbegcg‘ys' EBJ}PPS'the paranmeters of tenperature, pressure,

original feedstock and gas flows, a paraneterization study was carried out
based on costs and output benefit.CHhe My@ro-(asi3ker variables e e

nodi fied for the maxi num practi cal ar bon capver ficiency he steam
reformer variables were nodified fdrO2d ffaxi ﬁé@'[’(teé# out pt(J enough
hydr ogen for recycling output, and 19 WO 03/066517 PCT/ US03/ 03489

m ni runmC02 production. The study | ooked at the various paraneters whereby

two diqpf er ent Vﬁhéleﬁaavmréfednhgrreaolmrtm(ﬂsamdﬁ) areeaftgn rurgwith sgeam

paraneteri zati on studl es. The foll

h f h
conput er resEENtgtions higherfan '?etgéﬂ!f?mgﬂ'gthﬁﬁ 1°§ @ﬁﬁ}%ﬁhéﬁﬁébéﬁ% :@E 5
Ref erring IE%on'e%ra‘%ﬁj chiRerRinbash aﬂH tM Fnproe éd]ﬂ/éﬁ@ibﬁrefﬁlf ersdyeaneénd

hydrogen ratios on the conversion ef |C|encg carbon in feedstock in the
HGR i s shoequired 36601 candeidatiamis usyatly\@pﬁcyl e@g@ﬂwaaf@mm B® input to the

HGR i ncreases, fhe onversn 0 en ' i ncreases
until it reigefso-« ‘%‘ MaE fé‘ﬁ%ﬁ%r‘?)oh‘ %ﬁ'? qfa ﬁép%abﬂﬁogﬁgiéﬁﬁgloo%
convery Oncaeroﬁfaftbrwuﬁmﬁd I—M*f@lcPSTﬁél@raén’eHQSE@)ﬂ&itbrfgrtbm 8BRi ves, and these
conditions were wused. In order_to avoid the cost of %C' i Ig of H2, the
m ni mum anoperation isq@reater than 3. This steam rich condition favorst ater-gas

shift reaction. This reaction is only slightly exothermic (AH°= -41 kJ/mole

CO); however, it produces additional hydrogen gas and converts carbon

monoxide into carbon dioxide. Unfortunately, an additional unwanted

20 secondary reaction can occur, the methanation reaction, which consumes

hydrogen:
CO+3Ho— CHg + H.O (6)

25 The resulting effluent after the two main reactors is a synthesis of
gases rich in hydrogen, carbon monoxide, and steam. Approximately half the
hydrogen produced in the SPR is recycled back to the HGR. Consequently,
no outside source of hydrogen is needed to maintain steady state operation.
The HGR and SPR processes, therefore, may be considered to be chemicallﬁy

30 self-sustaining. The remaining synthesis gas is then available for the

production of fuels and process heat.
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recycled to the HGR nust be chosen. Figure 3 shows the effect of H2 and
H20 on CH4 in the HGR at 8000C and 30 atm Figure 4 shows the effect of H2
and H20 owo@3@6d45m7t he HGR at 800" C and 30 atm At a hi gh &courso3/afssH2 15
and | ow anount of H20 input, the amount O CO02 is |ow. Although the ,
objective is to minimze the anount O C02 in the synthesis gas, it i's not
necessary to mnimze G2 in the HGR because C02 is gauged in the SPR
reactions through the water-gas-shift reaction to obtain a proper ratio of

H2 and CO for ' iSEher - ' ' Bi shows
the 20 effect o %@%Wgﬁgﬁﬁ&;ﬁgﬁtﬂﬁ ﬁigsﬂig%ﬁ:r%) p%%lgg%jdéé%g ngqj;?ﬁ\uc%ﬁ gures

6, 7, 8 angz8rcs&afur! hierabfdhecdtaneivalier giese-likerfper andivaluahte parefiiswax on t he
chem cal conposition of the effltuent s fromthe HGR at  feed of 2.76
g d Paicle

mol H2 andPiodueis. idie absenseof aifdr eng %{83 polutagt gp FEYRN9conditions
of H2 and @@Qelifﬂgl‘étt?tb%lr%%@zéﬁ’ t he carbon conversion efficiency 25 is
0 0

estimated 10 Cl ose In a tenperature range of 800 to 10000C and a
pressure range of 30 atm to 50 atm for equilibriumchem stry. Figure 10
shows the rati oThd présenhithveotian alsapiovidesra sewgeiaidy-Rraducts; LMer - Tr opsch

fuel synthesis reactor, .against 1h ; ten at
8000C and YSRfHRY-RYACE i 'f|erchét§§’e\§ﬁ@ﬁ?ﬁﬁﬁ%e@%%ﬁggg?ﬁge%é%ﬁ?lﬁg of

st eam addeféeﬁ‘?ntbﬁﬁe??&@d‘s@ IhepfdpRst By Reatechltitled “Fisvherdlropsakam (or 20 WO
03/ 066517 PCT/ US03/ 03489 water) added per npol C in feedstock. Wth this

anount of tschaetogyddatedt 1298 sapsRenrtasn WelPHPUSAEIORE@Y cal and t her mal

sel f-sustajinabhilit . 1de k4l : ¥:
Fi scher-Tr RS hﬂe‘?gﬂtee%%?%%?éﬁ%fﬂeﬁ%év%r?ﬁgpéﬁ Eéfg{ce(s)? H20
added o t{Rrh SRIiRrA¢at8NeDMaked aboat i10mgof @batrgl &f wakbr per bavel ofhe ef f ect

G i n' ¢ har SPRer HOPRFQREPIthp A A O AANZF O S e R TESRHITOPRTS. 1 ot 0 i 5.
hi gher . | ik Bhbaf 1 411813 Walrdid Bwhfer #1edeR BATeIRS Fidtheromoyeusi on of CHa

i ncreases W I'ncreasi ng tenperature and wth decreasing pressure. It is
t hus hi gh pexipetsabigreaten@niawntphars rane Paalvefitbe water maydrRrecyoleiie product s

of Fischer-Tropsch paraffinic liquid fuels.are i.n e [W car bon
nunber . Ac%kis?@amén g*rﬁ‘estgsm/éef?eﬂﬂ‘?"e‘é’ﬂy?%‘zé‘?&c,“&ﬂ%@? WRQ] the sgﬁﬂf%sgg product s
are digsel ghdighd Fﬂ&%r—ﬂ?@b&cﬁ‘ﬁb& dTthé BeeNQrlogéss.cone in the form of wax,
wi th mnor anmounts of gases such as un-reacted reactants and hydrocarbon

gases (met hane, ethane, propane and so forth). To_exen'%l i fg )
The Fischer-Tropsch reactions also produce tail gas that contains

hydrogen, CO, CO,, and some light hydrocarbon gases. Hydrogen can be
stripped out of the tail gas and recycled either to the HGR or the Fischer-
Tropsch reactor. Any small amounts of other gases such as CO and C02

20 may be flared off.

Two main products of Fischer-Tropsch may be characterized as
synthetic oil and petroleum wax. According to Rentech, in the above report
for their particular implementation of the Fischer-Tropsch process, the mix of
solid wax to liquid ratio is about 50/50. Fischer-Tropsch products are totally

25 free of sulfur, nitrogen, nickel, vanadium, asphaltenes, and aromatics that are
typically found in crude oil. The products are almost exclusively paraffins and
olefins with very few, or no, complex cyclic hydrocarbons or oxygenates that
would otherwise require further separation and/or processing in order to be
usable end-products. The absence of sulfur, nitrogen, and aromatics

30 substantially reduces harmful emissions.
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15 the present invention, cetane, which is in mddle position of diesel
range (Cl1 to C20 ), was chosen as diesel fuel. The results of

t her no- chwoiosabesand t her nodynanmi ¢ nodel i ng of the hydro- @ga3rdSosoB489
conversion of waste wood (bionmass), as a prototypical carbonaceous feed
material, were used to exam ne the details and illustrate 20 the features
of this invention. These sinulations of the novel sequence of process
reactors were undertaken to di scover the therno-chernical conditions

needed 1o achi eeaitdifall A Kelsbafbddl Boaal (CARE) dpiffoatibRs f6XHEBeIGuel N the

production of synthetic diesel |, the objectives were to attain
sel f - sust argrrire @ peniatuno cetzet vedué iof 48 andangdubedi sulfigracantent: . Thenakove

ticul i t, this.js 2 | i shed at i libri
Penmer at ur Beareanogaarith i Girss) RebRaBupSLToaht R EF uephit 88cgsessur o
with a totglg %d@tﬁrﬁ%@alh@ FF6Lohd EARRB SRINAaFdRidreuflir mtdibsastelpl4ded (1.67:1

when adi abatic water to carbon feed ratio of at least 0.07:1 (0.43

when adi abi the)vehicledardk is 08apprdycaeigbh andeSheli® Fischat-Tsopsichaqaroressst

3.91:1 (1.67:1 di ti into th i

r eact or ( al @Ssb@gﬂﬁgd"i&?&&h%&?‘m%&“ﬁ ﬁ}ﬁ}%ﬁgﬁf %@@?ngg c’s’&i[g%%({a%goggv\hen
adi abat i ¢) fanfoRtia COREMI R 86 nitre 364 € 0% by 9bluae (2024 fYBM3H 066517

PCT/ US03/ 03489 conditions for sinultaneous optiml quantities of product

hydr ogen f tafinesies). Ehe Shieh FischesrTaopesh process digsekiuet hag &0 detectable
hydro-gasific%ﬁté,[ij Qn reactor and an adequate hydrogen to carbon nole ratio
of at |eas®3"P i n the residual synthesis gas streamto feed the third
stage Fischer-Tropsch reactor, 5 operating at 2000C and 10 at nospheres
pressur®e, and aReabsdhifarthet ffirnedtthiovgt sipdieathairthefdiesed fieeinsdy MS8d and SPR

conbi nation reactor, follopwed b conventignal ly operated, SPR and

Fi scher - Tr BRJWRherREEeYNg %Pﬁuﬁ%i)ﬁhet%&\‘rﬁpgé’ﬂq'%wgﬁpe tﬁﬁb'ﬁ“@%ﬁ"&” ener gy
managemnent Be}‘?l%ﬁf%géohﬁ'b%ﬂ@n@e%lp(‘ﬂeﬁa.e THEFBLhe€TRI3EN diddts bRscdsalies i nto
and out 1 rom edach heat exchanger and

) _power conversion conponent for
each oper dieang@nidtiie produdtds cleaner diasna pighes setarmehaluesand n‘@gI likgdy al f1 ow,

thermal ener na nt, water/steam a | t I tic diagrans
for each a?egﬁg{???fgﬁﬁ@fﬂ??@smﬂj@%} Cé}ﬁgg%gn@% §r|%8r% ng(ggg@s are al so
shown as Figsl4-18, 19-23, 24-28, 29-33 and 34-38 respectively. Tables 6
and 7 {5 sumar jpzgad taebing sehitsinged cydie fores|botricaonerpirodiietioreis npostioes s
configuration araneters for each of the five operati ng{‘ nodes of the
conver si onlfghe&dspher-Tropsch product is unexpectedly too costly, the use of the

synthesis gas heating value can be a viable option, based on an overall

efficiency of 65% of the synthesis gas energy converting to electric energy.

This number is reasonable since the synthesis gas starts at a high

20 temperature as opposed to taking natural gas in from a pipeline.

Process modeling can be used to reasonably produce a synthesis gas
maximized for a yield high in CO and stoichiometric hydrogen. First, the unit
operation reactions of the hydro-gasifier, steam reformer, and
Fischer-Tropsch reactors are modeled. This may be accomplished by using

25  Stanjan, a DOS-based computer program that uses equilibrium modeling. By
varying the parameters of temperature, pressure, original feedstock and gas
flows, a parameterization study was carried out based on costs and output
benefit. The hydro-gasifier variables were modified for the maximum practical
carbon conversion efficiency. The steam reformer variables were modified for

30 maximum practical CO output, enough hydrogen for recycling output, and
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The carbonaceous material feed process initially described above uses a

wat er slurry suspension feed technol ogy, originally devel oped by Texaco for
use i n itwopaibsdsat - oxi dation gasifiers, that can accept aPerdsovesBety of
20 carbonaceous materials, and can be nmetered by controlled punping into
the first stage hydrogen gasification reactor (HGR) to produce a nethane
rich gas with high conversion efficiency (nmeasured to have at | east 85%
carbon feed chemcal utilization efficiency). Enough heat is available to

pe abl e 1 dpiieet gggzr@@gﬁmﬁa’rﬁ@s@ag%ﬁé@m e RicpaRearamies Slurry feed

to supply e secon tage steam nethane refornmer. The
ref ormer pwherebly twoadifferent edluientvaried ligriong eonstant reststiig I &0O t hat al | ows

| t hyd Lt i nt he fi t { t tai
Ehe_hydr o-aaiateacation JrlERe T oheNt dindissehihe SIS HETRPE! age product
gas, ot RE5AbMHar hREARUR dilie iR FEREBNG USH AT StdrfarPBRIgRémhing ondense and

re-cycl e any ter vapor present, 30 back into the slurry carbonaceous feed
system The unfiltered gas is fed into the fuel synthesis reactors, which
conpri $e a Fi scReferim s EigupeRattte effest@f yarying e waieoes steanpenduso3/ 03489

carbon synt hesis reactaor, i . ' WRSI{H eres
pressure. qﬁ‘ﬁe%gr elan;[ayr&gﬁg%@gﬁﬁﬁg?%pﬁg Oﬁggrrb(%]gﬁﬂ%%@%g% no gcul ar feed
rati o nustHBR RtsHow@s at 800°Claih® 30 Ritmridaethe hydrsgeroand ivatdranputabltie pur e and
cl ean- bur ni n%[sul fur-free] diesel-like liquid fuels and hi gh val ue

cheni cal | yHER ingreases; Hiq FWWQ"%@"\@E@%’?CW&%G@" ytaedsiackiinérgapedr ener gy.
(Figs. 14'@&il?tﬂ%acﬂé§)H86%1.’Tﬁe itlor? thdtiraiRs i)n%ﬂé%fﬁeélgf’ﬂ?‘%' cﬁﬁw‘éﬁsign and 7
1 met hyl™ et her

for adiabalic first stage’ reactor operation), or a
synt hei®i s &ffisiehey achieiveb onparfdhe marleling @bjdctiand, aitd tiesesphditieonspvaresur e.

Thi s reactor produces appr.Qxi mat el 92.4% nd 7..1% et hanol .. The
et hanol | 4SS nARITEES BVQ I0RRF A oS BASIN s M UMUET SRRt Yeand 20My
of processy abgfterth%gmﬁ@stwetéhdseﬁ. m@dmeez]sﬁahg gg@eﬁwtcﬁwzsawm heat

transfer | oops (see 19-23 and Tables 2, 6 7), hydrogen gaseous
fuel synt hids® on(GHe irFthesHGRIab3fdamd B0 adn3, Figurexh ghows theaffact ofdlect ri ¢

a7y 7 e b B tee Bia L BAEe AobSREL PRt a6 Aot otPhuces of
oper atison Ahd [dw8nfiufit bRHEO iRpETBRESambdhPolEe)k fid kel.i Ahsugcies pl ant. The

results of these sinulations are sumarized in Table 6 and 7. The overall
ener gy utiobjeetiveis togaiaimizedhe soownt of EQointhe syaiiesis-aase )t is ot

Fi scher-Tr r?gcsecs}%aw{g R‘ﬁﬁﬁﬁzet €0, in the HGR because CO, is gauged in the SPR
reactions through the water-gas-shift reaction to obtain a proper ratio of Hz
and CO for a maximum Fischer-Tropsch diesel fraction. Figure 5 shows the

20 effect of H, and H20 on CO in the HGR at 800°C and 30 atm.

Figures 6, 7, 8 and 9 show the effects of varying temperature and
pressure on the chemical composition of the effluent gases from the HGR at
feed of 2.76 mol H, and 0.066 mol HoO per mole C in the feed stock. At these
conditions of Hz and H,0 input to the HGR, the carbon conversion efficiency

25 is estimated to close to 100% in a temperature range of 800 to 1000°C and a

pressure range of 30 atm. to 50 atm, for equilibrium chemistry.

Figure 10 shows the ratio of H, and CO available for feed into the
Fischer-Tropsch fuel synthesis reactor, against the steam content added to
the SPR at 800°C and 30atm. This ratio increases with the increasing amount

30 of steam added to the SPR and reaches 2.1 at about 3.94 mol steam (or
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67.2% for hydrogen production. Optimzed electric power production utilizes
20 about 38.2% of the chemi cal potential energy in the bionmass feed stock
for cl eawomansisny power conversion. In general the proce®sTrsdsad4eoul d be
swi tched using an appropriate proportional valve to distribute the
synthesis gas production after separation of enough pure hydrogen gas for
the first stage hydro-gasification reactor. 25 The results of the overal
nodel ing shown in Figure 1 are sunmarized as follows. 1 . Optinmum

conditi ons gf: rf (gd%r H%‘F@aihif??déBcI%OWQ\Qh@%oﬁg?%%%geamrﬁdd&i, th& per nol

Cin feedsY. mal ntain self-sustainability; mol H20 per nol Cin

f eedst ock. sylemMvil 2chBAEIchapGTalLuSEBheBNabsalf-seialnabitity sndipre\iée aof the SPR

i ) . | | Cin f . 3.
P ether 3 Brswehrasaid: and S0 TigFiarerirerst sfifhedB of Cetdhd o g, °
gal l ons of seatank fGd34H)0 dilgseto PRISPRMBO0PEatRE 304tm. SFiglitdtotah t he

present invention and its advantages have been described in detail, it
shoul d e andid8showttheraffect of tasoperatiiagas pressietan e ldnand &P &tier at i ons

can be made herein w thout rti r WL n of the
i nventi on 8ad ?%V&fﬂﬁnt‘ﬁg‘ig@ethﬁ«%g’% %%n@%r@ﬁé%@tew% ?’F\%E)g%gpe of the
present apBFés@Qﬁé,%siréti@@ higA&e nhesl singllap erehdritrethet Id, 4AdIGE@ ratio, the ul ar
enbodi ments of the process and apparatus described in the ageci fication.

As one of ocomiensiop ofiGH!4 increases VaiT ingraasinastemnsyratise ABg Withh de¢reasinge
di scl f th ] ' - t
exi st ing opfassiBe PIRERiTIaHbY rekiObiSRs B BoBRh fE TR 250Nt 1Y

function or achieve substantially the sane result as the correspondi ng
enbodit@nt s 15 Wres prodigsds béFisichen@yodsehyaraffiniediquid tued$ ate inea wite pr esent

I nvention. Accaordingly, the appengded cl ai are intended.,tq inclyde wthin
t hei r Scop@nMW%P&ég@r'a%gaﬁﬁgg i0 theaboveRepiesh fpeet paskhrlisos 03489
Table 1 Bi 5th PSP tihdll 265h ABGUtHMTBIGhE PRo@lctEiceafah e opsch
Paraffins Eﬂ@r% ;8?2%’% afrn gM/\) Energy rate out MA?aOOorg)onent PCE Heat Work
PCE Heat Wark of wax, with minor amounts of gases such as un-reacted reactants and
hydrocarbon gases (methane, ethane, propane and so forth). To exemplify
15  the present invention, cetane, which is in middle position of diesel range (C+4

to Cop ), was chosen as diesel fuel.

The results of thermo-chemical and thermodynamic modeling of the
hydro-gasified conversion of waste wood (biomass), as a prototypical
carbonaceous feed material, were used to examine the details and illustrate

20 the features of this invention. These simulations of the novel sequence of
process reactors were undertaken to discover the thermo-chemical conditions
needed to achieve the production of synthetic fuels. For example, in the
production of synthetic diesel fuel, the objectives were to attain self-sustained
operation of the first stage hydro-gasifier. In a particular embodiment, this is

25 accomplished at an equilibrium temperature of 1000°C (738°C-when
adiabatic) and 30 atmospheres pressure with a total hydrogen to carbon feed
mole ratio of at least 3.48:1 (1.67:1 when adiabatic), and water to carbon feed
ratio of at least 0.07:1 (0.43 when adiabatic), a water steam to carbon feed
mole ratio of at least 3.91:1 (1.67:1 when adiabatic) into the second stage

30 steam reforming reactor also operating at an equilibrium temperature of

1000°C (900°C when adiabatic) and 30 atmospheres pressure, to obtain
21



Heat Exchangers HX 1 53.4 53.4 HX 2 Portion 1 78.8 Portion 2 212.9 HX 3
Portion 1 2.2 2.2 Portion 2 112.0 HX 4 (HGR) 50.2 HX 5 (SPR) 93.3 HX 6
Portion Iwoes3@6ssPortion 2 8.7 HX 7 216.3 HX 8 43.3 Port ipan/tBosH3484 X 2
78.8 FIX 9 (FTR) 45.9 FIX 10 11.8 HX Gl 165.0 HX & 21.8 FIX G 68.4
Hydraulic Power Slurry Punp 0.3 Liquid State Water Turbine 0.2 Brayton
Cycle Turbine 1 7.9 Turbine 2 75.0 Turbine 3 0.0 Air Conpressor 43.4
Ranki ne Cycle Heat 290.0 Mechanical Power 0.5 103.5 Waste Heat From Steam

Cycle 186. 9 (NS HALINTIHAKRLEE OptiRIP GESRLTSTRbHGCRREGémforsefiduced 137

sustained operation of the first stage hydro-gasification reactor and an
adequate hydrogen to carbon mole ratio of at least 2.1:1 in the residual
synthesis gas stream to feed the third stage Fischer-Tropsch reactor,

5 operating at 200°C and 10 atmospheres pressure, and adiabatic self-
sustained operation of a special HGR and SPR combination reactor, followed
by a conventionally operated SPR and Fischer-Tropsch reactors, with full

thermal and chemical potential energy management.

Tables 1 through 5 show the overall energy transfer rates into and out
10 from each heat exchanger and power conversion component for each
operating mode of the conversion process. The mass flow, molal flow, thermal
energy management, water/steam and molten salt schematic diagrams for
each of the five operating modes of the conversion process are also shown as
Figs14-18, 19-23, 24-28, 29-33 and 34-38 respectively. Tables 6 and 7
15  summarize the results of the performance studies and process configuration

parameters for each of the five operating modes of the conversion process.

The carbonaceous material feed process initially described above uses

a water slurry suspension feed technology, originally developed by Texaco for
use in its partial-oxidation gasifiers, that can accept a wide variety of

20 carbonaceous materials, and can be metered by controlled pumping into the
first stage hydrogen gasification reactor (HGR) to produce a methane rich
gas with high conversion efficiency (measured to have at least 85% carbon
feed chemical utilization efficiency). Enough heat is available to be able to
generate super-heated steam from the biomass-water slurry feed to supply

25  and operate the second stage steam-methane reformer. The reformer product
gas is fed into a hydrogen membrane filter that allows almost pure hydrogen
to pass back into the first stage reactor to sustain the hydro-gasification of the
biomass. The remaining second stage product gas, not passing through the
hydrogen filter, is cooled to condense and re-cycle any water vapor present

30 back into the slurry carbonaceous feed system. The unfiltered gas is fed into
the fuel synthesis reactors, which comprise a Fischer-Tropsch paraffin hydro-

22



synthetic diesel fuel produced* 116 |Input into Conversion Process Bionass
(waste wood) input PCE 473.0 Overall Energy Bal ances Total Energy 473.0
827.3 44.WO0b3/h665014. 2 186.6 Net Waste Heat Rej ect ed 186. #CNaiSod/ogase Ener gy
Required 0.0 Power Conversion Process Net Electricity Production 123.8
Total Electricity Available for Export 123.8 Overall Thernodynamic =~
Conversion Efficiency 50.7% notes synthetic paraffins produced are
considered to be 50% cetane and 50% wax wax can be conventionally

processed hQ9H Wyrhleh56r&fels! £ 2008 arkP1 847
PCT/ US03/ 0@%@8 %$ gfég,&gﬁ%e‘c’or s}s]f&cocﬂ)éerr SISOI’I opt i rﬁ zed(y\f@érﬁéé)é}%uct I on of
di net hyl epﬂ@esu(le\EI)ocEBemg;dmlageeveBM Kt tEaéwg;ogﬂt/Gaern malggulactagsonent
PCE Heat Wor k PCEfézHﬁe \é\g{é {-g)t Exchan st 53..4 2 Portion 1
54.5 Por thadR pug le 13 Oﬁﬁb@‘@e(&éﬁﬁc o) %@"@C?B'P?S 3 HX 6 36.6
HX 7 152. 8 { 1
11 16 IE& %ﬁﬁ@ g [stRire<Y] dlesel-lik&liduig4usistRhdPhigPVaiud cRemigallyX 10 0.7
5 pure paraffin-like waxes, without additional fuel or energy. (Figs. 14-18 and
Tables 1, 6 and 7 or Figs. 34-38 and Tables 5, 6 and 7 for adiabatic first stage
reactor operation), or a dimethyl ether synthesis reactor, which operates at
200°C and 70 atmospheres pressure. This reactor produces approximately
92.4% DME and 7.1% methanol. The methanol is combusted to co-generate
10 about 30 MW of electricity and 20MW of process heat for exchange with the
molten salt and water/steam heat transfer loops (see Figs. 19-23 and Tables
2, 6 and 7), hydrogen gaseous fuel synthesis (see Figs. 24-28 and Tables 3, 6
and 7), and all electric power production without fuel synthesis (see Figs. 29-

33 and Table 4, 6 and 7).

15 Net export of electric power is possible in all five modes of operation of
the simulated biomass hydro-gasification process plant. The results of these
simulations are summarized in Table 6 and 7. The overall energy utilization
goes from 50.7% (71.2% when adiabatic) for Fischer-Tropsch synthesis to
67.2% for hydrogen production. Optimized electric power production utilizes

20 about 38.2% of the chemical potential energy in the biomass feed stock for
clean-burning power conversion. In general the process modes could be
switched using an appropriate proportional valve to distribute the synthesis
gas production after separation of enough pure hydrogen gas for the first

stage hydro-gasification reactor.

25 The results of the overall modeling shown in Figure 1 are summarized

as follows.

1. Optimum conditions of the HGR: Operating at 1000°C and
30atm; 2.76 mol H, per mol C in feedstock to maintain self-sustainability;
0.066 mol H20 per mol C in feedstock.
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HX GL 150.2 HX G 21.3 HX G 66.8 HX G4 Portion I (to HX 7) 49.4
Portion 2 (to HX 2) 64.5 Hydraulic Power Slurry Punp 0.2 Liquid State

Wat er Turwora/066517 Brayton Cycles Turbine 2 3.4 Turbine ®CLHAB03/T348DI ne 4
70.7 Conpressor 5.2 Air Conpressor 39.8 Rankine Cycle Heat (HX 3, 9, 10,
11, 12 & A) 266.1 Mechanical Power 0.4 95.0 Waste Heat From Steam Cycl e
171.5 Chem cal Conversion Process dinethyl ether (DMVE) production 160.6

| nput into Conversion Process Bi omass (waste wood) input PCE 473.0 Overall

Energy Bal ances Tot abrERRIYofidifioRs 6Pthe’SPR: @%@@tlﬁg&ﬁﬂo@oﬂ%na Net Waste

Heat Rejected 1.5 Net I nput Energy Required ower Conversion Process
Net El ect rB@athy 47022 orwdl iHpO paomel CHhdeedsteck.y Avail able for Export 110.3
Overal | Thernmodynam ¢ Conversion Efficiency 57.3% 26 WD 03/ 066517

/ .
T ) G448 < Tab g1 B SHRARCRL VSRl Uy e

68.3 gallons of cetane (C1gH3s ) diesel per ton of feedstock.

5 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

10 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

15 described herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include within their scope

such processes and apparatuses.
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Conponent PCE Heat Wrk PCE Heat Wrk Heat Exchangers HX 1 53.4 53.4 HX 2
Portion 1 54.5 Portion 2 160.0 HX 3 105.4 HX 4 (HGR) 50.2 HX 5 (SPR)
91.3 HX eowB®3M665iHX 7 152.8 HX 8 29.9 Portion 1 of HX 2 52CH/Ud3/@Gusd51. 0
HX & 20.5 HX G Portion 1 (to HX 7) 10.7 Portion 2 (to HX 2) 53.6
Hydraulic Power Slurry Punp 0.2 Liquid State Water Turbine 0.1 Brayton
Cycle ;\rngﬁé Nepibnfd gcorMFs%mgptgniggdfgr AAdbcti B FRIRGLTIéPsch FAddiadie Cycl e Heat
213.6 chani calrlrl I%ovver 0.4 76.3 V\as?e Heat From Steam Cycle 137.7

Chemi cal Conversion Process Gaseous girfyiate iRfmayCt i @heidtatd out Mt i Nt o
Conver si on Progmpéndat onass (waste wpod) iHeput RGOk 478C@& @eet al Wdrker gy

Bal ances Total EneHeayExchan§er645.8 29.9 221.4 783.5 140.4

HX 1 53.4 53.4
HX 2
Portion 1 78.8
Portion 2 212.9
HX 3
Portion 1 2.2 2.2
Portion 2 112.0
HX 4 (HGR) 50.2
HX 5 (SPR) 93.3
HX 6
Portion 1 46.6
Portion 2 8.7
HX 7 216.3
HX 8 43.3
Portion 1 of HX 2 78.8
HX 9 (FTR) 45.9
HX 10 11.8
HX G1 165.0
HX G2 21.8
HX G3 68.4
Hydraulic Power
Slurry Pump 0.3
Liquid State Water Turbine 0.2
Brayton Cycle
Turbine 1 7.9
Turbine 2 75.0
Turbine 3 0.0
Air Compressor 43.4
Rankine Cycle
Heat 290.0
Mechanical Power 0.5 103.5
Waste Heat From Steam Cycle 186.9
Chemical Conversion Process
synthetic paraffins produced 137
synthetic diesel fuel produced* 116
Input into Conversion Process
Biomass (waste wood) input PCE  473.0
Overall Energy Balances
Total Energy 473.0 827.3 44 1 137 1014.2 186.6
Net Waste Heat Rejected 186.9
Net Input Energy Required 0.0
Power Conversion Process
Net Electricity Production 123.8
Total Electricity Available for Export 123.8
Dverall Thermodynamic Conversion Efficiency 50.7%

notes

* synthetic paraffins produced are considered to be 50% cetane and 50% wax
wax can be conventionally processed to produce cetane with 70% efficiency
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Net Waste Heat Rejected 137.7 Net Input Energy Required 0.0 Power
Conversion Process Net Electricity Production 96.4 Total Electricity
Avai | abl ewbos/o&espDrt 96.4 Overall Thernodynam ¢ Conver si ®CTHS03/¢348NCy

67.2% 27 WD 03/066517 PCT/ US03/03489 Table 4 Bi omass conversion optin zed
fcgr production of electric power Energy rate in (MN Energy rate out (MN

mponRgpt oP -JA@@L Welsidotilial rofbrdtuctdadi dfahaageremeX 1 53.4 53.4  FIX
5 ov 8Bk 27 OBk cielsidi R ohBiobue THGS) 80, 2 I SE%(SPR) 93.3 HX 6

55.2 HX 7 216.3 HX 8 43.3 Porti OBndrgpfatdiX (WY 8. BEibKgyGhteddB (W) HX G2

Portion 1 73.c3mpbRenti on 2 (for St awe Tutdat newdyk 70PCE Hfedt3 Wdorki on 1
HX 2) 77.1 PortiaéutBxdhangeriX 7) 88.0 FIX G4 (fromcold side of FIX Q
Liquid Punp 0.3 Liquid State Turbine 0.2

56.4 56.4 Hydraulic Power

(to
)

Ranki ne Cycle #1 HX 2HXportion 2) 212. 9534 53.4
HX 2
Portion 1 54.5
Portion 2 160.0
HX 3 3.8
HX 4 (HGR) 50.2
HX 5 (SPR) 91.3
HX 6 36.6
HX 7 152.8
HX 8 29.9
Portion 1 of HX 2 54.5
HX 9 (DME-R) 32.3
HX 10 0.7
HX 11 1.6
HX 12 3.2
HX G1 150.2
HX G2 21.3
HX G3 66.8
HX G4
Portion 1 (to HX 7) 49.4
Portion 2 (to HX 2) 64.5
Hydraulic Power
Slurry Pump 0.2
Liquid State Water Turbine 0.1
Brayton Cycles
Turbine 2 3.4
Turbine 3 4.0
Turbine 4 70.7
Compressor 5.2
Air Compressor 39.8
Rankine Cycle
Heat (HX 3, 9, 10, 11, 12 & G4) 266.1
Mechanical Power 0.4 95.0
Waste Heat From Steam Cycle 171.5
Chemical Conversion Process
dimethyl ether (DME) production 160.6
Input into Conversion Process
Biomass (waste wood) input PCE  473.0
Overall Energy Balances
Total Energy 473.0 6982 456 160.6 869.8 173.2
Net Waste Heat Rejected 171.5
Net Input Energy Required 0.0
Power Conversion Process
Net Electricity Production 110.3

Electricity Available for Export
Overali Thermodynamic Conversion Efficiency

110.3
57.3%
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HX G3 77.1 Mechanical Power 0.5 103.5 Wiste Heat From Steam Cycle 186.9
CPE of syntheisis gas fuel 596.8 Brayton Cycle #1 Turbine 1 7.9 Air
Conpr essow0688/0665Conbi ned Cycles Gas Cycle Turbine 2 109. 3PCStusamiygel e 2
FIX @ 70.3 HX 4 56.4 Mechanical Power 0.2 45.3 Waste Heat From Steam
Cycle 81.7 Input into Conversion Process Biomass (waste wood) input PCE

473.0 al L. : : 596. 8 1276. 9
rea. 2 RS BTREE n Z%'@E? B4 8f picR &ﬁpﬁ@ shbub g@gﬁéaﬁﬁegd 0.0 Power

Conversion Process Net Electricity Peqgduetdom @l 6 T,g{eady}ﬁe%g ?‘"w’ ty

Avai | abl e forgg%ggﬁ +180.6 Overal | pger gy nafysrk Corpeas Siyat Ef wekency
38.2% 28 WO of L}303/ 03489 Table 5 Bi omass conversion optim zed

, E
for production of Fi sc?'(ler- ropsch Paraffins with increased input
wat er : bi omass ratio =9yt4and adi abatic HGR 4AHGR) Energy sase in (MY
Energy rate out (MN Gpaponent PCE Heat Wrk PCE Heat Work Heat

Exchangers HX 1 22.8 22.8 H¥goPprtion 1 49.0 54.5
Portion 2 160.0
HX 3 105.4
HX 4 (HGR) 50.2
HX 5 (SPR) 91.3
HX 6 36.6
HX7 152.8
HX 8 299
" Portion 1 of HX 2 54.5
HX G1 151.0
HX G2 20.5
HX G3
Portion 1 (to HX 7) 10.7
Portion 2 (to HX 2) 53.6
Hydraulic Power
Slurry Pump 0.2
Liquid State Water Turbine 0.1
Brayton Cycle
Turbine 1 6.7
Turbine 2 57.3
Air Compressor 294
Rankine Cycle
Heat 213.6
Mechanical Power 0.4 76.3
Waste Heat From Steam Cycle 137.7
Chemical Conversion Process
Gaseous H2 fuel production 2214

Input into Conversion Process
Biomass (waste wood) input PCE  473.0

Overall Energy Balances
Total Energy 473.0 645.8 29.9 2214 7835 1404

Net Waste Heat Rejected 137.7
Net Input Energy Required 0.0
Power Conversion Process
Net Electricity Production 96.4
Total Electricity Available for Export 96.4
Overall Thermodynamic Conversion Efficiency 67.2%
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Portion 2 151.1 HX 3 Portion 1 56.4 Portion 2 24.8 HX 4 23.6 23.6 HX 5
(SPR) 129.8 HX 6 32.8 32.8 HX 7 603.4 481.8 HX 8 15.9 Portion | of HX 2
49. 0 HX 9wWOmRIm$6537.4 37.3 HX 10 17.3 HX Gl 122. 0 HX GPCZAISH3/03439 G3
Portion 1 18.8 18.8 Portion 2 8.0 Hydraulic Power Liquid Punp 0.6 Turbine
1 7.3 Turbine 2 54.9 Turbine 3 0.0 Brayton Cycle Turbine 4 20.5 20.5
Turbine 5 103.5 103.5 Turbine 6 1.0 0 Conpressor 2.8 Air Conpressor
31.2 Condengéble fieBiemass @"WF'BFﬁ%t'"?8?d§°ﬁ"id”2§°’6°fe{ﬁﬁg't“émﬁ%'at From St eam

Cycle 62.2 Chenical Conversion Process ggygb hel ihGuidr af Ehdgy Ri-Qdugre 214. 9

Component PCE Heat Work PCE Heat Work
Heat Exchangers
HX 1 53.4 53.4
HX 2
Portion 1 78.8
Paortion 2 212.9
HX 4 (HGR) 50.2
HX 5 (SPR) 93.3
HX 6 55.2
HX 7 216.3
HX 8 43.3
Portion 1 of HX 2 78.8
HX G1 243.2
HX G2
Portion 1 73.0
Portion 2 (for Steam Turbine 2) 70.3
HX G3
Portion 1 (to HX 2) 771
Portion 2 (to HX 7) 88.0
HX G4 (from cold side of HX G1) 56.4 56.4
Hydraulic Power
Liquid Pump 0.3
Liquid State Turbine 0.2
Rankine Cycle #1
HX 2 (portion 2) 212.9
HX G3 77.1
Mechanical Power 0.5 103.5
Waste Heat From Steam Cycle 186.9
CPE of syntheisis gas fuel 596.8
Brayton Cycle #1
Turbine 1 7.9
Air Compressor 64.6
Combined Cycles
Gas Cycle
Turbine 2 109.3
Steam Cycle 2
HX G2 70.3
HX G4 56.4
Mechanical Power 0.2 45.3
Waste Heat From Steam Cycle 81.7
Input into Conversion Process
Biomass (waste wood) input PCE  473.0
Overall Energy Balances
Total Energy 473.0 1008.3 65.5 596.8 1276.9 266.2
Net Waste Heat Rejected 268.6
Net Input Energy Required 0.0
Power Conversion Process
Net Electricity Production 180.6
Total Electricity Available for Export 180.6
38.2%

Overall Thermodynamic Conversion Efficiency
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synt hetic diesel fuel produced* Input into Conversion Process Bi omass
(waste wood) input PCE 473.0 Overall Energy Bal ances Total Energy 473.0
1106. 9 34W0 03066597 1169. 2 210.8 Net Waste Heat Rejected 62C2/UNe3/0348put
Energy Required 0.0 Power Conversion Process Net Electricity Production
155.1 Total Electricity Available for Export Overall Thernodynam c

Conver si pab1ELf iBibMAEY co Mair€id nSypRinedd & rpas & dtionso fFiothecddo @sad rzoaSinder ed t o
be 50% cet ane avith BE%awax inpad v atambibe agematent?:drral|ag ighradicdssR A ®Rpr oduce
cetane with 70% efficiency 29 WD 03/ 5889y 72cT/WY03/ 03589r9vTal 4 @MY )mmar y
of Optinized Perfor mfEE %3edli es for PEiFomati&'conVet'Si on” Obt i ot eel it e
wat er/ useful CPE raft=pErCESl® Feed stock kg/ hr M/ day bi omass production
MAMh CPE input ratio pggday Dry waste wood 83975 2011 473.0 100Q.0%
Conversion Options | Fischer-Tropsch Liquids (FTL) bbl/day bbi/ton water
fed used 264670 6352 3.2 MMPeden Isynthetic diesel fuel 11526 2P0 2231
116.0 24.5% 1. 11 el ectricityPe¥9drt ed 123.8 26.2% 1.48 process 'wat er
recovered 295523 7093 e&’ééssp\gﬁpo r, avail abl e 30853 740 Air supply for
conbusti on 456047 10945 CO2pRpKRAUCed 122356 2937 rej ected wastm sdheat 187.0
39.5% overall energy uixhization 50.7% 2 Dieethyl ether (DMVEp.dbilday #
bbi/ton water fed neethed (9BRAB87 4425 2.2 MMIL.&dn di net hyl ether produced

20045 481 4530 160.6 331¥9% 2. 25 32.8 32.8
HX 7 603.4 481.8

HX 8 15.9
Portion 1 of HX 2 49.0
HX 9 (FTR) 37.4

HX 10 17.3
HX G1 122.0
HX G2 23.7
HX G3
Portion 1 18.8 18.8
Portion 2 8.0
Hydraulic Power
Liquid Pump 0.6

Turbine 1
Turbine 2
Turbine 3
Brayton Cycle
Turbine 4
Turbine & 1
Turbine 6

[4;]
o A~
o W w

onN
- W o
o o,
-
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= wo
o oo

Compressor
Air Compressor 3
Condenser
Heat 85.8
Turbine 7& 8 0.1 23.6
W aste Heat From Steam Cycle 62.2
Chemical Conversion Process
’ synthetic paraffins produced 214.9
synthetic diesel fuel produced”
Input info Conversion Process
Biomass (waste wood) input PCE 473.0
Overall Energy Balances

S
N o

Total Energy 473.0 1106.9 34.7 214.9 1169.2 210.8
Net Waste Heat Rejected 62.2
Net Input Energy Required 0.0
Power Conversion Process
Net Electricity Production 155.1
Total Electricity Available for Export
‘erall Thermodynamic Conversion Efficiency

notes

* synthetic paraffins produced are considered to be 50% cetane and 50% wax
wax can be conventionally processed to produce cetane with 70% efficiency
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electricity exported 110.3 23.3% 1.32 process water recovered 207334 4976
excess water produced 22947 551 Air supply for conbustion 410739 9858 (02
produced WO3IB0E:528B78 rejected waste heat 171.5 36.3% overralriusesesgy
utilization 1 57.3717-1 3 Gaseous Hydrogen (GH2) cu m day+ cu niton water
fed needed 184387 4425 2.2 MW h/ton gaseous hydrogen (GH2) 5618 135 1899
221. 4.465 SR a d¢ pliREdaPle@drihdicEH@RE toCBloBs dondsichdpfions * 15 wat er produced
180601 4334 excess water produced -3785 -91 Air supply for conbustion
429682 10312 (02 pr oduced 158173 3786nr ejuent edrrvast epdreat 137.7 29. 1%
over al Feegpteskgy uti | i zati 01"67. 9944 AP’I‘aSEngf,“F‘PI‘C Pewer*f AEP) MV eh/ day

MM/ ton wat egryt,gglWg@eded3725039811624§ 3. 17 el éct wisoi t yiexported 4335 180.6
38. 2% Zeni@siongtiars produced 311110 7467 excess water produced 50717 1217

Al r S,p her-Tro +|_')U|| Ulol l‘-|- 1UL:7J. \&M-/ddyl Uuut.,bj ‘5814
wast e |heat Zg&a@rféh uSed6] Uke«670F~ eepzer alsl2 energy util 7z-at-i o-
el | %
with vater: %gﬁﬁ‘gﬁ 9 1'%8hd adai abatic ( AHGR) btﬁﬁz Hay
fed used po‘éég TEB0E 9. Qusdhdd/ tram synthetic diesel |fuel 1§
182. 7 |38. IEri»%es_‘E WS agdilpbiet g?SP:gfj; exgggJ ted 155.1 32.8% 1{85 prqgcess water
recover ed” ?75gY0° "PRES1 extewss weber available 21915 526 Ailr supply for
conbugti on 45884AstdBe45 (CO2 X ke ' 7‘V wast e heat 62.2
rall e utiliz t 0.79
13. 2% overall energy utilization %
2{Dimethyl ether (DME) bbl/iday # bbl/ton
. water fed needed 184387 4425 2.2 MW h/ton
dimethyl ether produced 20045 481 4530 160.6 33.9% 2.25
electricity exported 110.3 23.3% 1.32
process water recovered 207334 4976
excess water produced 22947 551
Air supply for combustion 410739 9858
CO2 produced 119899 2878
rejected waste heat 171.5 36.3%
i overall energy utilization 57.3%
3|Gaseous Hydrogen (GH2) cu m/day+ cu m/ton
water fed needed 184387 4425 2.2 MW h/ton
gaseous hydrogen (GH2) 5618 135 1899 221.4 46.8% 0.94
electricity exported 96.4 20.4% 1.15
water produced 180601 4334
excess water produced -3785 -91
Air supply for combustion 429682 10312
CO2 produced 158173 3796
rejected waste heat 137.7 29.1%
| overall energy utilization 67.2%
4|All Electric Power (AEP) MW eh/day MW h/ton
water fed needed 260393 6249 3.1
electricity exported 4335 180.6 38.2% 2.16
water produced 311110 7467
excess water produced 50717 1217
Air supply for combustion 678774 16291
CO2 produced 158144 3795
rejected waste heat 230.0 48.6%
i overall energy utilization 38.2%
5[FTL with water:biomass at 9:1 and adaiabatic HGR (AHGR) bbl/day bbliton
water fed used 753975 18095 9.0 MW hi/ton
synthetic diesel fuel 18147 436 3512 182.7 38.6% 1.75
electricity exported 155.1 32.8% 1.85
process water recovered 775890 18621
excess water available 21915 526
Air supply for combustion 456047 10945
CO2 produced 122356 2937
rejected waste heat 62.2 13.2%
i overall energy utilization 71.4%
revision 10/12/01
Notes

No additional energy or energetic feedstock is requierd for all conversion options
All rejected waste heat is at a temperature below 40C and is not considered recoverable
# DME stored as a compressed liquid at 20C, 5.1 atm. pressure, density 668 g/L and LHV 28.4 MJ/kg
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overall energy utilization 71.4~ revision 10/12/01 Notes No additi onal
energy or energetic feedstock is required for all conversion options All
rej ected waaBmedsent is at a tenperature bel ow 40C and i s motr/usosnei4sder ed
recoverable # DME stored as a conpressed liquid at 20C, 5.1 atm pressure,
densi tI'yble6768 ugr(nlarﬁtn@p ed%&rfé‘mec/elﬁgralsgem Q%meeramddd%/ 03489 Table 7
Summary of optim zed Performance Paraneters for Bi omass Conversion Qptions
feed rate water/ useful CPE rate percent ,Feed,stockpkgihr M/ day,hi.amass
%gdgg/t IF%S’ MMh CPE i nput rk@m o] perddayblaﬁgésm@&gommmr%?w 201§|;P54|?f®t0

0 nversion Options 1 Fischer-Trofsth Le4al ds,(FTL) bbl/ day,  yater
fed useq, %Qgsaoncg’fﬁggf“@°§ syftfieti c*°di esel fuel 1152647(237)7 )2231 116°6°52. 5%
electricity exported 123. 8 26.2% process water recovered 295523 7093 | nput

condi t i'ffegherTrodeny LB BTt/ € H20/C C0/4l- 12 "4 CO HGR 1000 B0 3. 48 [0. 07
SPI R 10Pp0 30 &n et Budd. 21105283 synt hesi s reactor 200 10 1.4 0. 44#5%9. 03
overal | | ener gyleettidy ¢paed on - 50-7 51 7-1 2 Dinethyl ét¥fer (DVE) bbBl-7tay #
wat er fed RABER water fL30y8H “,,29 5235
ot corafhs!  +fZdeé.CZ et Ty hzet tremzo odteEs 280ds 481 453(
160. 6 3B. 9% BCLT 1 Chgéy expopd ed BI0. 3 238 3% oprocess water recovered
207334 #976 Inputih Conaz*flonswog‘}l' degoC P 3ffn H*IPC HAGIC cod k- 1p CHa/ CO
HGR 1000 30 3. 2 AT 2. 9derdll edekg it tio sy NI NES| S 50.8aClOr
260 70 I"270. 58 0. 05 overall energy utili 7atlg£}ldqz¢ 30% 3 Gaseous Hydrogen
t er (DME) ay
(GH2) e rliﬁﬂ,é"g,u'-aterfed needed 184387 4425 2.2
dimethyl ether produced 20045 481 4530 160.6 33.9%
electricity exported 110.3 23.3%
process water recovered 207334 4976
Input conditions: T deg.C P atm. H2/C H20/C CO/H2 CH4/CO
HGR 1000 30 3.48 0.07
SPR 1000 30 2.47 2.91 0.21 0.93
synthesis reactor 260 70 1.2 0.58 0.05
| overall energy utilization 57.3%
3|Gaseous Hydrogen (GH2) cu m/day+
water fed needed 184387 4425 2.2
gaseous hydrogen (GH2) 5618 135 1899 221.4 46.8%
electricity exported 96.4 20.4%
water produced 180601 4334
Input conditions: T deg.C P atm. H2/C H20/C CO/H2 CH4/CO
HGR 1000 30 3.48 0.07
SPR 1000 30 2.47 2.91 0.21 0.93
| overall energy utilization 67.2%
4|All Electric Power (AEP) MW eh/day
water fed needed 260393 6249 3.1
electricity exported 4335 180.6 38.2%
water produced 311110 7467
Input conditions: T deg.C P atm. H2/C H20/C CO/H2 CH4/CO
HGR 1000 30 3.48 0.07
SPR 1000 30 2.47 4.15 0.21 0.93
| overall energy utilization 38.2%
5[FTL with water:biomass at 9:1 and adiabatic HGR (AHGR) bbi/day
water fed used 753975 18095 9.0
synthetic diesel fuel 18147 436 3512 182.7 38.6%
electricity exported 1565.1 32.8%
process water recovered 775890 18621
Input conditions: T deg.C P atm. H2/C H20/C CO/H2 CH4/CO
adiabatic HGR 738 30 1.67 0.43
SPR 900 30 0.84 3.08 0.18 4.47
synthesis reactor 200 10 1.38 0.47 0.17
| overall energy utilization 71.4%
revision 10/9/2001
Notes

No additional energy or energetic feedstock is requierd for all conversion options
All rejected waste heat is at a temperature below 40C and is not considered recoverabie
# DME stored as a compressed liquid at 20C, 5.1 atm. pressure, density 668 g/L and LHV 28.4 MJ/kg
1 bbl of compressed liquid DME has a mass of 106.2 kg and LHV CPE of 3.02 GJ
+ Cubic meters of liquified hydrogen (at 20 deg K) per day at 1 atm. pressure
Approximately 3.7 MJ/kg is needed to cool and liquify hydrogen having an HHV of 144 MJ/kg
* All thermochemical and thermodynamic simulation data as of 10/1/2001
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wat er fed needed 184387 4425 2.2 gaseous hydrogen (d-12) 5618 135 1899
221.4 46.8% electricity exported 96.4 20.4% water produced 180601 4334

| nput comaotoBoess17 T deg. C P atm 1-12/ C H20/ C CO/ 1-12 CHA/PCDUSHEH348000 30
3.48 0.07 SPR 1000 30 2.47 2.91 0.21 0.93 -T overall energy utilization -6
7-2 91.7-1 4 Al Electric Power (AEP) MAeh/day water fed needed 260393
6249 3.1 electricity exported 4335 180.6 38.2% water produced 311110 7467
l i nput conditions: T deg.C- P atm H 2/C H20/C GJ 1-12 CH4/ CO HGR 1000 30
3.48 0.07 ﬁ%ﬁaﬂ”lq 0 30 2.47 4.15 0.21 0.93 1 1 overall energy utilization
5 FTL with water:biomass at 9:1 and adi abatic HGR (AHGR) bbilday water fed
used 753975 18095 9.0 synthetic diesel fuel 18147 436 3512 182.7 38.6%
electricity expWhads tEimad32. 8% process water recovered 775890 18621

| nput conditions: T deg.C P atm H2/C H20/C C0/1-12 CH4/ CO adi abatic HGR

736 30 1.67 0.43 SPIR 900 30.0.84.3.08.0 4 esi r 200 10
1.38 0.47 0.17 %over wogﬁa%&@ pﬁ??"?‘?'%?i%’?’]‘ﬁ?egg\ﬁ é?%ﬁ&%%%%@rf%ﬁ%?es No
addi tional ener gye| @ 87864 fitb FisctriTropdch wackstud @rodde a digliddfasl ¢iesi on

options All rejected waste heat is at a tenperature bel ow 40C and is not
consi déb ed r ecoigpeyeaent oREIPEISBI%d as a conpressed liquid at 20C, 5.1 atm

BVE has a mss of 100 EaberppAts el dyyckaleh iy SATRERRACE 1 a1 ¢

li qui fied hydrogeordeatand@vateq infp speydrdeagasificatioatreactpr asder contfifiersxi mat el y
3.7 M/ kg is needed to cool and I|i if}/ h%/dro en hav{ggjg an HHV of 144 M)/ kg
Al thermocheni ¥hergbymetRancughRIAGCST BAPES AtHISRR"E of 10/1/2001

feeding the methane rich producer gases from the hydro-

10 gasification reactor into a steam pyrolytic reformer under conditions
whereby synthesis gas comprising hydrogen and carbon monoxide are
generated,;

feeding a portion of the hydrogen generated by the steam
pyrolytic reformer into the hydro-gasification reactor as said hydrogen

15 from an internal source; and

either utilizing said synthesis gas generated by the steam
pyrolytic reformer for process heat or as fuel for an engine to produce
electricity, or feeding said synthesis gas into the Fischer-Tropsch
reactor under conditions whereby a liquid fuel is produced.

20
2. The process of claim 1 wherein said portion of the hydrogen
generated by the steam pyrolytic reformer is obtained through a

hydrogen purification filter.

25 3. The process of claim 1 wherein said conditions and the relative
amounts of said carbonaceous material, hydrogen and water in the
hydro-gasification reactor are such that said methane rich producer

gases are produced exothermally.

30 4. The process of claim 3 in which the conditions whereby

methane rich producer gases are generated include a super-
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31 WD 03/066517 PCT/ US03/03489 the clains What is clained is: 1 . A
process for producing a synthesis gas for use as a gaseous fuel or as feed
i nto Fi scweres/ie@spsch reactor to produce a liquid fuel, theCTAHSos48Yenment
conprising: feeding carbonaceous material, hydrogen from an internal

source, and water, into a hydro-gasification reactor under conditions

wher eby net hane rich producer gases are generated; feeding the nethane rich
producer gases fromthe hydro 10 gasification reactor into a steam

pyrolytic refor éﬁh%‘? fel ons  whereby synt hesi s gas conpri sing
hydr ogen and caaﬁ'gn nono ﬁ%ggére generated; feeding a portion of the

hydr ogen generated by the steam pyrolytic reforrrer into the

hydr o- gasi fi cat on r ctor as said hydrogen , 15 f sour ce;
and either util #zi ng GiRFOSSH HeAm HoL @eﬁhgt(@&g%@%@é}sgﬁ@%&al Byrol ytic
reformer for pr%eﬁ'@]hﬁeaﬁ y@tb-cisificatibn Fesctanas agiiney bpcaremdesous! ectricity,
or feeding said synthesis gas |nto the Fi scher-Tropsch reactor under

condi ti®ns wher pbsticted inquaitérf uel is produced. 20 2. The process of claim1
wherein said portion of the hydrogen generated by the steam pyrolytic
refornmer is obtained through a hydrogen purification filter. 25 3. The

process of claig 1 WraegirBcss 6f siairds tn whscresald shery il fotree by arindinigs  of
sai d carbonaceous material, hydrogen and water in the hydro-gasification

reactor are suchaldmrb@laﬁi@%trﬁamlalinc\Maﬁﬁoducer gases are produced
exothermally. 30 4. The process of claim3 in which the conditions whereby
nmet hane rich producer gases are generated include a super- 32 WO 03/ 066517

PCT/ USp@/ 03489 7at m?hb%rb@esy eflsdaines ibwhidresaid shessobéarbbaacedus n whi ch
t he carbonaceous nater. al
material is heated with superheated steam from a steam generator

prior to being fed into the hydro-gasification reactor.

8. The process of claim 7 in which the superheated steam is

15 separated from the slurry, prior to feeding the slurry into the hydro-
gasification reactor, and is fed into the steam pyrolytic reformer to react
with the methane rich producer gases from the hydro-gasification

reactor.

20 9. The process of claim 7 in which the slurry, together with the

superheated steam, is fed into the hydro-gasification reactor.

10.  The process of claim 9 in which synthesis gas generated by the
steam pyrolytic reformer is fed into a Fischer-Tropsch reactor under

25 conditions whereby a liquid fuel is produced.

11.  The process of claim 10 wherein said conditions and the relative
amounts of hydrogen and carbon monoxide in the Fischer-Tropsch
reactor are such that said liquid fuel is produced exothermally.

30
12.  The process of claim 11 comprising transferring exothermic heat

from one or both of the hydro-gasification reactor and Fischer-Tropsch
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fed into the hydro-gasification reactor as a slurry of carbonaceous 5
particles in water. 6. The process of claim5 in which said slurry is
formed bywgromeisny said carbonaceous material in water. POTAUSOTIRSPr ocess
of claimb5 in which said slurry of carbonaceous naterial is heated with
super heated steam from a steam generator prior to being fed into the
hydr o- gasi fication reactor. 8. The process of claim7 in which the
superheated steamis 15 separated fromthe slurry, prior to feeding the

slurry into the 9o o9aBbriddtRof ﬂtﬁbhét%%ﬁﬁ gémer@ftﬂ' arfd fredstbanpyrbFtis t eam

pyrolytic reformer to react wth e nmethane rich producer dgasés fromthe

hydr o- gasi fi catiedormareact or. 20 9. The process of claim7 in which the
slurry, together with the superheated steam is fed into the
hydr o-gasi fication reactor. 10. The process of claim9 in which synthesis

gas generated by3theThshRsBsRYETAAH $1 E6MPFiERG trandi@dingrd@tifermic heat
Fi scher-Tropsch reactor under 25 conditions _whereby a liquid fuel is

producéd. 11. Themghedwdso-gasificaiion tendigreand hisshedT tansehtreadeor e he
rel ative anounts_of hydroge ' Ln the Fischer-Tropsch
reactor are sucﬂtetaﬂ‘age %ﬁgﬁl%ﬁﬂg ﬁ%@?\%}g&%ﬁ%%@ﬁgngot hermal ly. 30 12. The

process of claim 11l conprising transferring exothermc heat fromone or
both of the hydro-gasification reactor and Fischer-Tropsch 33 V\(i) 03/ 066517
PCT/ US03/ 03489 t4act bhe peocass iclaigt k3 iy which repkemsale e Uskd Phe st eam

pyrolytic ref O{rggf?r &gﬁdt%ﬂ%&hﬂ&ﬂ%aof claim 11l conprising transferring
romthe hy

exot herm ¢ heat ro-g asifi cation reactor and
Fi schery Tropsch reactor to the steam generator and the steam pyrolytic

reformer. 14. The process of claim 13.in which nolten salt |qops, are used
to transfer sal® exﬁ?‘ﬁé’mﬁeésﬁgﬂa.'ml '@Wh"’ﬂﬁ@‘"ﬂ)%m%?u%mﬁqﬁﬁil in which

sai d carbonaceoysmpRL&d bdnagsonPri ses bi omass.

16.  The process of claim 15 in which said biomass comprises

15 municipal solid waste.

17.  The process of claim 10 in which the relative amounts of
hydrogen and carbon monoxide in the synthesis gas fed into the
Fischer-Tropsch reactor are such that said liquid fuel is substantially

20 cetane.

18. A substantially self-sustaining process for producing a liquid fuel
from carbonaceous feed, comprising:
grinding said carbonaceous material in water to from a slurry of
25 carbonaceous particles;
heating the slurry with superheated steam from a steam
generator,
feeding hydrogen from an internal source, the slurry, and the
superheated steam into a hydro-gasification reactor in amounts and
30 under conditions whereby methane rich producer gases are generated
exothermally under super-atmospheric pressure;

feeding the methane rich producer gases from the hydro-
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16. The process of claim15 in which said bi omass conprises 15 mnunici pal
solid waste. 17. The process of claim10 in which the relative anpunts of
hydr ogen wod3oedshbn nonoxi de in the synthesis gas fed int®Crheso3/03489

Fi scher-Tropsch reactor are such that said liquid fuel is substantially 20
cetane. 18. A substantially self-sustaining process for producing a liquid
fuel from carbonaceous feed, conprising: grinding said carbonaceous
material in water to froma slurry of 25 carbonaceous particles; heating

the slurry wit hpﬁ%'iﬂ@étme‘aaﬁ, St did %G‘Rgrr%a?é’d*kte%ﬁ?ﬁﬂ@facgtéaﬁn%ﬁi‘bIWc hydrogen
t urry, a

froman internaPF source, te S the superheated steaminto a
hydr o- gasi f i cat reformeragnder domditiomsnwiserabyl systhesisogas eanprising iydipgareby
met hane rich producer, gases are generated exothermally under

super - at nospher ?Edﬁﬁétécghm@f‘o?('éi@cﬁq’ﬁ§etrﬁéatﬁgt hane rich producer gases from

t he hydro- 34 WD 03/ RGH; SRgeheedd By thealagf and said
R TIOR3 onsngpitosd o

superheated steamin pyrolyti'c Teformer under conditions whereby
synthes$s gas cpymiytisi nefprmeir obtaimedsiough 8 bydragem@uricatien fiek inteed;

feeding a portign of the hydrogen gen by t - '

ref ormer, obtai _ﬁ'é?dﬁl’qu' catig J?ﬁégﬁetb%h%f%@!’ﬁq @%reﬁﬁfﬁe@t‘) ﬁsﬁmlﬁb%ﬂ%ﬁ
hydr o- gasi f i cat h9grdg@AGkdh antiRferhxidouges, therefrom constituting said
hydrogen from an”i nf'ernal source; feeding the renmai nder of the synthesis

gas generated by t hefeesingthepiararipdecof tapdivpthesisigas oaaemted Rether opsch

reactor under 10 conditi I QUH G i

exot hermal | y; aﬁgeqnp 8“@3@}%;}%%%%{38%&?‘%Ii(:'g#léegtﬁpgé%‘ ? ﬁg&ﬁsgﬁgergasi fication
reactofg and Fi geheitions apeedby gdiqlidrfuebistgredstezhexatbammalyorandnd t he st eam

pyrolytic reformer, whereby said process is s bséanti al l'licaz'el f- sustai ni ng.

15 19. The process ofrapsi@ring sxpthepniccheatdion fhehyqrorgrsitcalion rgaghyr: o

and Fischer-Tropsch reactor to the steam generator and the steam
pyrolytic reformer, whereby said process is substantially self-
sustaining.

15
19.  The process of claim 18 in which molten salt loops are used to

transfer said exothermic heat.

20. The process of claim 18 in which said carbonaceous material

20 comprises biomass.

21.  The process of claim 18 in which said biomass comprises

municipal solid waste.

25 22.  Apparatus for producing a synthesis gas for use as a gaseous
fuel or as feed into Fischer-Tropsch reactor to produce a liquid fuel,
comprising:

a source of carbonaceous material and water;
a hydro-gasification reactor; and
30 a steam pyrolytic reformer;
piping connecting said source of carbonaceous material and

water to the hydro-gasification reactor for feeding carbonaceous
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transfer said exotherm c heat. 20. The process of claim18 in which said
carbonaceous material 20 conprises biomass. 21. The process of claim18 in
whi ch saiwoOlBoe@ss conprises municipal solid waste. 25 2PCTASpaozBUS f or
producing a synthesis gas for use as a gaseous fuel or as feed into:

Fi scher-Tropsch reactor to produce a liquid fuel, conprising: a source of
carbonaceous nmaterial and water; a hydro-gasification reactor; and 30 a
steam pyrol ytic reforner; piping connecting said source of carbonaceous

mat eri al and ; . j &d ' 1o 5 i :

car bonaceous \3@%%,@%@9@?}%%%%@&%&%de er ?rgclj Egilbg mtg gdrm?ﬁ'er eto to
ﬁener ate met hane and piging oonmestimgi the hyprgoagificatinrersacty torilee steam

%E’LE&%""?E ch' pr BARER T derEeai i P A B SRR e R R act or o
the steam pyrol yi BIJRNfickBoR réAR6F &) ]eSBAMaRirslyBe fefoANBY icSi N

hydr ogen and cai{rtgﬁeﬁ nroxdl%el' gné pi pi ng gonnec?iﬁ"rrl y?ﬁe st eam pyrgl ytic

reformes to thegeperaie synthiesiscgas compesiog dyydragen ardicagon rEReXieR; of t he
hydrogen generated by the steam pyrolytic reforner into the
hydro-gasi ficat @ reactor. 10 23. The apparatus of claim22 including a

hydrogen purificati opifihd e6hnedtitgotghstadingyrolgiicraformeétio the Hygds-ogen
generated by the steam pyrolytic reforner is obtained. 15 24. TCF
apparatus of cl gesifizatiomteasienfgr feegingadortien af the hsiregen ggnergte ﬁ)é

CTurry of the cuibsham BueSEReRi e 18 o RyaR BB ERAE . | Ccoptacl

slurry of the carb . pr’pi ng connecting the receptacle
El'ﬁ t heqfpydro-gasification reactor for feeding the slurry thereto. 20 25.
e apparatus of_ claim 24 incl|uding . a _
PP 23.  The apparatus of c?aim 5 Fn% u r?gn grhaylltdf?cggcatnoplh]r?faf(:tatlon filter
through which said portion of hydrogen generated by the steam

pyrolytic reformer is obtained.

15 24.  The apparatus of claim 22 including a grinder forming particles
of the carbonaceous material, a receptacle for the particles and water
to form a slurry of the carbonaceous particles, and piping connecting
the receptacle to the hydro-gasification reactor for feeding the slurry
thereto.

20 ’

25.  The apparatus of claim 24 including a steam generator to heat
the slurry of carbonaceous material with superheated steam, a steam
separator for separating the superheated steam from the slurry prior to
the slurry being fed into the hydro-gasification reactor, and piping for

25 feeding the separated steam into the steam pyrolytic reformer to react
with the methane rich producer gases from the hydro-gasification

reactor.
26. The apparatus of claim 24 including a steam generator to heat

30 the slurry of carbonaceous material with superheated steam whereby
the slurry and superheated steam can be fed into the hydro-gasification
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the slurry of carbonaceous material with superheated steam a steam
separator for separating the superheated steamfromthe slurry prior to

t he sl urrwogiosggifed i nto the hydro-gasification reactor, pamdSps/pssyg for 25
feeding the separated steaminto the steampyrolytic reformer to react

wi th the nethane rich producer gases fromthe hydro-gasification reactor.
26. The apparatus of claim24 including a steamgenerator to heat 30 the
slurry of carbonaceous nmaterial wth superheated steam whereby the slurry
and super heat edg%éﬁgl? can be fed into the hydro-gasification 36 WO

03/ 066517 PCT/ U 489 reactor. 27. The apparatus of claim 26 including
a Fischer-Tropsch reactor and piping connecting the steam pyrolytic

reformer to the _FEischer 5 Tropsc eactor for feedin e remni nder of the
synt hesi s gas gez,nera_?‘@c?p@)?r@tﬁé £ 'PS[%W@?S?%\%F;&OP%? f gor
Fi scher - Tr OpSChanBeiﬁ}girg rcohﬁe{,ﬂ eSst8aii HbIYtiE WelorméBio theerisstat at us of

claim 27 including en salt 1 oops to transfer 10 heat fromone or both
of the Hydr o- gaJrépscht ieantor fardfeedingritie Femalingter of thpswihesis@asr to one or

both of the steam generator and the stea rol yti efor . The
appar atus of cl Qﬁﬁgﬁar%eﬁ’ ﬁXE%F%WVEOZ\H'CS%}QW%dB% tb% F{'ﬁﬂ’?ﬁ@ PSYE heat from
t he hydro-gasifh@ﬁtb% preaGESh IR fdepcher - Tropsch reactor to the steam
generator and the steam pyrolytic reformer. 30. Apparatus for producing a

liquid fuel in a substantially self- sustaining process, conprising: 20 a

source of car boggoeols I GrLal ARS8 ABRIBASR fnBRCtOT

steam pyrol ytic en ‘purrrircation

Fi scheqg Tr opsch heaefibAr one28r Bothirdfiie hyfir-gasification iealcts anid Fibeherar bonaceous
material; a receptacle for the particlgg and water to for 5eslurry of the

car bonaceous parfeRsQsreagtoste ane & hoiaPhihe segrugenaratasanditde P Mct i vat e

the carbon by pyrolytic reformer.

29. The apparatus of claim 27 including molten salt loops to transfer
15 heat from the hydro-gasification reactor and Fischer-Tropsch reactor to

the steam generator and the steam pyrolytic reformer.

30. Apparatus for producing a liquid fuel in a substantially self-
sustaining process, comprising:
20 a source of carbonaceous material and water;
a hydro-gasification reactor,
a steam pyrolytic reformer;
a hydrogen purification filter;
a Fischer-Tropsch reactor;
25 a grinder forming particles of the carbonaceous material;
| a receptacle for the particles and water to form a slurry of the
carbonaceous particles;
a steam generator to heat the slurry and activate the carbon by
pyrolysis with superheated steam;
30 piping connecting the steam separator to the hydro-gasification
reactor for feeding the slurry and superheated steam thereto to

generate methane and carbon monoxide;
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pyrolysis with superheated steam 30 piping connecting the steam separator
to the hydro-gasification reactor for feeding the slurry and superheated
st eam t hewetos/06€517 gener at e net hane and car bon nonoxi de; 3PCIDSOBHACH517
PCT/ US03/ 03489 pi pi ng connecting the hydro-gasification reactor to the
steam pyrol ytic refornmer for feeding nethane rich producer gases generated
in the hydro-gasification reactor to the steampyrolytic reforner to form
a synthesis gas conprising hydrogen and carbon nonoxi de; 5 piping

connecting the steamﬁﬁgk%h&tfﬂ?ﬁ?éwdr&_gagmfga drsctdon the G8an react or

t hrough t he hydrogen rcatio I'l'ter for tfeeding a portion of hydrogen
gener ated by t heysilgiongiymesnfor feedafgpmethanentich phaducey daseggenérated i on

reactor; and pipi connecting.the stea rqolytic reforner to,the Fischer-

10 Tropsch regcﬁ)’bﬂ‘ng rP&ﬁ?i'fl?g‘t'Pﬂée?gﬂﬁf&@%r&S%n}%O%ﬁ{?%gm?r Séﬁbrm

gener ated by t_h% émﬁ'&"?éégﬁ“‘wﬁisr fﬁyd}g?e,i, Bhe dalﬂ@othﬁjm _rd-e]'r opsch reactor
uel . ) e

to produce a liquid | pparatus of claim 30 including nolten
salt | 0oBps to transf @ipingsoheaatingrthesterRmaryrolytie refprmeetoriigriydiesi fi cat i on

reactor and Fischer- Tropsch reactor.tq o : ener at or
and the steam @eticatieR reqdQyt (?L!g?é@.eorﬁdgg%%é)QBQ{'{E%&&I%?;&@ gg]r%n"%l udi ng
mol ten salt | oopgrfich 6f MHFHGEN géRefzféd bl titensidzen Byivticoesormerdhiodther eact or
and Fi scher-Tropsch reactor to the steam generator and the steam pyrolytic
reformer. 38 hydro-gasification reactor; and
piping connecting the steam pyrolytic reformer to the Fischer-
10 Tropsch reactor for feeding the remainder of the synthesis gas
generated by the steam pyrolytic reformer into the Fischer-Tropsch

reactor to produce a liquid fuel.

31.  The apparatus of claim 30 including molten salt loops to transfer
15 heat from one or both of the hydro-gasification reactor and Fischer-
Tropsch reactor to one or both of the steam generator and the steam

pyrolytic reformer.
32.  The apparatus of claim 30 including molten salt loops to transfer

20 heat from the hydro-gasification reactor and Fischer-Tropsch reactor to

the steam generator and the steam pyrolytic reformer.
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