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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



15 be stored in a tank on a vehicle at high pressures that can be a safety
concern in the case of |eaks or sudden rupture. The distribution of liquid
fuel s iswowsle@dasi er than gaseous fuels, using sinple pume3/tzasioaspel i nes.
The liquid fueling infrastructure of the existing transportation sector
ensures easy integration into the existing nmarket of any production of

cl ean-burning 20 synthetic liquid transportation fuels. The availability of
clean-burning liquid transportation fuels is a national priority.
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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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tipping fee, presently at $30-$35 per ton, is usually charged by the waste
managenent agency to offset disposal costs. Consequently not only can
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be consi deiva$te, fB8SAFPRNGREONSoFIPONeNts of this waste material have chemic
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.



5 obtaining new resources for fuel production since the material feed stock
is already considered a waste. w thout value and often it's disposal
creates wodBws@nal sources of environnental pollution. SERVARY/CHSTHE

| NVENTI ON The present invention nmakes use of steam pyrolysis,
hydro-gasification 10 and steamreformer reactors to produce a synthesis
gas that can be converted into a synthetic paraffinic fuel, preferably a
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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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can accept arbitrary conbinations of coal, urban and agricultural bionass,
and munici pal solid waste for hydro-gasification. 2)A first stage, steam
gener at orwbas/opssn Dl ysi s and hydro- gasification unit. 203PAT4iSeM48Ef or ner
as a second stage reactor to produce hydrogen rich synthesis gas fromthe
out put of the first stage steam generator for pyrolysis and

hydr o-gasification unit. The nolal steamto carbon ratio is mintained as
necessary to bring the chem cal reactions close to equilibrium 4) Either
(a) a Fisc = J +dd i 1h§\§ﬁ as a
third and |nogTég%)gga;nﬁ%ﬁ@%%ﬁt%rggﬁ,\f/@?%éét%gbgglrﬂh%gésrf)gé%tgp?r om H?Lce st eam
ref or mer i tigwiddusis! ffam carmmackeas natenals guchqsi waste anganictraatedalsfisel ,  and

recycled water or, (b) use of ner ated synt hesi s as fuel for process
heat and/ oPNEVaY ‘qﬁ%lv% Sﬁé)rggleab% ﬁt‘ﬁ' Hi/"ﬂ?@q'f)ﬂé%% C%%P’Eé’ﬁ@f‘ﬁt“@s fectricity;
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operated to produce nearly pure paraffinic hydrocarbon liquids (simlar to

petrol ebim obtaininghew eeselrdasdbs jueh produstion;siececibgpoatedial fesidstoel ist o

petrol eum derivyed USP paraffinic.jell]i ich n r r..refined
into nore @ﬁ@gé}' ppp%ge'ﬁrﬁ)@FSW%StESWHBO%tOVﬁﬁ%?\ﬁ@r?ﬁ?nﬁizstﬂ'ggg%é‘fcﬁg °Zar bonaceous
feed stockgdlfienBl s5ureesbeenviRRental pollk@iohi nuous sel f - sust ai nabl e fashi on
wi t hout the need for additional fuels or external energy sources. The
reactor configurations_can also be optimzed for the production of other
synt heti c ﬁ!{-ﬂ\ﬁM,A%ﬁQF FHEINMENTIONt her (a fuel sinilar to propane, that
can be used as a transportation fuel in diesel 10 engines and gas turbines)
and gaseous fuekar i j | j and
FLrbinos. and | 1T L A e O e i T B e e ca
fuel it0a &ndlstearhirgforaer veddiosstogmedyes &systhesfsegdsthghsas bef or conbi ned

| i | ectri.c. tion. The fundanent al
ivant ages CORVELEG Ntaganinsle Faal PR peleraly AiPse) P SRR he or i o
art, are: %%th%ﬂérg%ct:rﬁfe‘si SAERE plopiidfon TREI5AA alsy BE weddeusiripan t he

avai l abl e carbon i'n e carbonaceous feed stock using steam p¥r olysis to

activat e t IrisoherJoppsohdpargtindyehsyyikesis reardos ofkemnativelys thegynihesds ant, in

aadi ¢+ onal GBRevayob BeBin b Bl SRt BT RO TSR ARG feCesary

20 oxygen; s(étbnthERé paédant ielchtisn pravides copeprehensivelequilieritinT shersicge hydr o
gasification reactor by feeding-back surplus hydrogen gas produced in the
second st aghemiaa @nalyses ion @ BeoeAbFlass f corprodegtionirggssas it synt hesi s

of clean-b ing: t -1 on £ i f t t he
oteam 1ot SV RS SRIEHLOLRNS Rt frahelOafod RIS thetd ordBReeddBy, o
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of all reactors
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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managenment of thermal and chem cal energy using conbinations of nolten 30
salt or water/steam heat transfer fluids, conbustion of product energetic
gases to woaswe@mnt mai ntai n process tenperatures, recover @¢TASOYeR89 heat
for 7 WD 03/066517 PCT/ US03/ 03489 the generation of electric power, wthout
the need for additional fuels and external energy sources; (e)
significantly reduced airborne em ssions fromall enclosed processes
reactors and/or synthesis gas combustors when conpared to direct naturally
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can accept arbitrary combinations of coal, urban and agricultural biomass,

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;



10 Figure 10 is a graph show ng the effect of input H20/C ratio on steam
reformer (SPR) perfornmance neasure by the net H2/COratio after H2

recycl i ngwbos/o6dse7 HGR at 1000C and 30 atm Figure 11 is aPgmagsa3/edasn ng t he
effect of changing the input H20/C ratio on SPR products, CO CO2 and CH4
in the SPR at 1000C and 30 atm 15 Figure 12 is a graph show ng the effect
of Tenperature and Pressure conditions on H2/COratio in the SPR (2.76

nol es of H2O nole of C added to the SPR); Figure 13 is a graph show ng the

ef fect of Tenpegat ur S - b oBef@bi % i N the SPR
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showi ng t hprodase neladw pich eardffinicdfydBicarbess liqiddd (simjkes itd petroleom f or
production of Fischer-T affin fuels; 5 .is a,di agram

h . .Fi.
Showi ng ¢ hdeTHSCLEioRPdHel RBAISE IR CHMBRHALS Sifilb o paTaledmt deliyeror
product i Onu%fghﬁééﬁpﬁ%;?ﬁr&?%‘%é%é ifwﬁéiﬁbﬁheaﬁth;rﬁesB'rbediéﬁemmeauélisagr am

show ng the er na ergy agenent Schematic o i omass
Hydr o- dasi Gisingtconweritiongh nuathods dfrorofcarhansoeous fegd stockpdsudgtt aswesta s; 9 WD

03/ 066517 PCT/ US03/ 03489 Fi e 17.1i di agr | : t eam
Fl ow Schen¥PpPd) i5ra C@?WI %%?‘bsjtﬁ'gléﬁlreﬁéab'Pgﬁﬁﬁiqu%ﬁ%g@ ?cgrnélé%%'%r{&
Fi scher - Tr gRECHr Paefid lenefdiesircEs 9The rd8ctos confilyagtions savuisathdbl ten Sal t
Fl ow Schematic of Bi onass I—%i/dro- gasification for production of
e

Fi scher - Tr optimlzegddoathe profluelien ofothieg gyrihetic fuels, sHch@sdinelbvistiieMass FI ow

Schemati c pf ,Bi amass 0+aasifJ L r ] £y Clii hyl et her;
i gare 20 Mo SRS R Y 6 kpad e iR bR B i e
hovi ng Ther B P agorant C10, Senormt (o of B ommes o cane (l agram
Hydr o- gasi bﬁ@éﬁﬁ@heﬂg%eﬁ%&%miﬁﬂs’cﬁmﬁ REEHgA tafaraeve earbondmonoxides di agram
show ng WaLer/ Mt Bi z ki i or
producti onggfa n§| %ﬁ}éﬁeﬂ’ggﬁgpgﬂﬁl égﬁlreggg@’ ?5@2%%@{35?%%&%8@% tgfﬁ Sal t

Fl ow Schenfdricomifinedtycte powdy doovegesiorn andelestrid powpr prhgitictiom of di net hyl
ether; 15 Figure 24 is a diagram show ng Mass Fl ow Schematic of Bi onass

o agr am showi ng B SABAR L ACKERPG-D P B0 Mt Or A WA ot on for —
pr oducts ongefhieGAse Wit thedsiRgeit, fve! (a) EnektyeoBichs (B58% patettarshiowi ng Ther el
Ener gy Managenent 20 Schermatic of Bi omass Hydro-gasification for production
of gaseousptodictige fron the avaiiaple earbpniig the garhgnareardiaesstogk BFINGt eam FI ow
fS ﬁgle;mat e eame)gr%?fs?s y LR828d LEaBbh YhdIR)drBE 8T YSE ':8Mh 8 soRARRRMRg Ny dr ogen
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



Figure 28 is a diagramshowing Mdlten Salt Flow Schematic of 25 Bi omass
Hydr o-gasi fication for production of gaseous hydrogen fuel; 10 WO 03/066517
PCT/ USO3/WB48@6dSitgur e 29 is a di agram show ng Mass Fl ow Selgresns/e3489

Bi omass Hydro-gasification for production of electricity, Figure 30 is a
di agram showi ng Mol e Fl ow Schematic of Bi omass Hydro-gasification for
production of electricity; 5 Figure 31 is a diagram show ng Thernmal energy
Managenent Schematic of Bi onmass Hydro-gasification for production of

el ectricity, F 3 | j ' t ' apehemati c of
Bi omass I—lytﬁreéJfal g?%g%t?]lnc%ft%l%%tﬁ? ?P%grg\g'&ﬁ:?@\émegjfe\%Ifgiéiﬁiglgi@'??(lﬁlﬂygure 33 is a

di agr am sheuémal hétgyrsoBates; e psigBificenty redused aioBie aaxssions from all

dro-gasification for production of electricity: Fiqgur is a nmass fl ow
|s_l%:/hemal?i c %cl%ﬁ%@geﬁ%r&a@ ?ﬁﬂé&?ﬁ%ﬁﬁ‘ 1S 98% éQWEPgthrgﬁ\gﬁéﬁ paraffin fuel

producti on4i5pRA4AB ALCARALFAN EIBiRRE BofiblistiorlBualipkflowfidgigerdS (s 2

mol al flow schematic of biomass hydro-gasification for 15 Fischer-Tropsch
par af f Bn fineinepatim) of frencarbongceousigiedtatesialscrndrilithe apility togapiureeed:;

Figure 36 is a thermal ener na t j f..bi

hydr o- gasi | €83§4S ?364)°¢B?8% g%f’@ﬁg{gﬁ'q'p%r?)g??%éfcﬁ%r Oﬁlr?ﬂétg%?f(?cc?r? Susing an
adi abat'i ¢ &8 gas LomblRtRs fbresstiusdfralibs ahe/c} Ehismicalwaineersidrearo f | ow
schemati c bi omass hydro- gasification for Fischer-Tropsch paraffin fuel
pr oduct i oncarslemged phage gompasndsieRintheenvestionalieehnelegi®s: Fi gure 38 is a
nolten salt flow schematic of biomass hydro-gasification for

Fi scher - Tropsc i ; i I IRt pd a. 9:1
25 vt e food.  THoYD 0T sRHEQRERAY BLIR R8T PR R R e SRR o T

| NVENFIQON ) isfpeve grneverhbh efffotenqyyof@nesgy utiizatioo-fomsdrbooace®ss react or (HGR)
and steam pyrolytic refaornmer (SPR) .(also calle .Steam pyrol viti_c reactor,
steam ref®@ falé’Pn%Qré%'F‘@a‘é‘?'%F‘?ﬁ@'gﬂ ngntﬁgléayqqﬂgtéc M%I%%%%%?%dmay be
utilized Seh & Eroduce the synthesis gas (syngas) through steam pyrolysis of
the feed 2t00 , hydro-gasification and steamreform ng reactions. The
reactions start in the HGR to convert carbon in the carbonaceous nmatter
into a methane rich pBRIEEREFSRIBRION T B DIRAWING

synthesis gas with the correct hydrogen and carbon nmpnoxi de stiochionetry
for efficient opiguat il omadiow diagremmshowing the eyarah madsiiag of thg presens

Fi scher-Tropsch process as the final step in processing, products such as
synt hefd ¢ g%{']‘?rge, synt hetic diesel fuel

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;



and recycled water can be produced. The feedstock requirenent is highly
flexi ble. Many feeds that consist of different carbonaceous materials can
be wet mwbDadotes1forma water slurry 15 that can be fed atChiupa3/fE4essure
into a steam pyrol yzer, hydro-gasifier and steamreforner reactors for
synt hesi s gas production. The feed to water nass ratio can even vary
during the running of the process, with a know edge of the chem cal
content of the feed, to maintain the carbon-hydrogen stiochionetry
required for a“FigHFé flig 8 HeLhSWNGRSI FfeRt B FeMmpefitifoand Rressife

car bonaceous mat éri al s 1 riclude biomass, natural ?as, oi |, petrol eum coke,
coal , pet renriitiorsaon St/ edtioniorthe iYGRratdixed Jeas of Reb2OBolesiaidliand tires.
sewage sl ud nd .ot h rgani c es. For exanple, wood is an exanple of
wast e bi on%rg§5 @P?&?H2ﬁa‘?eri@°'ﬁm’ly avail abl e in Riverside County,
California. This particular waste stream could be augnented wi th other 25

carbonaceous natg(ebBss afqgébh 8RoWIrREtheVisifiice oRMemipietstald disd Pressunat er
treatnment that are available in Riverside Counté2 and vvoul? ot herwi se go to

| andfi 5 . cumeditionseon Ho/Graadie ia the AHaB At fixed beed ab.628 jepleg of hiz fuel, the
process is Laned_s f:?q_gtstock makes the maxi mum anmount of 30

Fi scher-Tr%§§§Z%§P§§i%@%¢@§I§c r'equi red. The desired out put consists of
a 12 WD 03/066517 PCT/ US03/ 03489 |iquid hydrocarbon, such as cetane,

Cl6H34, within Fierearidargraphishowiranthe, effer? of beaperaiura and Eressuiedi esel

fuel . Ex t hesi fromthe SPR ... . ‘heft " cheni cal
erer gy 11 NI SE R TRFR o 1 RER 154 HEPozpanfiep ag i blhos, can be-
used as ano.%$§|7gﬁ)t|é§ﬂ1fp.{% peP nidl® oflcyas turbine for 5 "electricity

n.

producti o e synthesis gas output after recycling enough hydrogen to
sustain the hydro-gasifier, may be used for this u;é?se al so, dependi ng
on thelneeds of Fignee 46ds a graph sbowing thg gffest pliswuh Ha{hsatic e S8R ni zi ng

car bonaceotsto T Gt AnSE ES ) BETR RISyl Sl ve of

t he possi b,iéc:yb[}'ndﬂj’rtﬁét}-ﬂylk £10007¢ ang@@atmmr oducti on through a gas turbine
conbi ned cycle. 1) Find approxi mate data on avail abl e carbonaceous wast es,

their chem cal conposition and perform further analysis.on th racti cal
need for the pFigeeedligs Q’?P%BEW'W%@ei‘?@Pgﬁk‘a?@ﬁéiﬁ%wmﬁ{(ﬁ the
process congiest BBEolodudfs HEATDISAATOLPI $RISPRIAHDBDC Ry dDamRs i er
steam reforner, and Ihe I'scher-Tropsch Por ot her fuel synthesis) reactor

on a continuous flowthrough basis. This may be done by optim zing the
Fi schet5 Tr opschFigure d@hisia graph shewindhihei eftact of deamesanre apd Fhesspei num

Syt hos! 2EONGORPRATAGTaiaah iR S Riar ok reTanot OB o addiid, 0 g

prepare thgd SPRY); material required, capital costs, operating and
mai nt enance,

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;



and product yield and costs. Specific inplenentations are given belowin
conjunction with flow 25 charts provided in the Figures, denonstrating the
conver si oOWOmB/09@$1 e wood, as the candi date carbonaceous wPeTArs0zh3482 0 a

|l iquid diesel transportation fuel, recycled water and an alternative power
source, via a Fischer-Tropsch process linked to a gas turbine conbined
cycle. 13 WD 03/066517 PCT/ US03/ 03489 The t hernp-chem cal conversion of
carbonaceous materials occurs by two main processes: hydro-gasification
and steamrefor L O : W [ ie@guUrring
within the steaﬂgggnﬁé o:dhﬂggé@?%H%@%%ﬁd%azggtéﬁégﬁaﬂ@ﬁg?big@aéglg%he car bon
cont ai ned BibatesHydrogasjfibation ési groductibr ebiscker-aropsah parasfin furlspyr ol yzed
car bonaceous waste, hydrogen, steam reacting in a vessel at high

hoor oxt ot ol v DU B e D ER A hyBed Bigien el TG SEREMEILER, 51 or i ng o
the met har@ogrha%gtlﬁ%érb%fi&%n% HOEtdICR Pis8Re-FRIPSCR Daraffin dpgls 0Xi mat e

pressure o spheres and 1000 degrees Celsius. 10 Mdre generally,
each process can be conducted over a tenperature range Q{ . about 700 to

1200 dégrees CeFiglres1ifia diagramsshowing MassutlopoSehematic gt RiogiRsr es. Lower

t enper at ures, and pressur f .eaction rates with the use
of appropr}i%éqrg"g%ﬁﬁﬁq G fggpé%@gﬁéﬁgﬁgm#rﬁ?n%{h?é Figure 1, which is an
overal | flow diagram the order of 15 general processes that carry out
these main readtigare RO GcasEFaimssiziving Male ddowiSchematictef Biomaaspar ti cul ar

enbodi nent are in_the flow di agrans,_sho i.,n Figures 14 through 38).
Pi pi ng i s ¥&Q-gasificatipayfor H@dh’g{'%m Péalé“%q/ﬁv'o‘%fﬁﬁﬂt he process. The feed 11 is

chopped, mlled or ground in a grinder 10 into small particles, mxed with
the recycl ed watiglrcl31 48 dh ﬁﬂstWiﬁ?ﬂ%&bﬂEhérWMbﬁagerﬂ@nﬂ4 as a liquid,
r

suspension slurry 16 that is transportable as a conpressed fluid by a punp
18 t 0 1@ st®amergatiephBiomass kydmoegasificationfey prosliuction of gisretbytethernd
pyrol yzed, followed by either separation of the steamin a steam separator

22 so that steaﬁwiggge,eiagéy%}am@%d;agégjvé%?;&égmqﬁgﬁ@é%méﬂm pi pi ng t hat

delivers the pu or a direct steam 25 pyrolysis

feed througidyniisel MgdrdZgasiieatiderisepiduction phdinesthplesth@6, or the direct steam
pyrolysis feed 27, enters the HGR 28. Hydrogen from an internal source

(fromthe steam _ reforner via a hydrogen separation filter. described bel ow)
and a fraction bigure B8 iHaLRFae W'Baﬁé@ierggégﬁqw hpmaélctoﬁe HGR 28 for

t he desiregd; 0 insdthyl &hael y of net hane,

hydr ogen, e‘gg%%%%%@ﬁ%}gﬁﬁfgﬁgaiB%gr%-eﬁ%gtggglnzéf egm The gases produced by

the HGR 28 | eaves the 14 WO 03/066517 PCT/US03/03489 chanber and is punped
over tid the SPRFiglire 2Hds ardiagraot shpwingiMags Flow shgmatic 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



fromthe HGR is periodically removed fromthe bottom of the reactor vessel
using a doubl e buffered | ock-hopper arrangenent, that is commonly used in
conpar abl woligbespr essure gasi fication systenms. The ash i sPeTpsos/exdse o be 5
conprised of sand, Si02, and alum na, A1203, with trace anounts of netals.
The input to the SPR 30 is delivered fromeither the steam separator 22 by
pi ping 32 through a heater 34 and further piping 36, or via the HGR 28
output piping, to provide greater-than-theoretical steamto carbon ratio
into the SPR 3g; it hoWink ' mdEs i s a higher
anount of 10 hygiggg%rzl?Igar?gﬂ%%aﬂ\?\jg?ﬁgltdﬁygﬁﬁrg?isg?gmgy?gﬁ%rretry for the
desired hiAydnsgasificatiarefor pyoduntionof lesiksity; descri bed bel ow. The out put of
the SPR 30 is directed via piping 38 through heat exchangers 40 and 42.

Condensed water .44 ig.sepat.ated and remgy f . t, via a
heat exchanger gi@dl“’?%&d?@ %gr@m 358\3@@3@0%Io{f'ﬁ%&m%ﬂgqégﬁ%%m%abI e gaseous
out put of %&ﬁaéiﬁc&ﬁm&%&m@n@eﬂ?edtbr@lf;@gen separation filter 46. A
portion of the hydrogen fromthe SPR output, about one-half in this

enbodi nent, is carried fromthe filter 46, passed thr ough t he heat
exchandger 40 wi Figuse Bddaardingram seowig thermahspeEManagement enbodi nent

from 220 d . I : [We? delivered to the
20 1R 26 SEPURURABIADASS Hyro R RERR Ry PRI AMBE L Cot put (s
cool ed by passing through heat exchangers 40 and 42, used to heat the
recycl ed hydr ofiure 8&ds mediagsine ahowingpdatenGieam Flow Sonerwatiedf wat er 44

| eaving the, heat,K exchanger 47 is re | ed back.t.o nmake the water supply 12
for the sl gior)ass 'é'@éfo'@?ggﬁﬁ,ifpr?@é%?‘ﬁé%g@q? rt'%{ﬁ/ni ng process is obtained.
25 The fuel synthesis gas is then used for one of two options. Based on

the calorific Valgife 38N asciBlRRsRolty Walied SaltiFowdStiraatc ofur bine
conbi ned cycle for direct energy production or through a fuel synthesis

react ot0 (i Biarnass Hydtsodasifieationsforpsedustiomod pladiri¢giocess to produce a cl ean
di esel fuel and recycled water). In accordance with a specific enbodi nent
of the invent! opiq 30 3Ng SYALDASkSPBMAIE dHiiRbELnliiooualinadioRBans: on
turbine 48, to SOV er °feChani cal energy by lowerihg the pressure of the
gaseous fe@EchenTeopdoh daraifid fU8! PaabtiorPaSing20Badiavaic HiGR hed-a19:dpsch
reactor 50. The nechani cal power produced by the liquid state turbine, the
Brayt on anWa®fRefle cycle turbines can be used to provide power for
internal slurry, water feed punps, air conpressor, wth the surplus

exported via el Jré%'g_tig OB Ablvaibhehffic LIYiGhads hharughsificatlonEbf i ci ency
may be maxi m zed Dy adj usting i nput and process paraneters. The bi omass/

coal v#Byi frigcmexiToopsdhaearaffin faghpiledsictien using@raadiabatie Yy asd@ %d wat er
wher eby after stegam separation the carbon to hydrogen ratio will be
appropri at e eteﬁe process. A slurry feed needs enough water to run the
hydro-gasifier, the steamrefornmer, and to keep the 10 feed in a viable

slurry after st @yursgeasat themrmaPenaryy andnajensenttschamaiicofddamasonver si on
using solid dry feed had many nechanical p _obTJ e(ns of I.eedin a
hydro-gasification for Fischer-Tropsch paraifin 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.

11



solid into the high pressure, and high tenperature HGR reaction chanber.
This nethod of slurry feed has al ready been denonstrated and studi ed,
accor di ngwom®3bbesiTesul ts for the "Hydrot hermal Treat ment e@CTMsas/eispal Sol id
15 Waste to FormH gh Solids Slurries in a Pilot Scale Systeni, by C B.
Thorsness et al., UCRL-1D 119685, published by Lawence Livernore Nation
Laboratory, Livernore, CAin 1995  In addition, there is related art
published on the naking and operating of coal water slurry feeds. For

exanpl e, see Z. Akt %E?AI%D DESERIPT RN OF 'TGIETMENWIEN 62 2000 1-15. The
principle 20 reactio ydr o-gasi fi cati on and

steam reform ng H H & be

expressed as: é%@éﬁﬁ%ﬁ%‘?@t&?@y{%}@l& %’I&r@%%ﬂ% reégﬁﬁt(+g@ -~ CO +

H2Q( 3) Reagﬁeaﬂmpymamdeﬁ)rmee (SP&)t(hlsordatied Iaesieanrmyrdzlytls reagtor, steam| y

exothermc to provide the heat of reaction f reactions 2 .and SqetdSorre
S

pr eheat i ngrefermeeoT-iRam 1eacins) sieehas Uﬁﬁdm A rpll]grchggt By LS Pl
oper at '51936§ §|[H&%rcgttHé§ nt-ﬁggé §a/h§§s tﬁr d’&heéiééﬁ pyrolRissel theFgsd ai ni ng

once the eactrons ave st |eve steddy ‘'state. 16 WO
03/ 066517 BXGEkUspdrbaeialina amil stepmr}eifmmlog reasioAsR [ﬁ‘leor@@é‘/ﬁon%st%t mexi ni ze

th b f t f K to th CH4 d

0 At e(r)n"'t %@%ﬁ%&%%%ae it GrBftactb By hAlel P § Tk hePRIER o 5 cam

wth CH g‘aﬁ hing d&hﬁn%’%reh%h&ﬁ@ SRt bﬁidfucbfyynﬂwiﬁ@ga@wm thbt ai ned
a

fromthe 5 super ted steam and the remai nder fromthe . The "E hnm pl e
reactions conecﬂwcisﬁgemaed carkanimosgxide %@Chwm@fﬁ

+ H2O0-, CO2 10 T are

o ten Mn 8% heehEknonsbhetars Sy | WG The S fop S iorass bt e fina)

sti ochi onekfgp mHHBeNRY,Prodiitts such aicswtﬁénoagm;dﬂneps&mthehImWBserﬁuehd to

i nprove conversion efficiency. The required steam concentration is usually

speci fi ed Bndiraeydied watar eanebe predit@eo- carbon mole ratio (S:C), the ratio
of water steam nol ecul es per 15 carbon atomin the HGR feed. The preferred

(S:Q) ratio for T%%%é&’ﬁocQPé‘cLLﬁFén?ﬁwt'@ higHiAH8%ibleh aNady fddtssthat amist ch

condition favors the water reaction. This reaction is only
slightly emoatﬂ@remtoca(rmhac-s@nskﬁmmats capche webvwiled fo farmpa s@lieesUEMdi t i onal

T e S o PR L L8 BB PO A e
met hanat i oyl 68¢LicPRer MU b sTBNSYHTRESIs [edrtediction. 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



CO+ 3 H - CH4 + H2O (6) '25 The resulting effluent after the two main
reactors is a synthesis of gases rich in hydrogen, carbon nonoxi de, and
steam Apwoogioastely hal f the hydrogen produced in the SPRTIGS0s/e8Z| ed
back to the HGR Consequently, no outside source of hydrogen is needed to
mai ntai n steady state operation. The HGR and SPR processes, therefore, may
be considered to be chemcally 30 self-sustaining. The remaini ng synthesis
gas is then available for the production of fuels and process heat. 17 WO

03/ 006517 fiddl ARG STief d%rfétsﬁé Epvent gﬁﬁmwﬁbr&rﬁé}enﬁmmnkomch

process can'produce a Zero-sul cetane val ue diesel™-Ilike fuel
and val uabﬂm@at)a‘smntablevas a gieselfuek . EXtessalysthesis gas sutpudfrogntitsl 8BR, ow

|lutant and tf b 5 Th t
Povent on B sc it uheTaoalsiatey S0t e, ahek Loedn SREFE g, o oabct 1 &
purifi ed o%«:.ﬁé\j;” §§%ah%é Gs@d"éb% drirgERRhRl i RuIrsh gakurbimefbri nto the

process. are Rentech titled "FiScher-Tropsch technol ogy" dated
1998 ser Reiebb'(dlty\mbdtmlblm ckhe syrghesis gasttputafier reexctivgianougbm Rent ech

states tha he Fi,scher-T, RS G pro s 1 makes
Sbout 71 1 bydibSen 1§ SRRt AR Y At ckstor g BuiRH 456,
products. aeﬁémﬁh%; ofﬁathéln\ééadoﬂﬁ@hgér Trm&mbvwmg)pmmesrmhmm@mn 1.1to
1.3 barrel s of er for each barrel of Fischer-Tropsch  products, a

great er arrmmtmtzmthﬁr&mnoﬁuﬁpotﬁm'ﬁhﬁomatth@rprﬁﬁ@“ttj@Vﬁ*"éW‘dﬂéBeto make steam

in the ste I aﬂ]’% w@ 15 gas and
Fi scher - Tr %gﬁ-,”% cgwrhgggggraétﬁﬁ%%}ge%ggé %Esécher- ropscﬁdreacti ons
al so proadum%laswé obthe Fd@@tbllﬁpmrailmt elgotiopgewer GIOJduEHan tldgk engad i ght

hydr ocar bo ases. rogen can be stripped out of the tail gas and

recycl ed etutr%l@.e Q%n@'ﬁ@dﬂmeor t he Fischer- Tropsch reactor. Any snall
anounts of other gases such as CO and C02 20 may be flared off. Two main

products of Fi Sj@er - oQi?rYatQ%ia@é‘6h%ﬂéblé%‘ér@&1ac‘ébﬁ%fwéétés th.rand
petrol eum wax. cording to Rentech, in the above report for their

particul ar charpioaheombsmnn@‘ndtpm‘f@nsﬁlﬁ@er"Hﬂab'§t$r0rpﬂ@clér§§tl0@|ﬁ@a¢|ffar of solid
wax to llqﬁ}%d ratlo i s about 50/50. Fischer-Tropsch products are totally 25
free of su rogen ni ckel , vanadi um asphaltenes, and aromatics that
are typically found in crude oi B The products are al nbst exclusively

paraf fims and g} efi Modal tHe ingsortdr weactionsawitiioithe prooegs|consistidg efar bons or
oxygenates that ~would otherwise require further separation a /or
pr ocessi ngthenstepaegeneyains fODBHBIYé'SeMde‘%ﬁE% Steﬁf@ reEBREA | fur,

ni trogen, g §st DS h18 VO

031 0617 P BT Ia"Cu Y Fa AP EeIg) FSRUEER LS ltonSTagpose

speci fi cat basis. fTiis diagted déneby 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.
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require a mni num cetane val ue of 48 and reduced sul fur content. The above
Rent ech study with Shell diesel fuel produced froma Fischer-Tropsch
process Weav3acaser ane val ue of 76. The CARB standard for airfuse3/nzsdi esel
fuel placed 5 in the vehicle tank is 500 ppm by wei ght, and Shell"s

Fi scher-Tropsch process diesel fuel has no detectable anmount in the ppm
range. The CARB standard for aromatic content is no nore than 10% by
volume (20% for small refineries). The Shell Fischer-Tropsch process

di esel fuel had ' Sead i ' d

t hr ough st udi esTﬂ %gﬂ&@ﬁ%kﬁ?éﬁc&l%@ ﬁg%%'r?gf/()fn%ée}g no&ﬂ%’r@ﬁg@g%‘%}gii{)g‘;
because of twdenginprosessed: bydrbigasification tmdtdieammejoraation, weh steamt ageous
over crude oil die The, Fischer-Tropsch di esel ggroc?ss i S an and the

el . cl
pr oduct isPM'Ioééﬁ'l%P,?th?af@e SOCKRSFUTFIngNENT) S st2h, geRBEAI0N PRI e8i0es not
need furth § Q& r i > Py H105@adsifid® A gas
turbine co %dﬁgﬁ?\;@ g%@ﬁ?ﬁ%%ﬂ@@ (?g‘a%ﬁe%}'g%ﬁgfimé Pgd an oS|t|i on. |If the
Fi scher5s Tr esrpuitesparobhpat of theupyriyeed edrhonaseous seasie, hyeeogars stgamhe

synt hesi s gas heating val ug c be a.viable option, b d overal |
effici encyg‘%ﬁd"ﬁgo}@@f‘%‘ﬁ?@‘ @ﬁ*ﬁ'ﬂﬁg%mgeba&‘éfee%‘fBgé)séHﬁ‘%/e"Y*E'?ﬁ3‘ ?%88?@& ric
energy. T%éleﬂ\éﬂ?ﬁﬁoﬂ%é SRS 30 Mpfodphersy andao08 degrecst @eksfusat a hi gh
20 tenperature as opposed to taking natural gas in froma pipeline. Process

nodel i ng cStedra refostingof desvatieng rghsflidentgas fremdbe HGRAIsGEBaURCSed for a

yield high_in CO and, stoichi i Fj jidi < Operation

reactions 8f atﬂ?émﬂm%p ed%slufé)gféé gﬁgg%ﬁée]fggﬁ?gr!doyn%eéfpgﬁEljearlé-uf‘?'opsch

react of¢ anMoreRdekeslly, EAtH pidoesseands® ophduwdied obyr asémperaireSaagpaf, a

DOS- based conput er program that uses equilibrium podel | anﬁg%é varying the
as

par anet er s abput EdRhtq 4200 degfresscelpibs ahd 3 PrRIsUre ehabeill flows, a
par anet eri ' dy, j Rt ftirebctigenef i t.
The hydr o- éﬁé{)?&éﬁ'&\ga%?@%ftggﬁﬁéégﬁ%%gf\? ?@%ﬁﬂlﬁ@?ﬁgﬁml mm%gr act iC(I:aI

car bon convstesiwith #ikfuss efmapprofiisteseeaction edtalysts. vari abl es were nodifi ed
for 30 maxi mum practical CO output, enough hydrogen for recycling output,

and 19 WO 03/ 066517 PCIT/ USO03/ 03489 m ni mum roduction. T udy | ooked
at the various eHoadPd19yige ’%C@%a'apy?'%m%v 3'5‘190%@ {/hgrquégr ?f)r one
const ayg, p@ﬁé:‘éﬂ Recddded tiht dARAGRIRESE Aidi Feddtiofi Hoceste i& ghbami ng

di scusses the results fromthe  conputer nodeling of the main reactions
usi ng St anjspedificgmatmsigr aparidular emgodimngntgue dn the flow diggrams OWr yi ng

carbon i n ThEGLTSLIE Trauat SEEE8 15 05e0 T b T ET iR
hydr ogen apgoouisemHeeed 1istdneppEéhmilleer eragreand e grindee Siinto sehdll ci ency

of carbon in feedstock increases wuntil it reaches 100% The, condition that
falls in tpertgles rwedm%fél@rr@@y@%waiﬁ*@ﬁnéipiﬁw g hfesceRiacer @k he

nodel i ohjeqt i : i 4 avoi d the
cost o?gr e?l)e'c |én§8§)¥j ’%&%%ﬁiﬁ@%rﬁ@%ﬂ%&ﬁ%o ?érjae%bcrzblogﬁ tg %S(%dr)\e HGR nust
be chosen. flkidoby @ plinsh 0840 tahstearinf garterator BP veimere theGlwry G i n t he HGR at

800C and 3gugtemea't:elz g|r1 p?/rosl{)gevd\s, f(glro%veecI lf)y? Ce'l[thggc se%zaration 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
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and H2O0 on COQ2 in the HGR at 800C and 30 atm At a high amount of H2 15 and
| ow anmount of H2O i nput, the anbunt of CO2 is |low. Although the objective
is to m nwoiizeedshe amount of CO2 in the synthesis gas, it PCI/Usos/0348®Ccessary
to mnimze CQ2 in the HGR because CO2 is gauged in the SPR reactions

t hrough the water-gas-shift reaction to obtain a proper ratio of H2 and CO
for a maxi mum Fi scher-Tropsch diesel fraction. Figure 5 shows the 20 effect
of H2 and H20 on CO in the HGR at 800C and 30 atm Fi gures_mfél 7, 8 and 9
show the e &P SBeteITebhreqbeBER R
conpositi o%ﬁgﬁbéhgﬁd;{ﬂ) Ptgdgasegd %%PB?FHgéE? fgeégi of .C( I)aHZ and
0.066 ol FPO therHBR, és periodically fepeavest foark thaboﬂhers@fthedﬁacﬁowﬂ%seif H2 and

close (o 108MFca e pEREdIERhara! B 2h3EmEnt 1He5R Sorimaht BRbifr e *F ange
of 30 atm bﬁlpéﬂatﬂémgﬁ ?fes@gké @aaﬂta:tmncéa@t@rﬁér%e B9 exgéttedbet he ratio

of H2 and CO avai |l abl'e into the Fischer-Tropsch fuel synthesis
reactorh agampsised I®éSsn@,a‘ﬁiﬂe,cﬂﬂcbabna@@e%lz%Wlﬂ‘H@WQﬂ”W@%ﬁ%ﬁ 30 atm

SPR and r oJERAED 1g ' SER 1D T UBEY s ARk he SHp SRRRESSE 1 11
PCT/ US03/ 0% S@&I@rrohgﬁ@l@ébtsﬁmrmid fGrther piprds3® . weWhehHGR g8 aumputt of
st eam added, systemw || achieve chenm cal and, ther

sel f - sust aprmrm |t1>tpy0\aﬁa gﬁai@r-éi@rathe@r@i stegm tp earbad raiQ "&@)ﬂﬁ%SPR

Fi scher-Trgps fect of H2O
added to t%e @%ﬁﬁé&%g@%ﬁg ;%%rl::fgﬁlréggp&%sg and 13 rﬂs?1'§t](véthe ef fect of
t enper $0 ur ayarngepr esd GE@, with tﬁuaa;bﬁroandtmauhtometmfm theaelesed er si on of CH4
in the SPR At hi g etru@ﬁ %ﬁrature and,l o ressure, this ratiois

hi gher. I nh¥ @ICﬁftP SHHNGRISIPrEfRSS BesH o &Wi o, the conversion of CH4
increases with increasing tenperature and with decreasing pressure. It is

thus high tenperabyifp @r&the\sms@syaﬁeét@wﬂmﬂrﬁg 88enrdagn nkdt The product s
of Fischer-Tropsch parafflnlc iquid fuels are in a wide range of carbon

nunber. Acexchingsrs ¢0tans 4BoConRensed water it is sepesrtedpads ren@qvegrfgorpr oduct s

are di esel Al ,so, about r of wax,
Wi th m nor t%%shﬁt% tB’f"t d’ gé'leg?g%cfg% gi?E%rnge{'%tgH]C\t",rﬁteé(jlrc bHeFH‘ ﬁé)é{rsqg)car bon
gases {&et kanAgenivha mﬁ@se@kﬂ@@t@at 8hgPR®( i3rthbh coTriOeyae'cetq)da Ihfyszlro‘gént he present
i nvention, cetane, ichis in mddle positi on of d| rangazwgqgll to C20

), was chosepamionifiteros @eportﬁpﬁ@frt%hv@@gSP frara the S ﬁ'iitpéﬂi
ther modynagi,e_ Hmﬂﬁ'th.e%r%o& Ffént hY dhRictRohit ﬁef epxeréé%éd%ramttﬁemod

(bi omass), "as a prototy car bonaceous mat er | were used to
exam ne thhedEémHemgendOlmthJalresa.llmnwseImalt$ temperduref (in th&sennboélmen.‘on These

| at f th | t d k t
i Scover ¢ N ReY AESEHE S HBIEI A ST B TR HET TSGR ARSI HECIP Rt i on
of synp Qet' RYB s itf R \Agrr%éﬁﬁhﬁut TRe Hog effRieAE 6 Pié S?Ff’R-°<5U7!E>lh'!€i§3'c@o[iiildeseI

fuel , jectlves e’to attain self-sustained operation of the first
st age hydr bygessingdhrough eataxchengers 4handiddeused tchheatitbe 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
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25 acconplished at an equilibriumtenperature of 1000C (738C when

adi abatic) and 30 atnospheres pressure with a total hydrogen to carbon feed
nol e rat iwomB/oeds1T east 3.48: 1 (1.67:1 when adi abatic), an@CRAISes/03469 car bon
feed ratio of- at least 0.07:1 (0.43 when adiabatic), a water steamto
carbon feed nole ratio of at least 3.91:1 (1.67:1 when adi abatic) into the
second stage 30 steamreform ng reactor also operating at an equilibrium
tenperature of 1000C (900C when adi abatic) and 30 atnospheres pressure, to
obtain 21 AR IRGNER BediolSB3hARRRAREA holier drBtiusedTb tiRaRgug opti mal
quantities of product hydrogen for self- sustained operation of the first
st age hydr stagasirbineathoBrayter and Rankirmcycle éerbines dcapdveyeed topeidsdn nol e

tio of at least 2. 1:1 in th i dual t hesi feed th
[hird ot agRowpeiadRterid) il Matet ied fropSdlt fpP G 00 o A B o pher es
pressure, %QQ%&'Q& @#éaél%gtlri?%@l \Ag(ejnérlgﬁbﬁ,i s&asdTaprsat thesug 72 speci al HGR and SPR

conbi nati on actor, y a conventionally operated SPR and

Fi scher-Tropsch reactors, with full thermal and chem cal potential energy
managerent . TabESficiencyt ey bgtmaxigtizsd bynadiisting iMPW adgroceshsf er rates into

d t 10 f { i : t f
ench_oper abPIAHETe oh PR ES YRB AN BRURI kA Y SURhERAEE WORFTL [ DT,
thermal  eBRIFGYLYBHGIEE WENEr whataby/ siter ateam depatdtion theldarsaorhtenat i ¢ di agr ans
for each of the five ogperating _rmd?s ﬁf t he convegjsi gfn araoq%sss are al so
shown as Pydwgen-reto M'BbQ:?PPEQP”Z’é? PGN8 PracRpss 4 SHIMYIER 8ly. Tables 6
and 7 15 SUpBRGh aftbtB i hiaRlabdfen Bid ofoaRNRAoRicIERE 18 REepRRE eSS

confi guratron ~paraneters r-eac ve operating nodes o he
converfi onfgadipes siabEhslurpafien ateeou separation alPrioe ad giterspissatibiornass | y
descri bed above uses griginally

. a r slyrry suspension. feed technglo
devel oped BYMMYRIEHTY ng?égmf%eﬂtf?%p@?ﬁéﬁ'%%&éﬁm%@§i eI Aot can
accept a Wedfd ¥6 i HighfpréSsial AR A pErhRire MOR raagticipehdifbert ered by
controlled punping 1nto the first stage hydrogen gasification reactor

(HGR) to pibiunettodef siamefedcchas glisady beemdgmonshiaiadsanshsiediatki ency

(rmeasured to have at, | east,. 85%.car ] i | i Q0

ef fici ency??cgﬁ%ﬁ’ thedpsyits 8\52\% A%?@O{%?%%I Zg%ﬂr}%glt ngeﬁr%}grl&a 4 %Iger - heat ed
st eam {5 omyy hgie b FORSHHiYB ISHlidsISInresiigedPila SuapBysteénaby Qierate the
second sta%;_e steam nmet hane reforner. The reforner produc as |s fed into

t
a hydr ogen Thergnessetal.) U&RLt-H%lﬂ1858@v@1t&i§h6§1bymeﬂ9%tg@é@ re Nafig8s pack
Y e T ' ; ' PRRATE .
b onass. ThEbPERRBRFENEREGHSICA dpoigRss 1 duiofich Hidte Seistertlt llofthelile,
hydr ogen f iohttae malking ant epetatingooftmas evaterdsluey tsatise Fanexample, seapbr pr esent

"ot he RS Stal o BroteReid Lochalel B2 RaPD de 18 B, opsen -
paraffah hyds gt MM ORIOREM prddebstSOR/dIé4Rlification 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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carbon synthesis reactor, which operates at 200C and 10 at nospheres
pressure. Process nodeling reveals that the hydrogen/carbon nol ecul ar feed
rati o muswold/oedsit east 2.1:1 to optim ze production of chegirasosg34pure and
clean-burning [sulfur-free] diesel-like liquid fuels and high val ue
chemcally 5 pure paraffin-like waxes, w thout 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 dinethyl ether

synt hesi s react all r 20 IRBEASOrPr essur e.

Thi s reactor pr-lg{furg\g@ Qgr r o%i%‘féer@R 82. 4%%!%%0 g%ﬁ%% met hanol . The

net hanol icdnverdiors frech the feed gtoukriateethetenergetic gaseaChh aedde®r iAftery and 20Mw

of process heat for exchange with the nolten I St heat

transfer [ItBSJYOLsED Wﬁé@gerl@-f{‘@é‘é‘?ﬁdq%ﬁaé%mgfu% r%%%gg)swwt@ggﬁpgas eous

fuel synthes | 4 TRkl &se Bydidgehns oBlainédftoa theel ectri c

power produc ?gﬁ\ﬁmﬁpﬁggﬁa%b?@@ﬁﬁﬁéﬁgif(seeyFngs. 28— aé% and Table 4, 6
4bl

and 7) 5 1Sugerheatpdrstearh asiddbe rémapsiasfrong thsoElb | The pringiplefegeiohSdes of
oper ati on of %%% si mul at.&d Bitogass hydr o- gasi fi cati on process plant. The
resul ts ofinthe arhEPRYoRE QP8 summari zed in Table 6 and 7. The overal |
energy utilization goes from50.7% (71. 2% when adi abatic) for

Fi scher-Tropsch synthesis to 67.29CHpr Ah@ o@D +3Mdgucti on. Opti M)zed

el ectric power production utilizes 20 about 38.2%.0of t chem cal ,potenti al
energy in the biomss feed stock f0¢82é'll'é%1ﬁ’-§9ﬁi é)é?"’g'@nversﬁ In
general the process nodes could be swtched using an appropriate
proportional valve to distribute the synthesis gas production after

separ gigi on of eTigslgteapn refolihyageactiares(4f and Sharef dften rurswilgsteam
hydr o-gasi fication reactor. 25 The r«?sul ts of , the ,overall éggggl Hﬁ shown in
't

Figure 1 apQnceniratipny bigheshaniadgiied Tar thaRtorNiamiRGF PR GR:
Oper ati ng igt@%%qg%vﬁmjgo@ﬁ)trmaﬁ%ﬂ gﬁdwlimﬁ?é\%e&oﬁv@rsi@qieﬁid]@ﬂq@tm to

mai ntai n selt-sustainabrlity; . 066 nol O per nol Cin feedstock. 23 WO
03/ 066517 reGlirt$essa0848acanirayun imusuaty dpecitied inthe leemgdihe oper at i ng at

1000C and 30at 4.022 ol H2 r,nol .C i i er-Tropsch
product s: ﬂ?ﬁ@b{&'%{bﬁﬁﬂ‘ﬁlgrraﬁ% % @f} ?hge%;'g odé &‘;’th'gg%ﬂgépﬂ%ﬁ éé%o?&lg et ane

(C16H34% ) &iBoR!atdrfin t9d HER FeafSTRS breforrdtt(BcTpfatiotfer fhreeSBRt i nvent i on and
its advant ages have been described in detail, it shoultﬁﬁbe under st ood t hat

various chaperation isgtesten ihendasT his gtean &ichiGopAtiondavers thaAREPBP n wi t hout
departing fromthe L : i [ Qo2 hisgsl by the
appended Cﬁ;gﬁ&gg&%fﬁ@%&?&[&%ﬁ%@@&l gftlglt 8*'@%@% Itglqap?ffljg‘gti on i s not
i ntended tgdyehdweiéred preddéed duditiendl ingdtagenegamdndreaneerts carbenpr ocess and

apparatus described in the  speci bi arEi on. As 0 8 of ordi nar skill in the
art will rewapKidedpio earpan&ioxiden ﬁgo LHI%%'VO%'I‘J@Q B‘Pn?ﬁlém’ﬁ?régént i nventi on,
proceszes gl ARRA AR R%anS&RE the Ynethanation 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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existing or later to be devel oped that perform substantially the sane
function or achieve substantially the same result as the corresponding
enbodi merwe 038cahescri bed herein may be utilized accordi ngPra/tsegopsesent
invention. Accordingly, the appended clains are intended to include wthin
their scope such processes and apparatuses. 24 WD 03/ 066517 PCT/ US03/ 03489
Table 1 Biomass conversion optimzed for production of Fischer-Tropsch
Paraffins Energy rate in (MNEnergy rate out (MAN Conponent Heat

Exchangers don 1

Heat 78.8 Por tﬂ}) B%S%é]t ER;EEEEB@ U%w)gl:{‘%(F‘ch};%eg -HgggCh bpléxésg%gé )rgg%é 2 112.0

HX 6 PCE93a 3ero-sulfur, ultrahigh cetane value diesel-like fuel and valuable paratfin wax
products. The absence of sulfur enables low pollutant and particle emitting

diesel fuels to be realized.

5 The present invention also provides a source of by-products. One
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 “Fischer-Tropsch
technology” dated 1998 see Rentech web publications at
http://www.rentechinc.com. Rentech states that the Fischér-Tropsch process

10  with an iron catalyst makes about 7/10ths of a barrel of water per barrel of
Fischer-Tropsch products. A cobalt catalyzed Fischer-Tropsch process
makes about 1.1 to 1.3 barrels of water for each barrel of Fischer-Tropsch
products, a greater amount than iron. Part of the water may be recycled to
make steam in the steam reformer unit and for cooling in both the synthesis

15 gas and Fischer-Tropsch step of the overall process.

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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Wor kPCE6. 6 Work Portion | 16.3 8.7 Portion 2 43.3 5.9 HX 7 78.811.8 HX 8
165.0 Portion 1 of HX 2 21.8 HX 9 (FTR) 68.4 HX 10 HX G1 HX & HX G3
Hydraul i cwBaw®s6sst urry PunpO. 3 Liquid State Water Turbi ne®C2/uBoxg34en Cycl e
7.9 Turbine 1 Turbine 275.0 Turbine 30.0 Air Conpressor43.4 Rankine Cycle
290. 0 Heat Mechani cal Power0.5103.5 Waste Heat From Steam Cycl e186.9
Chem cal Conversion Process
California’s Air Resources Board (CARB) specifications for diesel fuel

require a minimum cetane value of 48 and reduced sulfur content. The above

Rentech study with Shell diesel fuel produced from a Fischer-Tropsch process

has a cetane value of 76. The CARB standard for sulfur in diesel fuel placed

5 in the vehicle tank is 500 ppm by weight, and Shell's Fischer-Tropsch process

diesel fuel has no detectable amount in the ppm range. The CARB standard

for aromatic content is no more than 10% by volume (20% for small

refineries). The Shell Fischer-Tropsch process diesel fuel had no detectable

aromatics.

10 Rentech further affirmed through studies that the diesel fuel may need
no further processing because of the purity and olefin products that may even
be advantageous over crude oil diesel. The Fischer-Tropsch diesel process is
clean and the product is cleaner, has a higher cetane value, and most likely

does not need further processing, when compared to a crude oil diesel.

15 A gas turbine combined cycle for electric power production is an option.
If the Fischer-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

19



137 synthetic paraffins produced synthetic diesel fuel produced*116 Input
I nto Conversion Process 473.0 Bi onass (waste wood) input PCE Overall
Bal ances W03308377 344. 11371014. 2186. 6 Total Energy Net WAPCE/UIOH03489

Rej ect ed186. 9 Net

Net El ect

conventio
03/ 066517
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computer modeling of the main reactions using Stanjan programming.

Referring to Figure 2, the effect of varying the water or steam and
hydrogen ratios on the conversion efficiency of carbon in feedstock in the
HGR is shown at 800°C and 30 atm. As the hydrogen and water input to the
HGR increases, the conversion efficiency of carbon in feedstock increases
until it reaches 100%. The condition that falls in the area of 100% conversion
efficiency achieves one of the modeling objectives, and these conditions were
used. In order to avoid the cost of recycling of Hy, the minimum amount of H;
recycled to the HGR must be chosen. Figure 3 shows the effect of H, and
H-0 on CH, in the HGR at 800°C and 30 atm. Figure 4 shows the effect of H»
and H-O on COs in the HGR at 800°C and 30 atm. At a high amount of Hz
and low amount of H,O input, the amount of CO, is low. Although the
objective is to minimize the amount of CO; in the synthesis gas, it is not
necessary to minimize CO, 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
effect of H, and H>O 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
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

of steam added to the SPR and reaches 2.1 at about 3.94 mol steam (or
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HX 6 3.8 HX 7 53.4 36.6 HX 8 0.2 2.3 Portion 1 of HX 2 91.3 0.7 HX 9
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water) added per mol C in feedstock. With this amount of steam added, the
system will achieve chemical and thermal self-sustainability and provide a
proper ratio of Hy and CO for Fischer-Tropsch synthesis of cetane. Figure 11
shows the effect of H,0 added to the SPR at 800°C and 30atm. Figures 12
5 and 13 show the effect of temperature and pressure on the Hz and CO ratio
and the conversion of CH. in the SPR. At higher temperature and lower
pressure, this ratio is higher. In a similar trend with the H and CO ratio, the
conversion of CH4 increases with increasing temperature and with decreasing
pressure. It is thus high temperature and low pressure favored in the SPR.

10 The products of Fischer-Tropsch paraffinic liquid fuels are in a wide
range of carbon number. According to the above Rentech report, about half
of the products are diesel fuel. Also about half of the products come in the
form 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
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03/ 066517 RASTAIHS pRBARM dfehe dirs sBagerhydroegasifigatioorreagtor @ndeéd f or

Componcint aais futioehisenm B g T e RERa 5 85 s ™
Portion 1 BopihiQ8 gad&theQmS 186834 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-
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clean-burning [sulfur-free] diesel-like liquid fuels and high value chemically
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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(fromcold side of HX Gl)56.456.4 Hydraulic Power 0.3 Liquid Punp Liquid

State Turoine0. 2 Rankiphir ebRdifibng 62itid SHR? Operdtingmt2000°C @37 - 1
Mechani cal Power 0.5103.5 Waste Heat From Steam Cycl e186.9 CPE of syntheisis
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Cycles Gas Cycle

3. Fischer-Tropsch products: 0.199 ton wax per ton of feedstock;

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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* 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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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 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%
| 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 h/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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0.47 0.93 0.03 percent CPE input 100.0% 24.5% 26.2% overall energy
utilization 2.2 feed rate water/ kg/hr MI/day biomass ratio 3.48 2.47
1.4 18438wodsedshyl et her produced 20045 481 el ectricityPeramsos/edspr ocess
wat er recovered 207334 4976 |nput conditions: T deg.C P atm H2/C HGR SPR
synt h?ﬁ)'le% r&ﬁn%aWof%pATQng PeJFQ'Qanezwm%z&ragma&}:onygsﬂn dps@0oUS Hydrogen
(GH2) water fed needed 184387 4425 gaseous hydrogen (GH2) 5618 135
electricity exported water produced 1806Q1, 433¢ca 48pe 2147 1.2 5Q.L%

bbl / day F#ed%Q 160. 6 kg/hr MT/day biomass production MWch CPE input
ratio per day
Dry waste wood 83775 2011 473.0 100.0%
Conversion Options
1|Fischer-Tropsch Liquids (FTL) bbl/day
water fed used 264670 6352 3.2
synthetic diesel fuel 11526 277 2231 116.0 24.5%
electricity exported 123.8 26.2%
process water recovered 295523 7093
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
synthesis reactor 200 10 1.4 0.47 0.03
| overall energy utilization 50.7%
2|[Dimethyl ether (DME) bbl/day #
water fed 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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110.3 H20/C CO/H2 CH4/CO 0.07 2.91 0.21 0.58 0.93 0.05 33.9% 23.3%
overall energy utilization 2.2 Input conditions: T deg.C P atm Hz2/C HGR
1000 30 S®B04/0d300 30 | Al Electric Power (AEP) 2603936249 Twesngn348ed
needed el ectricity exported 3111107467 water produced Input conditions: T
deg.CP atm 3.48 2.47 57.3%cu niday+ 1899 221.4 96.4 473.0

PCT/ US03/ 03489 H2O' C CO/H2 CH4/ CO 0.07 2.91 0.21 0.93 overall energy
utilization 3.1 H2/C MNV eh/day 4335 180.6

the claims
What is claimed is:

1. A process for producing a synthesis gas for use as a gaseous
fuel or as feed into Fischer-Tropsch reactor to produce a liquid fuel, the
5 improvement comprising:
feeding carbonaceous material, hydrogen from an internal
source, and water, into a hydro-gasification reactor under conditions
whereby methane rich producer gases are generated;
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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H20/ C CO H2 CH4/ CO HGR 1000 30 3.48 SPR 1000 30 2.47 1 5 0.07 4.15 0.21
0.93 overall energy utilization FTL with water:biomss at 9:1 and adi abatic
HGR ( AHGRyO mabesn7 f ed used 753975 18095 9.0 synthetic di epell/dSo®d3488147 436
electricity exported process water recovered 775890 18621 |nput conditions:
T deg.C P atm H2/C adiabatic HGR 738 30 1.67 SPR 900 30 0.84 synthesis
reactor 200 10 1.38 o revision Notes No additional energy or energetic
feedstock is requierd for all conversion options Al rejected waste heat is

at a tenperatur g%ﬂ i's not considered recoverable # DVE stored
as a conpressedenﬁgéﬁrég&g ,eS. 1 atm pressure, density 668 g/L and LHV

28.4 MI/kg 1 bbl of conpressed |liquid DVE has a mass of 106.2 kg and LHV
CPE of 3.02 GJ + Cubi¢ nmeters of l.iqguified hydrogen t ). per day
at | atm pressfre AEBP&E%%%P‘&'@W*MW&CW erf@%ﬁ%@%&%&%ﬁﬁ@sl iquify
hydrogen havi ngsfin é’lﬁyd]réféodﬁi’f{déﬂon Tedbtbr b erdiey efttamonabgoiisier modynani ¢
sinmul ati on data as of 10/°1/2001 bbl/day 3512 182.7 155.1 H20/C CO/1-12

CH4/ CO®. 43 3. pérticlesginavater.0. 47 0. 17 46.8% 20.4% 67. 2% 38. 2% 38. 2% 38. 6%
32.8% verall energy utilization 71.4% 10/9/2001 31

6. The process of claim 5 in which said slurry is formed by grinding

said carbonaceous material in water.

10 7. The process of claim 5 in which said slurry of carbonaceous
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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WD 03/ 066517 the clains What is clained is: PCT/US03/03489 1. A process for
produci ng a synthesis gas for use as a gaseous fuel or as feed into

Fi scher - Twopsobssieactor to produce a liquid fuel, the 5 iPEprusosocng
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 fé%'btms%fne&grwtﬁ iPhse siBRT 6MerRISHAIRBIN: daamOsyTBRti6 Ng

hydr ogen and carbon nonoxi de are generated; feeding a portion of the
hydr ogen gener atefotngr. t he steam pyrolytic reforner into the

hydr o-gasi fication reactor as said hydrogen 15 froman internal source;
and either utilizing said synthesis gas generated by the steam pyrolytic

reformer for pregessTheptossast dalfl 11 esmphisipaataIsiévingraddrsrmicheat ricity,
or feeding said synthesis gas into the Fischer-Tropsch reactor under

condi ti%ons wher sy the lhygo-gasifieation reacteruanhisghern ropsehgeaeles o e claim 1
wherein said portion of t he steam pyrolytic
reformer is obt%ﬁeﬁ%g?rh?rgi})&#%d{h%%gg%@w@w\F%ga F%n filter. 25 3. The

process of claim1 wherein said conditions and the relative anmounts of
sai d carbonaceous nmaterial, hydrogen and water in the hydro-gasification

reactor are suchdt halhegrecassiaigm 13 m whishupelten galk laorsrarepissddeed

exothermal ly. 30_4 S i aim 3 in which the conditions whereby
nmet hane rich pr@%ﬁ%cg;r@ggga)@ are Igfgﬁé{r’at ed include a super 32 WO 03/066517

at nospiteri ¢ pressure. PCT/US03/ 03489 5. The process of claiml in which the

carbonaceous material is fed inta the hydro-qgasification reactor as a
slurry of carbo %-cegmeﬁr?féﬁsﬁiql“i@m hinpigh said CRoNACcERUE MAIPNA 4 m 5 i n

whi ch said slur bt éé’Bﬁﬁ?&s@Y grinding said carbonaceous material in
water. 10 7. Th%(yrBPo%ess of claimb5 in which said slurry of carbonaceous

material is heated with superheated steamfroma steam generator prior to

o b o HEs, D DA or iR P RRIH said bioHiSs PESRBASeS ©f 21 m 7 11

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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15 separated fromthe slurry, prior to feeding the slurry into the hydro
gasification reactor, and is fed into the steampyrolytic refornmer to react
wi th t he wetolhaees1Ti ch producer gases fromthe hydro-gasi f ipcattisoso34seact or .
20 9. The process of claim7 in which the slurry, together with the.
superheated steam is fed into the hydro-gasification reactor. 10. The
process of claim9 in which synthesis gas generated by the steam pyrolytic
reformer is fed into a Fischer-Tropsch reactor under 25 conditions whereby

aliaud fuel |5.0f0% %ac@&r-anﬂ’@ai@%ﬂ?@ﬁ%g?éd §leahiNnid a"hieami gyrsftie

condi tions and e relative anounts o ogen and carbon nonoxide in the
Fi scher - Tr opschreforast onderrcongiticinstwiagrebyisyinthiegisi gas ceynprising hydoegan
exothermal ly. 30 12. The process of claim 11 conprising transferring

exot hermi ¢ heat @nfl CEFRABHFOPPXIGare generdeHly dr o- gasi fi cation reactor and

Fi scher - Tropsch 33 VRARPB0BHIPETHIINHB34PGnesesdby o saner both of

t he steam generator an e steam pyrolytic reforner, 13. The process of
clai m 18 conpri pyrdyticrraferfrarr obigiredthnewgh 8 hiydeagenspyrifigation dlter, into

hydr o- gasi fi cati,on reactor. and Fi scher;: Tronsch. r t ae

generator and tH¥ QY@QTQWH?IUWir‘éa?tgf’cw%&Fﬁin tﬁ%géfgcfrrgggggﬁgpﬁéﬁgﬁm 13 in
whi ch nol ten sah&d,ldgggqrrcgﬁ%nqﬁgjnyq.;odr@@gnsfer said exotherm c heat. 10 15.
The process of cfaim1l in which said carbonaceous nmaterial conprises

bi omess. 16. The proteagingthecremainder oithatfyeihesis aaboeRaRdet B¢ ses 15
muni cipal solid g%zﬂ%mﬂ@ar}g&nﬁ’éﬁﬁt%%gfisﬂe"i‘lﬂbég’cﬂ PedioF Indée relative

anount s of hydls on fronoxi in the Synthesis gas fed into the
Fi sche{p Tr opsch cpRaiEbAS whieeetg liqlidauebisiprotiicpd exdthetmally; sabdst antial ly 20
cetane. 18. A substantially self-sustaini rocess for .producing a liquid
fuel from car bonaced@gstesdrg ezs%ﬁhﬁfmgq%?@a.tq&ﬁﬁ)ﬁm ﬁlﬁﬁ@éﬁ%ﬁ“&'ﬁ?'ﬁﬂr{ﬁ@g@ s
mterial in wat ghqldsRiansin!fdaeidtto the sk BACRAIPaRAHd sbari heating
the slurry with superheated steamfroma steam” generator; feeding hydrogen
from an i nt er nalpyssiyticcrefornier, eherely, said procass is spbstastialyiself-eam i nto a
hydro-gasi fication reactor in anmounts and 30 under conditions whereby

met hane rich pr §H8@EHNGases are generated exothernal |y under
super - ¢ nospheri c pressure;

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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feeding the nmethane rich producer gases fromthe hydro 34 WD 03/ 066517

PCT/ US03/ 03489 gasification reactor and said superheated steaminto a steam
pyr ol yti cworoafoessmer under conditions whereby synthesi s ga®Crarsps/iaEBng
hydrogen and carbon nonoxi de are generated; feeding a portion of the

hydr ogen generated by the steam 5 pyrolytic refornmer, obtained through a
hydr ogen purification filter, into the hydro-gasification reactor, the
hydrogen therefrom constituting said hydrogen froman internal source;

feeding the rengindar éﬂq\hgf’eﬁﬁﬁé}‘e@ﬁiﬁe%t@%aﬂeﬁé‘n@%am& mEhEREE:;

pyrolytic refornmer 1nto i scher opsch reactor under 10 conditions
whereby a |iquid fuelpipisg poonkctiag the dtyder-gasifigatiemeeacierieftee staggn exot her mi ¢
heat fromthe hydrq-gasificatiopn reacto and Fi scher-Trops or to
the steam gener aﬁ’b’Hﬁ @fqrﬁéerg%%%dlr&mﬂﬁqecngfépr Pr gaﬁ%r é%?/é@%cd process
i s substantial | Yn?rf‘éﬁydrélg?sﬁlc%tiaﬂ-reécﬁo%th?émemqg@élw@fef@memow i N which

molten salt |oops are used to transfer said exothermc heat. 20. The
process5of cl ai gehérate syhinesissgasicomptising dweirpansdd cAPONIVoRYHAR ses
bi omass. 21. The process of claim 18 in which said biomss conprises
muni ci pal solid ste. 25 22. Apparatus for producing a synthesis gas for

use as a gaseous fuejipiRy caAné@rg thetstedrnyhelytid refpsmdr toethethydra-o produce a
liquid fuel, conprising: a source of carbonaceous materi al an?‘?ﬁvster; a

hydr o- gasi f i cat igesificetien tractenfar Beding 8 LRI PHINehYEregenh gRBEIARH BY ng
connecting said,sourc =1 t he

hydr o- gasi fi cat iﬂi% gfegg%g g@?ﬁfg&%@g&?ﬁ@mgﬁ% E@Hg‘%;g%ﬂgcii%agg%ma5l7

PCT/ US§@/ 03489 material and water thereto to generate nethane and carbon

nonoxi de; i pi ng connecting the hydro-gasifjcation reactor.to t st eam
o rolyt e 1ot br e 7 Oeranan e s IR TG 8 soBrogsedinganioh Migh °Fn

Lhe hydr o 9ast { 46k ATuiRSEpdrioh BN S BRBNKHBk bl by REaReEn 1O ©

generate synthesis gas conpri g hydrog and car bon “nonoxi de; and pi pi ng
connecting the glyesipliprafoinydriis obédioedrer to the hydro- gasification reactor
for feeding a portion of the hydrogen generated by
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 steam pyrolytic reformer into the hydro-gasification reactor. 10 23.
The apparatus of claim22 including a hydrogen purification filter through
whi ch saiwopansésoan of hydrogen generated by the steam pyPaiSo&03484 or ner
is obtained. 15 24. The apparatus of claim 22 including a grinder formng
particles of the carbonaceous material, a receptacle for the particles and
water to forma slurry of the carbonaceous particles, and piping
connecting the receptacle to the hydro-gasification reactor for feeding
the slurry theF%& r20 25. The apparatus of claim 24 including a steam
generator to hea ?he slurry of carbonaceous material w th superheated
steam a steam separator for separating the superheated steamfromthe

slurr rior to__the_slurry bhein ed into, the hydro- ification reactor,
and piypipng f or zz-feéﬁﬁr@pé%%@gslaaﬁéﬁq@wé’mﬁ (55‘%‘?2'8@?%% rp%?rcgqryti c
reformer to reaghq ﬁi‘f?ngg g%)ﬂrﬁe&g?“ﬁ_%estééﬁlfby%l‘?ﬂé"F@fbrrﬂéﬁ&sthbrﬂgtﬁéle

hydr o- gasi fi cation he appdratus of claim24 including a
st eam ggner at or Tropsokareacte0 ferfeedingrthg remainges o Hvedynrihasisdasal wit h

super heat ed steam wh rgg t he sIurrP/ 3%nd u erhgt%t g%%gn s fed into
t he hydro- gasi f BEREIBH é“&ﬁﬁ%ﬂb@é@i 'crrgi%ﬁb il é$ U élffég . The
appar atus of cl abspidbtd prebusé Bdigaidiusther - Tropsch reactor and pi pi ng
connecting the steam pyrolytic reforner to the Fischer 5 Tropsch reactor

for feeding the remai nder of the synthesis gas generated by the steam

pyrolytic reforpgr igto th I - Tr . Lquid
fuel. 28. The aggar aﬁﬁ?? a(ﬁp%é%:tgg%?;%@%iﬁ@%!ﬂ%ﬁi@ﬁ%h Stggllgéﬁgt(%galﬁsgétransfer
10 heafqgfrom ongeat frEgt bhebr bt dfvtle bydasphsifiedtionrenetortand Rischdti scher
Tropsch reactor to one or both of the s% ef'%m gener at or, and tne ?team

pyrol ytic ref or Féppschoreatios tagparcabeih af the sifaimeensieial @ddnasie3R sal t

| oops to transf%&r I%t?r’c rt?-ﬁ’ érromthe hydr o- gasi fi cati on reactor and

Fi scher - Tropsch™featt o 0 the steam generator and the steam pyrolytic
reformer. 30. Apparatus for producing a liquid fuel in a substantially

sel f- sustainin rocess, conprisSing: . a, spurce of carbonaceous terial
and water; a h Il?o- afﬁ@iQR%%&&F&S’E&%?E“C&JC@@%H}W%{NS& PPRS foeﬁﬁ'?%n?; a
hydroges purifi ¢abt 88nf thkltffdro-gasficate FeatOPratd Fis@REEPFopsch 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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25 a grinder formng particles of the carbonaceous material; a receptacle
for the particles and water to forma slurry of the carbonaceous

parti cl eswoa3st@sam generator to heat the slurry and acti vace/usagoxsay bon by
pyrolysis with superheated steam 30 piping connecting the steam separator
to the hydro-gasification reactor for feeding the slurry and superheated
steamthereto to generate nethane and carbon nonoxi de; 37 WO 03/ 066517
PCT/ US03/ 03489 pi pi ng connecting the hydro-gasification reactor to the

steam pyrol ytic ref gralps bR diRRAhBthyIRS BARRCAIGHeIANIEho GtsaH gene at ed

in the hydro-gasificat reactor” to tthe Steam pyrolytic reforner to form
a synt hesi s gas pymiplic ssfognénfdr fegeingnbtiandtoh prothiced gases pepenaied
connecting the steam pyrolytic reforner, to the hydro- .gasificatipn_ reactor
through the hydibBENYAIPIG séicefigh reafpEI0 %&rsq?a@é?sﬁa'vag r%8Ff‘P_B£P g]lrmnydr ogen
generated by thg &iARERieYEe LBkipfisliy YdfBaeh BhA daion iioRidéas! f i cat i on

g conn

reactor; and pipi cting the “st'eam pyrol ytic reforner to the Fischer-
10 TropSch reactor fqnipin@edhmq:tlﬂgetheaﬁmmwowgcf¢f@”§9ht0h'@§if§/dg@rs

o b oduce a |1 Gastoaer fos il BaTlapebet phrflo 3R o BRRRG Al con
salt 1 oops to t LRAEE! hydrogébehériied® By tivs smmfomtmerewa—ig@sthéi cation

reactor and Fischer Tropsch reactor to one or both of the steam generator
and the steam pydm-gasifcatisioieastor; 832d The apparatus of clai m 30 incl udi ng

nolten salt | oops to &I = inLigatd gn reactor
and Fi scher-Tropsch P@@ggbﬁé%dﬁ%h@g:#%éa% én&ﬁ%?é(()frgﬁﬁ%g%fg@ e@f% pyrol ytic
reformgp. 38  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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