PRODUCTI ON OF SYNTHETI C TRANSPORTATI ON FUELS FROM CARBONACEQUS MATERI ALS
USI NG SELF- SUSTAI NED HYDRO- GASI FI CATI ON 5 CROSS- REFERENCE TO REL?‘[}@ID 2405
APPL| CATION Thi s application clains the benefit of Provisional Patent” ™
Application Serial No. 60/355,405, filed February 5, 2002. BACKGROUND OF
THE 1 NVENTI ON 10 FIELD OF THE | NVENTI ON The field of the invention is the
synthesis of transportation fuel from carbonaceous feed stocks.

DESCRI PTI ON OF RELATED ART There is a need to identify new sources of
chem cal energy and 15 nethods for its conversion into alternative
transportation fuels, driven by many concerns including environnental,
heal th, safety issues, and_{ j i i M

pet r ol eum bRRAQDUETION B $¥&%ﬁ&nmﬁpo¢ﬁ?ﬁ?g?ﬁgﬁjE;??{%:l%a_on engi ne
fuel ed vehi gl [l ik i SINGHOELPBSUSTAINE he m drange
of devel opi ﬁ&%@ﬁ%ﬁ@ggﬂgﬁ{&@ﬁ% %Ije vehi cl e popul ation 20 outside the
U.S., which mainly uses diesel SASIFIGATEMNW ng faster than inside the
U.S. This situation may change as nore fuel -efficient vehicles, using
hybri d and/ or diesel engine technol ogies, are introduced to reduce both
fuel 5consunption and overall emissions. Since the resources for the
production of petroleum based fuels are being depl eted, dependency on

petrol eUfE%Qﬁq.(%%FiEﬁ&ﬂ@@Eafm&LADEDbAEﬁLmE@N non- petrol eum al ternative

fuels, in cl ean-burning synthetic diesel fuels, are devel oped.

Mor eover, normal conbustion of petrol.eumbas i tional
engi nes can calise application clgigs 15 %ﬁ@f?@]%ﬁ@?glﬁt?ﬂt& nﬁgﬁ ess strict

met hods of exhaus ] 5S4 apgopsed. A clean burning synthetic
di esel fu%eﬁr'aégﬁfp-ré&@%"z%g@e‘? ﬁgaweﬂgé?ggs from di esel engines. The
production of clean-burning transportation fuels requires either the 5

r ef or mul agh@rk(gkcﬂ)qut(jmgHrEem\&ENiﬂ@Nased fuels or the discovery of new
nmet hods for power production or fuel synthesis fromunused nmaterials. There
are many sources_avali l %Hﬁkiri ved from either renewabl e organic or waste
car boifaceblR-Dréfef Hi 1Y i i ng carbonaceous waste to produce synthetic
fuels is an economcally viable nethod since the input feed stock is

al ready 10 conﬁ}hgqi@%ﬁﬁe|iﬂ1\iériti©n\l@thmsyruhe$ia|0tﬂEaﬂaBOMQ%iuehﬁﬁmdi sposal is
often polluting. Liquid transportation fuels have inherent advantages over
gaseous Eatlomachaws fegdrtePler energy densities than gaseous fuels at the
sane pressure and tenperature. Liquid fuels can be stored at atnospheric

or | ow pressu e |iquid fuel energy densities, a
gaseous f@ﬁé@ﬁ?ﬂ%@ﬁétm stored in a tank on a vehicle at high
pressures that can be a safety concern in the case of Iealé‘rs]dor sudden
rupture. The ditsieré b head b identjfy mew gemEces of chemical energy

15  methods for its conversion into alternative transportation fuels, driven by m
evitable

any

concerns including environmental, health, safety issues, and the in

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 technologies, are introduced to reduce both fuel

consumption and overali emissions. -
of petroleum-based fuels are being depleted, dependency on petroleum witl

jor problem unless non-petroleum alternative fuels, in particular

Since the resources for the production

25 become ama
clean-burning synthetic diesel fuels, are developed. Moreover, normal

combustion of petroleurn-based fuels in conventional engines can cause



is much easier than gaseous fuels, using sinple punps and pipelines. The
liquid fueling infrastructure of the existing transportation sectjofi Bisungs
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.
Produci ng synthesis gases cleanly and efficiently from carbonaceous
sources, that can be subjected to a Fischer-Tropsch process to produce

The 25 {r aRSBBHE BOYBHTSERELFOILRAN Lo Tea H BT Cos S Sryr s S cess
al l ows for Igata f hthetia deesef fd cagheipedexbabist

after-t reafzé’na\fr?{?E %@Bﬁ‘?@s égigaﬁwmpgﬁgcti oln, renoval of tp(;xi c particulates
present i negiiesehs epgi dieseddrmirsds. and t he reduction of normal conbustion
product pollutants, currently acconplished by catalysts that are poi soned
et rol oum der | vaeiedbetam i ced Ehuding Teraesanr 4 st dy yiurpI6e
Typi cal Ly, rg§D§ﬁﬁgtibﬁroq%3fspG¢ i_pg%ﬁbdmuhb%d Ridsyeek fisemerpobness derived

synt hests. gases, are ree, aromatic free, and in the case of
synthetic ehepets forglovenpeoduction erfHeglynéRasihBONRUTSCIBNBIPESS: %P al s
t he nost commonly processed rbpon yeagsto
produce reRERABIY FUEFPSS 3‘0@{?&’ &%5@%@%%} 8@%%3?&&#{3%%%&?5@@?6 rest dues,

forestry, tcléﬁ?orfzﬂz%o% ASsteBMt NBSInAN b asRolLd dsteto praiste syntieic (sewage)

treatnment are al so candidate feed stocks for conversjon procesqssj(&s. Bi omass
feed stocksuelans be econumiaaliyl viable maibeed singe & st f5ed siegk Is ¥HalbI e

Geval obfantoppees oLt alE Bsieriad A 1R A R e S doing. |

California, nore than 45 mllion tons of nunicipal solid waste is di scarded
for treatment by iwast@ndpoageeilld Beid inhbrsi adppniagesavet gaseols this waste
ends up in landfills. . For exanple, in just the Riversid

> e Count
Cal i f or ni a fualsehaving hi'l@eéﬁ"iﬁfﬁzvt‘é%ﬂﬂ'%%‘?tthéﬁtﬂ?ﬁ@@%@@%ﬁgt s%%pge%%% are
di sposed of r 15 d i i ic Q8 Bs08st ons of
bi omass perarﬁgg‘?”%{]reéa&%%‘ngg@ﬂﬁ]!{egg ?éarﬁggrspﬁéd%ﬁ%rﬁgé%%vnec%l ((Bj‘g%QCo%nt yS
col | ecti on \@@aas Thkehieveiigiigale! swate deosifies segaseoust fugbwpuldiavegaper or
car dboard, 40%géiganic green and food) waste, and 30% conbj.nations of

wood, paperbe plosed irca stk ored APNIGIRE @9%6%8%‘?%}?&&@8 S &8APOnent s of this
\r’]\’gzge ¢ g?t g{@g{ce@ﬂl ?th%rb%%%?lleﬁ& cﬁrﬁfd@)éntrngﬁélréovh@ dheriblRRe dfQiqueriuess t he

gy sources If it can converted into a clean-burning
fuel . Thesgswastieesditr hes qisconafimnacinyisimme suhgls anddippinasel i

y
sources avail able. Wil e man xl sting carbonaceous t Lals, such
as paper, dinighielipgifigsiiisglied t'&%ﬁx’ﬁg‘&gﬁaﬁﬁorf%ﬁhoﬁ%gbﬁ e‘?ﬁg{ﬁ@%sﬁ%‘%%‘ t he
wast e prod %ﬁ‘f?dﬂ PRt A 2R phodpiting dfetankbumbe waste were to
be deli vergﬁ&fﬂrr ec m&ﬁ? %ﬁggjrg\t/@?si on faagip}ri ty. A tipping fee, presently

at $302835 perthétaniquic trasspdriatiochiéelged by the waste nmanagement agency to
of fset di sposal costs. Consequently not only can disposal costs be reduced

by transporting ‘H?ee a&gfatbﬁit)tf 81‘ %e‘é%%u?hﬁﬁ'ﬁﬁﬁmﬁ?ﬁéﬁbrtation 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 poliutants, 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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fuel s processing plant, but additional waste woul d be nade avail abl e
because 30 of the |owered cost of disposal. 3 11 JUL The burning; ef jmoog -
in a wood stove is an exanpl e of using biomass to produce heat energy. ="
Unfortunately, the open burning the biomass waste to obtain energy and
heat is not a clean and efficient nmethod to utilize the calorific value.
Today, many new ways of wutilizing carbonaceous waste are 5 being
di scovered. For exanple, one way is to produce synthetic liquid
t r anspor tc%fejlg&ﬁ Jikabisey. anghigaly, Fischeayrapschdiopidoiese Dé‘?@‘@@ fnt" gases for
t

conversion i1nto electricity. Using fue ro I $ sources can
act ual | ytﬁtanaaﬁéeri‘mtbsyfﬁb@ﬂ&@@ﬁﬁﬁlad"?isb'hls%%resp%‘rg o@éﬁggggﬁﬁuch as carbon

di oxi de, while 10 pr.ovidin I efifhgbBRbtaReygyef or transportation. One
of the prqaﬁﬁiogéymr%@ﬁéfﬁsteé%o%qhggélgrnocgluct Pon of synthetic liquid fuels from
bi omass sources is that it can provide a storable trig}j?ﬂsJ ortation fuel

whi | e reduci ngibhseffisetial iefthe grosenhomeenly a5Ees8H A “fgY% o gl obal
warmng. In the future, these co-praoducti OH|Hher ovi de
cl eansburwastg feedstockarses 1P SRRNHIR '%”fgaﬁ’[?eﬁj%!esggfg%%% it aatlf:é coul d be sustai ned

continuously. A nunber SeS S §fassautimyeand bivablidmiiont her
car bonac €888YrSnf &t e%‘%ﬁ%%:@%ﬁ%- bur ni ng transporté'i%\i'ogﬁs }ﬁliel s, but they

tend to hgai@ewagxNeswtye) treatmenere alse eandide kee trol eum based

fuels, or they produce volatile fuel u @@&p{o ueéhanol that
have vapororB@rgpePEeFassesl L?é%’“?ﬁ%gelﬁdgﬁio?@%ggt}jsgéicﬁﬁﬁl gh poﬁl@gti on areas,

such as t h@g&?&&&é%;{{gﬁ%%%%ﬁé br hasls N Cavifcrhiaubps 8g satian Wehexenpt i on

from cl eah ions. An exanple of the |atter {)ro 59 iesathe Hynol
eé;’arcﬁref% T

Met hang!  Rs@eRE Bievelipoteriséseverpbipiemassiyiizaiarbiechng'og Frer

reactors to_synthesize t hanol.,,. usi staedoipf waelel id draliethceous
nat eri al slra‘ﬁa%fﬁél’t’%f@megg‘én ﬁ@llmj&%ghoggngmc%gﬁdemnst rated carbon

conver si of, Gl LANGY wekste fiagBmnntviliical Appierimatehata oH: MFRE need 1o

identify hew tesources and net hods for the producti FapsRortation
fuel s requhtespriotarstilly. i nwsqnagmt@,ﬁawg?%%ﬁéﬁ% ‘?ﬁ“fﬁ;y*?at“?? produce
current petrol eum hased, f.uel r &SRS vdoit srenfsposetirdger30 for the
synt hesi saia.fUaESs; IBWST’CF 9‘%&3’?@%‘%‘% ﬁ%st ernative fuels obtai ged usi ng 4

1 (i JGi?ir gagwr 06 oAIIRg BB bhrd estimatesaoeent®0 DA dees PHRIRTIZSPIRET FAYAITL i on of

synt h iquid fuels from carbopaceous, na j UCH,; g organic
mat eri al s dusnpeshietaaydiibs E‘oﬂh@eR‘t-’(P\ré?g §95quéﬁ?\ilgéqcﬂ{egh%' Imgﬁdﬁé%f

car bonaceous waste . ' ot £ o yhidnebrd, 40%elosgarah (diéeBonsi der ed
a feasi bl &GriE ﬁ881p6§g§ta§épg?g|ﬁ’n\gaﬁ%%?§sgur ces for fuel C\%@drtéétl on since
h

the materiplq H88¥wabes kndse0% combihatioon st detdd PaPRaH! 2y al ue and

often its \,Ssjlsstg.o %%le ccarrggrggcseou%dcccl)in%pino%%%s SPIEL SR mamtial REvEBh&Nidad! | ution.

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. Conseguently 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.



SUMVARY COF THE | NVENTI ON The present invention makes use of steam, e
pyrol ysis, hydro-gasification 10 and steamreforner reactors toﬁpkégﬁcéﬁﬁ
synthesis gas that can be converted into a synthetic paraffinic fuel
preferably a diesel fuel, although synthetic gasolines and jet propul sion
fuel s can al so be nmade, using a Fischer-Tropsch paraffin fuel synthesis
reactor. Alternatively, the synthesis gas may be used in a co-generated
power conversion and process heat 15 system The present _invention provides

conprehensive equilibriumtherm- } ak¥s@ek dfaisivg benersal cl ass of
co- production ﬁ?%b@gg%%o Wpoﬁﬁgg %@éﬁﬁggfé? %? cl egn- bur nlie%g l'iquid

t ransport at malnfeRosEss, thecompn bamihgdhediemasp¥iRele gener at i on
from feed{gD %ﬁagégﬁéé%?ﬁ%}?ger _car bonageous terials, .an |%% jd water. It
enabl es atdishigiecrtegy and et iznetre glean app &g amSHoL Y W Shensi ve

analysis of coal  or %O%ﬁ,ﬁ@& ﬁ%gé‘Bf&H&iﬂpcféﬁboﬁﬁé&fdsah@té@r@o- pr oduced
env. e

fuel , powedlosHe VSt ntion provi des a process and

appar at us, for ing yiRbleshs wgads topraseemyntnegiadigbids fuel or as
feed i tobsﬁﬁi@%ﬁ’g}ﬁ% F8r oMb e

opsch reactor to produce a liquid ffinic fuel,
recycl ed waheporatibnsfants, Bhe amedier way 240 ﬁr%‘ﬂﬁset%ﬂﬁrg%{[i Qla%e%l%?sust ai ni ng
process. A slurry of parti ({I es of carbonaceous material suspended in
| i qui d waCBRVETgaRH 'H%‘QSE)@H‘ Yroman internal source, are fed into a steam
generator for pyrolysis and hydro-gasification reactor under conditions
wher eby super -k ofd R refeivablehiomash soutiesxiadaciirllycrBR#Ee Wonoxi de

are generated an ed into a steamreforner_ under nditi.ans 30 wher eby
synt hesi s rgascoonplatisi @@gmﬁnmuﬁﬁ)@aéﬁsvkﬁ“ggﬁe?@rgﬂ[a%gogﬂoedr\'ﬂggtJ nonoxi de are

generated. Usin hydr, ratd i foherathid pgatipain, a portion
of thé0 hyd%rﬁﬂgﬁggfi‘??éﬁﬁ@g&&&ﬁ@y g#rggérhspgﬁ%ﬁdrper@i s fed ipnt opt heﬁgggr 0-

gasi fi cat ippHRAFRLpRuthen by dyntetic figoithfasisifrare DIRANAFORAEESS 1 emai ni ng
synt hesi s gas gener at ed b%/ t he stea{n rgfgrm?r i(i ‘?.@{heereﬁéﬁgoas fuel for a
5 gaseous if carl prbvisiess AtprablogeansPaRBIoR UL WHIGIBAE A EG Fi'city and process
heat, or is fed into |- SS0Gln g}’@&é? @inceym hesiisre ghesor under

condi t i onSrEBNNPHES Séa%a W’ggl}?‘g‘gfﬁg , ar\g:ld#rec%cl ed water. The correct

st oi chi on%_b@dﬁaﬁémpfﬁcesbgdbogldrpromidealﬂa@rblﬁﬁmﬁuﬁﬁ TRbPSRUFEEYFed into the
Fi scher-Tropsch fuel synthesis reactor,..i ntrolled by the water to

car bori5r atfuel ¢epnoRey M&OEF&%?S@WGW{@%&D a?)f‘ | oops are used to transfer
heat fromthe exotherm c hydro- gasification reactor (and fromthe

exotherm ¢ Fi Scik'%ﬁfn-ge‘?ﬁf)t’oée%‘%@é @kist fo bdrpericcod aat otissrpragtoRanEPUso t he
endot herm ¢ steam genera [

or for pyrolysis and the st ref ormer reactor
vessel s. | mapaiald maaam—mneingrtmnertatr%fﬁ?l%g“bﬁ‘@vita‘é@??nh8? Q1 1 owi ng

features. 15 1) A general, purpos i A |€rdrahey eed system
that can WV%P&W%EFt9 %‘ﬁ‘&rﬁaﬁﬂgé?@h %% fr?%‘; : %grg‘%da?lm;and ragﬁ cul tural

bi omass,  aag FUGhEkRAlueR2 s eheRshetreaol indicthapasinbl bars YRo™2) A i rst
e O s values (oo h Elyr S Thigh e P&’dr i ch as the Southern
20  pressure values too hig for use in high polidtion areas, su

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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gasification unit. 203)A steamreforner as a second stage reactor .to

produce hydrogen rich synthesis gas fromthe output of the first stjagelll 2515
steam generator for pyrolysis and hydro-gasification unit. The nolal steam
to carbon ratio is nmaintained as necessary to bring the chenical 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 |nto-a_.sul -free

cl ean- bug 'dmgcéé9@&memcampatawmcairinftxs@ﬁpdasenﬁh?BE‘@%H”\B&%‘PJ“%?‘C(b) use of

generated synthesis gas as fuel for.pr - idtidAs f3uel engi ne
or gas t lighidiecisiem cabogerteAt @i@rﬁzgﬁﬁgﬁ%?%?%%@ﬁgé{ no- cheni cal
process reactors ar ieetioeaf cyrbonaeepas eni c

S 1% BRSearstiehR, Riodupe

hydr ocar B8R W ar to petroleum derived. diesel fuel and
wax-|ike n?%@ﬁé’lﬁﬂg%r&cﬁjc@iéymhetm fpelsrasindegrPeRs feed a i@@ﬁﬁ%%tﬁ%a jellies,
n

whi ch can be further refined [nto r [ PN Hedeed Bt ieg

conveRt i mbmmimetﬁﬁ)’tlse)sofif%f@é%uﬁgﬁécﬁﬁﬁgﬂﬁ@ tgkoﬁgfl%such aasi waste wood)
in a continuqus self-sustainablendashienant bitentt's dieposidrédes addi ti onal
fuels or 8&?@)’&8[‘5‘9%@;3 \@%gt}r ces. The reactor configurations can also be
opt i mi zed,ddqfortahowicesutendrorwheniehe@lPht het i ¢ fuel's, such as dimet hyl
ether (a fuel simlar to propane, that can be used as a transportation
fuel in diesel 10 engi turbi nes) and gaseous fuel grade hydrogen
(a fuel tHAMMARY @E%tﬁgﬁq‘?ﬁﬂgﬂcgﬁnes and turbines, and if purified to
renove carbon nonoxi de, as an electrochemcal fuel in a fuel, cell), as
wel | as energefig ?é@hﬁﬂﬁéﬁticﬁﬁﬁ%&esme of steznm eyrabyais . & YEEERSESAYR si on and
el ectric power prg uction. The fundanent al ﬁdvané§%%§0 f, gchi s invention,
over 1ghat anvisteatbrafommanrabriersic ProdHeS GriYoineys 994 i é ?a) energy efficient

(>85% nethane product i.Qn. WleabhBlyGadieesl fusl, ltowan bonaceous
f eed stocckoq}’?ﬁﬁ'a m‘é%%ﬁ%‘ﬁ%?%f’%@ﬁ@e@?i vateythe car bon .and hydrogen gas

as the solgoid haddings aheget gropulsian foelst sardalse DedTRe® Y9NDErti al oxi dati ve
gasification usually requiring ap additipnal ' {{ME8sial I
separ at i oRissksit-&rapseh @ﬂbﬁﬁ'ﬂ@%ﬁé“ﬁ@@@sr 5?65126\ it%%g%l;y‘, b(?gghegis tcal |y
sel f-sust ai ned e ' . | wilr @gavérgibnoandypgicesg &ekbn react or by
f eedi ng- b%@%”ﬁ)&g‘? [igé%%ar géeq%hgg%b%?o)duced in the second stage methane
st eam ef gftﬂ@ﬁm rBRs bassent ioyestien giovedas EPBIRI RS YresRe! WM S EIR B ur ni ng

a

transportation fuels using the efflue i st eamher ef or mer,
such as: ¢hgmisgl anplyAeE i W{GLC‘H% %Ca%f(ﬁﬁ%‘bgp e];%&e@séi scher 25 Tropsch

fuel synthes] e bt jUie trayibpettdteom fepls, Hexmal psae§S£NEeRPY d st age
synt hesi s /'@ %?fgrcﬁciér%gﬂ ?ﬁgmg ﬁyér ogenpclor oduct i on usicgag g?gé/eq;uggen
separ at | oBndaikettat power benaration A {eadsPiaashOH RS QOB 5t hi r d st age
fuel synthesis rea&éor.ﬁé&%é ti‘&ﬁéﬁ{gé)ﬁ \ﬁﬁtlf{rljaégélga Al gtacicapevabpenation al |

qui o her nal an%'

reactors byatefialsedy gment” of t chemi cal energy using

conbi éxti W HmPRhERGvSAnaRlksls sircoshtardratathen crr@enaceMTIERIf | Ui ds,
conbusSti on of product energetic gasesqﬂtrﬁ Stt arE Qd mai ntai n process
t enper at unesteriaBciovErpOdpeeE Bl PRer gryr NGaL SYSIETS.

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

al suspended in liquid water, and hydrogen from an internal source, are
nder

materi

fed into a steam generator for pyrolysis and hydro-gasification reactor u
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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)UL the generation of electric power, wthout the need for additional fuels
and external energy sources; (e) significantly reduced airborne epnissiionsns
fromall enclosed processes reactors and/or synthesis gas conbustors when
conpared to direct naturally aspirated conbustion (usually known as open 5

i ncineration) of the carbonaceous feed materials; and f) the ability to
capture all gaseous carbon di oxide effluent from process reactors or
intra-process synthesis gas conbustors for sequestration and/ or chem cal

conversion int condensed L08R §ireviepbudfiedtioheehnol ogi es.
These nomn%‘ﬁ? ?ﬁg%T?réﬁe?‘gpgﬁﬁea Sr o‘g ss%@?t ors have_bt he gg})abi lity 10
to i mproye £AePenildrogdd sendamd lof thensiegy refarfer ag fedrinfodhedwdbenaceous
mat eri al "conversion-in a co-production plant f?r S nt'tf‘%teirgn‘raﬂﬂ\@ chem cal s
and  energsificBRbEFeRESCRS BTH orreger RmMDRAMRES! BPYlFe 'T7i'S"8 118w di agr am

showi ng the overall nodeli f SEHr i henyREtdomel fdrgure 2 is a
graph sh@WnHipss B?%Qeﬁ?raé%ffg%ﬁ‘ec%ﬁgggf%?on Vs éEz /C and “FRO/ C rati os at
800C and g%]% ﬁ%@‘fuélgd 'éﬁ@neﬁbrg%ﬁs&uﬂaihé t@pgrdaph edtdusihend plosesePeahd/ C f eed
rati o°vs.9Hy and H2ZO'C ratios at 800C.and 30 atm_ in Hﬁg %0 Figure 4 is
a graph sdrawifeirao plFaschsr-T00RS@® LebayHRpSs GRCIOLPIET RAUDHE ratio sat

800C and 30 atm jn, HPR, Fi gur [ sd@widlehismeld ratib 80 C f eed
rati o vs.P"HQP%ﬁd‘qUﬁg@Eb%n&{t reggcl%ii M%E)%rcggﬂeg&%() atm iln HPR, Figure 6 is a

gr aph sh%d}gg%Hg%gé,fb@ﬁtrﬁomxia'@nw{ﬁﬂwmdein’iﬂ) thedgseias-TroBSEbi@ t i ons on
e hy

002/ H rati‘on dro-gasifier reactor, (HGR) .at fli. . 629 nol es
of H2 andsyhtfe&d reartes iafCOHEGIE}%TPYFHﬂ\@!aFﬁS' 1%9%@%%@6%? e Sooks

Figure 7 is a graph show t TEtHeeE Rt ehi@ Rddir essur e

condil on@ogﬁ”%laﬁﬁ?—?%?ﬁeo rthﬁEéa E@%ta@ﬁpxed feed of l2.23‘(:%9 nol es, of H2 and
0. 0657 rmgggfi@gﬁdﬁ%@a@@{r (84 froaf thE;exBirgarmic BischerT HREEh rea@ar Eﬁq‘t"ﬁie ef fect
tu

of Tenper re and Pressure 5 conditions on / L10c:k HGR at fi xed
feed of 2iE2% pmhesed))ffol-ﬁzeéﬁamf‘@m%s?teﬂm@eé!ﬁi%ﬁg?g e&rﬂg’%{%I%entd(r)t ®C Figure 9

is a graph show,ng th f Tenperature and Pressure conditions on
COHin tﬁf@aﬁbﬁ?faﬁ”?ﬁ%@gofg’%és%%‘ 2.629 noles of H2 and 0.0657nol es of H20
per nole of C 10 Figure 10 is a graph showi ng the effect ﬁlfé i nput H2A' C
rati o on steamp p@ﬁi@ﬂl@ﬁ,ﬁhéﬁ?&er{bmmﬁmtéwmmﬁ@”%‘V‘”Qﬁ@a $5-H2/ cO rati o
after H2 recycling for the HGR at 1000C and 30 atm Figure 11 is a graph

show 1n59 the ef f‘1()3(:t %fgecn%%g!g;inunrgoéehgoiidqgé%ohgrgo%5 material feed system that

Ju A

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 1o 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 equitibrium;

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;



ratio on SPR products, CO CO2 and CH4 in the SPR at 1000C and 30 atm 15
Figure 12 is a graph showing the effect of Tenperature and Pr essggwm:
conditions on H2/COratio in the SPR (2.76 noles of H2Q nol e of dé
the SPR); Figure 13 is a graph showing the effect of Tenperature and
Pressure conditions on CH4/Cratio in the SPR (2.76 noles of H2O nole of C
added to 20 the SPR); Figure 14 is a diagram show ng the Mass Fl ow
Schemati c of Bionmass Hydro-gasification for production:of Fischer-Tropsch
paraffin fuel g5 Fi guree thérms-c&xeuiﬂﬂa@lrmaﬁ%&'ﬁoﬁa@g?rﬁﬁée PBPEeE{Dw Schematic of
Bi omass Hydro-gasification_for produgcti I z paraffin

fuel s; 2Brddupereeariy nLge@%?@@WM@%W%@%H@%+E@%?6 E%Tg?lgdzﬁr\/agagenent
Schemati ¢, aof Bi,oma i d inB0né e sipiadttcetarieni deiryeler - Tr opsch
par af f i ndﬁﬂ)é?‘fg'e@efﬁjﬁm%ngﬁ?%é iﬁgﬁw'g di a f( am,shovvlpng t h% yater/ St eam Fl ow
Schemat i @_%95 2 BifmmB Sallidy, dridelg aan iedutthenrefiped ghtgduets YRS fiKEid&Rer - Tr opsch

paraffin fuels; Fiqure 18 is a_diaqr | lwamtsSchemat i ¢
of  BbomasHgHyaVEN a@aﬂfm@feﬁpﬂéhﬁ%‘r%S%c%wéﬁgy%@%gé?@ﬁ?%sch paraffin

fuels; 5 Figure 19,i i ahiaaaidvhwihGlitdhe Sekdriat #ddidg®nadi omass
Hydr o-gaé’i"?q(gé'? ?ocg?%#,a?ogsr g%'ﬁ%??%‘n of di rriet hyl _ether. Figure %é) is a diagram
showi ng Nbkig drlesrfaharaty soufceBi ohesisaciy doplighs ’Phﬁ&?ﬁ(ﬂ?% f production

of dinethyl ether; Figur 1 i i - i The HimdihEnathey (dVanagenent
10 Schenetntignisgd @rdmggocﬁ,ﬁspa_og@p%%gﬁ@ﬁ% %Pré‘ S?%%Eﬁ? i on g?ﬁ di m(st hyl

et her; F@gt%%&éédf iI§,-o oAb agraRYs hewised bk cahSpedaticFl ioe! iecHeskit i ¢ of

NG

ed t0°

Bi onass cation for production of dinethyl ether, .Figure 23 is a
di agram shmhagai® e turBales) Bho\aseResis! grafe hﬁ@ﬁégéahﬁrt %@tg%agffi cation
for production_of dinethyl  ether; L el 184ehiove @it monskiae, ng Mass

Fl ow Schebgtiped &erﬁlﬁﬁ‘ﬁ?gd tﬁlfi?meosi'gégi[ﬁ%gtei on for production of gaseous

hydr ogen %gh eiddtPenEmidal felan @ifagf@h),gmmh@smeégﬁi%wnﬂw&?@?? of
Bi omass r

o-gasification for productjaon of h ogen fuel; Figure
26 i s a diorgoarbirstbeyaie PPWEF ﬁﬁFV@ﬁ@PgﬁPd\éﬁﬁégéﬁ?&%ag%%g#éti c of Bionass
Hydro-gasification for production of gaseous hydrogen fuel; Figure 27 is a

di agram showi n te sMmld igvehtioBioveassabwdso- gasi fi cati on
for producti on?B%/\ﬁﬂéia/gg%@ E%/‘g\kéggée??%‘uel ; lFi ure 28 io/s a ﬁ_i a%r am showi ng
Mol t ey SabbniElae Sattemmetpriorait, a2 (B) onersy @PBté tAEM0K for production

g::h%ﬁ:? |Og ?)g?d@{ig%grgg{ %Jh% éva]il%brel gute 291l cApdhagsame Rhewiask Mg Fl ow

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 1o 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, (i) dimethyl ether synthesis using a third stage
synthesis reactor, and (iii) 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

7



Hydro-gasification for production of electricity; Figure 30 is a diagram
showi ng Mol e Fl ow Schematic of Bi omass Hydro-gasification for p%ﬁuqmm
of electricity; 5 Figure 31 is a diagram showi ng Thermal energy NManageme Pt
Schemati c of Bi onmass Hydro-gasification for production of electricity;
Figure 32 is a diagram show ng Water/ Steam Fl ow Schemati c of Bi onass
Hydro-gasification for production of electricity; Figure 33 is a diagram
showi ng Mblten Salt Flow Schematic of 10 Bi omass Hydro-gasification for
production of electricity; Figure .34 | flanopahrise agd of bi onass
hydr o-gastheig@memwnqureleér!%EH@PLW@FS@*‘%Q%?Wn fuel ,pr_odur(%ti on&usi ng an
adi abatic FHGR an : [sifisingantlyi redueed5irboma arpisalons MG 8¢hemat i ¢ of
bi omass r@ﬁ?@-agsg?@?%é’t%f%%ﬂ@r é15 Fi ?che_r-Tropsch %ar affi'j‘"l fuel production
usi ng an geiighad hoctiSRArRdcrd ahd/ oy BinesEdRS QR EOSeIEY 2 ther mal ener gy
managenment schematic of bi onpss . hydro- Lfd-catlan Eswirhsehen- Tropsch
paraf fi n ¢arepamddadtrecbhalyed gaWEY%?%rggﬁ%@n anwd 8%9: 1 V\éer feed; 20
Figure 37 _is a wat [EClerahateria; bhodfetbs apjity to cafddiS i cati on

f or Fi%ch'@?‘-@%%%@ﬁ%@%g |Tr11!a uel production usig)g aﬂg?di arb?g%ac HGR and a
9: 1 wat er 5 gageol @iben Fride effiveht EaMIHPEESY IGROEER MY P 0BT omass
hydro-gasif~lcation far Fischer-Tr ff-hBridig oRv@diaptintn usi ng an
adi abat i csyﬂt:fhaslar@@s&Og?byst%%%?%quer%g%gan PR rlé:gD DESCRI PTI ON OF THE

| NVENTI ON_A st eam rT,%tn% Jriols LR bysiesitiohgideohnyzle@iBBcat i on reactor (HGR)
and steaﬁ?‘ﬁ%ﬁ%&&%@ge or rPer (SPR)g)(aI so called a steam pyrolytic

reactor, steam refornmer or steamreactor) such as I - process,
may be utilizedhbsé Qomlcnﬂmﬁguta’ﬁ@%%i%@?@eﬁ%ge?@?fﬁggag% tb %rc %Bg%ng eam
pyrolysis of the feed stock, h - i fi-cabi ansthshaesousef or ni ng

r eact 1®nsto TARrove s Pﬁﬁ@ﬁiﬁ%@?ngfé\fo?rﬂagahgg@glbgggyert carbon in tge

car bonaceg‘y L i BheldibPirta @glm@@mtrdmanmodwﬁbeti@ﬁ@l%rﬁﬂ'eﬁﬁ?ﬁ'? &0E t hr ough
the SPR t %?o uce synthesis gas with the correct hydrogen and carbon
monoxi de shieephi onetry for efficient operation of 10 the Fischer-Tropsch
process. Wth the Fischer-Tropsch process as the final step in processing,

products such as syntt‘g ' EEP RIPTIONOFTEHE ORWBHENGS uel  and recycl ed
wat er can be produced. requirenment 1s highly flexible. Many

feeds that consist of. differ RESRO USerlintsdaling afdne peesest i | | ed
to forma wat erF‘Q‘I’rﬁr#S?aﬁ%WtCﬁ%}taggﬁqﬁg ?ed at high pressure into a steam

pyrolg eriny [fz9gasifier and steamreformer reactors for synthesis gas
pr oduct’i on. e feed to water nmmss ratio can even vary during the running

of the process, wiih a knowedge . of. LBeoFLuiB5S ebnRaBINYs i Khenieed, 1o

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. Ho/C

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

20 Figure 4 is a graph showing a plot of CO/C feed ratio vs. H2/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. Hy/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 COo/H ration the hydro-gasifier reactor (HGR) at fixed feed of
2629 moles of Hz and 0.0657 moles of H.0 per mole of C;



stiochionetry required for an optim zed fuel synthesis pr ocess.nwApJo‘L,p‘pri‘ ate
20 carbonaceous materials include bionass, natural gas, oil, petlol el 244

coke, coal, petrochem cal and refinery by-products and wastes, plastics,
tires, sewage sludge and ot her organic wastes. For exanple, wood is an

exanple of waste biomass material that is readily available in R verside
County, California. This particular waste stream could be augnented with

o B A
di esel fcm%ditimmﬁéon &"&ﬂ@éﬁt'q \éﬁggﬁ%ﬁga&t@(gaﬁég? %'E %éﬁgzgg%t%ocﬁgmkes t he

dosi red BuRBmEsRa S B HOESTRL Fraui d hydr bcarbon,  such as cet ane.
T i iy
ised hs aanetiengen a0 FoTPCR SR e by o A e el et oi ty

producti h Sefamiout Qut after recycling enough hydrogen to
sustain @%6%'3'9?83%@?5?3 may be used for this purpose al so, depending

on the needs of the user. The foll gw ng prowi £8&uremaXxi m zi ng
the economic pogeatd & a Hraph Seaving g@%ﬁﬁeﬁrﬁﬁﬁ?ﬁ%er{%dggt%ﬂg%conver si on of

car bonaceous nat er | t dPRepyas2dmotasabid-iamtd 10 i ncl usi ve of
t he possiqglﬂFiitWSf%‘rébjﬁé@}%e‘ﬁgﬁ%ﬁg%omr production through a gas turbine

conbi ned §M§$ﬂ?’10l@5 dfitmh pepmoid oflfe data on avail abl e carbonaceous wast es,
their chémcal conposition and perform further analysis on the practi cal

need for the process. 15 2 del the i ; ¢l ia@Borvétbhimn the
procags consi stiguep o is @ HER %W'th}ﬁgﬁgppéfgﬁa%tﬁﬁysias, hydr o- gasi fi er,

st eam r ef or.ner t LS 68 eheabUe BYNné opt BRHE® ralepfteyiEhesi s) reactor
on a contﬁeﬁ‘lf@ﬁ(sﬁg{v@- roorugﬁ basi s. Tgi s may be done by optim zing the
Fi scher-Tgé@;Q&HQh{o@lth@Hm at 4800°Ggnd BEAEr) feedst ock for the optimum
stoichionetiic hydrogen to carbon 20 nonoxide nole ratio for fuel to be

e e ¢ ohiguraa s aatapg S b 5t Ofarigieg tresinput d,0K% ai n and
prepare the in mur@raﬁé%@aqfaP‘igﬁWQ&ﬁBaéﬁ@* &f Sfflaridiey put id>

capital costs, operati %% a}nd
el ntenang@O ﬁ%@F‘PBF&Qﬂ@Es,B@J@OQGdd@ﬂmths@%ﬁ?fatdop&ﬂ 8remPATbns are
gi ven bel | R conjunction with flow 25 charts provided in the Figures,

denmonstrating the conversion of wast d ghdatgssigebonaceous
nmateriml, to arFigueild |§ia@r@phtspgwg&)ﬁe\2$1?%q%Ofﬁéﬁﬂég?tg%d ed water and an

o Lernat] v BRLEL SO ED ol PRI TSRSt HoDbome s e & gas

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-gasification 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;

Figure 16 is a diagram showing the Thermai Energy Management

25 -
mass Hydro-gasification for production of Fischer-Tropsch

Schematic of Bio

paraffin fuels;



The therno-chem cal conversion of carbonaceous materials occurs by two
mai N processes: hydro-gasification and steamreformation, with 9§'§a‘%i; o
pyrol ysis of the feedstock occurring within the steam generator to “*~ <UGg
pre-treat feedstock and activate the carbon contai ned therein. The
hydro-gasifier 5 requires an input of the pyrolyzed carbonaceous waste,
hydr ogen, steam reacting in a vessel at high tenperature and pressure,
which in a specific inplenentation is approximtely 30 atnospheres and

1000 degrees Celsius,, Steamr i {heiaBhirase gdrematifdfuent gas
fromthe HGR éﬁl@t&er@daﬁ@?Qr%%%‘é’m&r}gﬁgpé pressure of 30 atnospheres and

1000 degr, b &idHS.qadBicNasei ersdurttiby of Eadiheptoarasd reaaffipduelSnduct ed over
a tenperﬁﬁ&'ggga gdgég?% gbout 780 to 1200 degrees Cel sius and a pressure of

about 20 to 50 atnospheres. Lower tenperatur a re es can produce
useful reacti dligumeat&®is a/\ﬁtagram§hQW§3Q)M°§%'b ﬁﬁa‘f”tth%g@?#; cat al ysts.

Referring to Figure 1, ich i IFiddr b pebhasaraffinguelsder of 15
gener al %@E@% qfﬁ‘%sﬁ%@ﬁw @tp?g%‘g%{@h?gi% reaction g?aocesses i's shown
(specific amobunts for a particular enbodinent are in the flow di agrans

shown_ in Fi gqfigarelflg ths augfla@BhowRigMagsiRow SetiematieohPgMesR materi al s
through the process. The feed 11 i%n{:h@ﬁr%glg .mlled or ground in a grinder

10 into sHpdb-gaxifidationder pracdkeiPPt ¢cled water 12 and placed in a
receptacle or tank 20 14 as a liquid, suspension slurry 16 that is

transportable as a 6k D612 FRIWTB ch8miatic af Biceaassgener at or 20
where the sl ur%ﬁ“i%gﬁgg)éﬁ%@rg%qeﬁog&ﬁ%nd pyrol yzed, followed by either

separati og ﬁﬁo—é%ﬁc%ﬁ%ﬁffbi’ pratjucidreahdisepbyl#teen. 22 so that steam goes through
pi pi ng 24 Y at™1s separate from piping that delivers the punped, dense

slurry paste 26, or a direct steam. 2 LS, f gh piping 27.
The dense sl urFigupagi és AEHROER! %W[Pﬁgh%ﬁ'g{:%ﬁ%@gan&g% éﬁ% s feed 27,

ent erﬁ%? hsp %aﬁg of E’Yo%g&eplgﬁfo- AAtiBhasngdodsotiorcef difmesiny! eeerst eam

ref or gen Separation filter described below) and a fraction
of the previously produced steamflow into the HGR for. the desired
out put. 30 TheFpjilrpap ig astisgraonshewisg VY algsSjeah %Wré%@fnﬂg?adr?ogen, car bon

monoxi de, and super-heated. stea Rodiged by the HCR 28 | eaves
the 14 chBﬂﬂi@?s%ﬁlddF%Q%ﬂhf)%@”ﬁég}qd@%ﬁ%@eggﬁgog The 'un-react ed residue (or
ash) fromthe HGR is periodically renoved fromthe bottom of the reactor

vessel using @igg.ﬁe@gqs@(ﬂifagf&dsh@mingh‘dp@m SaltRew&ebamatieWat i s commonly
used in conparadbl e high pressure gasifi c?tiont sg%ggps. The ash is expected
to be 5 c@pnasetydfo-ganificatmroer PECEPRA AAMERYS8E% Wi th trace amounts of
metals. The input to the SPR 30 is delivered fromeither the steam

separator 22 by. pipjn i ateFiR¢ SaRgmiatic bhBiorpegs ng 36, or
via the HGR 28)#&%?8{24 ‘gpg’%%ahg%ﬁ;égaﬁg\}iﬁde %r eater-than-theoretical steamto

carbon ratigirb ificagorSRR pr3duction afigasgate hyBraasy fudlt he reactor. The
output is d higher amount of 10 hydrogen, and CO wth the appropriate

tiochlonetry for the desired hyd jate
Ee: 8\(/:v. omerry FqléureZeS isegldlra%ram s%oev?ncgal(ﬂ%?@ﬂo%écﬁé(rﬂéﬂ@éfEloﬂﬁé%f‘sess escribe

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;
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The output of the SPR 30 is directed via piping 38 through heat exchangers
40 and 42. Condensed water 44 is separated and renoved from the Sk 2008
output, via a heat exchanger and liquid water expander 47. The hgn“ LOUD
condensabl e gaseous output of SPIR 30 is then conveyed to a hydrogen
separation filter 46. A portion of the hydrogen fromthe SPR output, about
one-half in this enbodinent, is carried fromthe filter 46, passed through
the heat exchanger 40 with a resultant rjse.in i 1 ure (in the
enbodi ment  Erpive 280s detiagresn 8BANINgr'aaEs ﬁ?%%h%@éﬁ%t@g @n%g grade) and
delivered to the 20 HER 28 as. it%’%}?@ﬁ& n input. The hot effluent fromthe
SPR out piydro-gasdiora@n f%Pr%%éﬁoﬂgot fough’ heat exchangers 40 and 42, used to
heat the recycled hydrogen, and neke steam respectivel % Trée condensed
vater 44 |eayng s J\GRbR chonaws MAE Flswr Selyemnatc Bhele M make the wat er
supply 12 fo PHE s urry “feed. ny such neans, a self-sustaining process is
obt ai neqyy#5-gHfficktieh fayprotiestion ¢fae¢tEChhen used for one of two options.
Based on “the calorific value, the synthesis gas may go through a gas

t urbi ne conbined cycle for_ di - EMREGYaIretye Mammgermaeriir ough a f uel

synt Besi s reddgie ¢ Wi’ma@rargr%@g{“ﬁnt, a QAS% er(—)fTé{g @g@_pr ocess to
produce a_.cl ean gdi gsaiadsueydranshsificatiye feardraateon Of 'dance with a
speci fi cggfﬂfﬁ%lr‘bngfn? of tﬁ?i nvention, 30 the synthesis gas is directed

t hrough an expansion turbine 48, to R paimaesigy by | owering
the pressure !éigutm&gﬁgéitﬁﬁang’@“ﬂHgW?ct%}g%E%g SC?L@JUL 22006 Fi scher-Tropsch

reactor 50. The mechani.eal; Rl efbicetelbytriche, | i quid state turbine, the
Brayt on me@ﬁé" ﬁ%’h’f}ﬂ?ﬁfﬁes can be used to provide power for

internal slurry, water feed punps, air conpr or i : sur pl us
exported via elggs BBGS bydiggmaer sbd¥ng f\é@&en?gaﬁﬁow Stcﬁnﬁé“%é‘hrb?. 5 Efficiency
may be maxim zéd by adjusting in f&sty. parameters. The bi omass/
coal 1yar Biomgass kydiceddd %{atp@gfg’{/f?ﬁ#}euscﬂgﬂgplé%?o ) sl urry by addi ng wat er
wher eby after steam separation the carbon to hydrogen ratio %‘JI be
appropri ate f?ﬂr1 ‘{rE%mg%c‘e@gs fidwsdonemeatit e dhiotaess hy&R IGRPE % o run the
hydro-gasifie 9'Re steamreforner, .and to keep Egﬁ‘%ﬂ*@iﬁ%ﬁéé@‘la vi abl e
slurry af@mesteepschepanafin g PmUSF‘O%WmQtBtne%g?s at bi omass conversion
using solid dry feed had many nechani cal problens of feeding a solid into
t he hi gh Vﬁﬁ@é@ﬂd@, and high tenperature HGR reaction chanber. This nethod
of slurry feed has already been denonstrated and studi ed|i t@c%di ng to the
results for thq%,ﬁll@/w pt heromlificl ectareatic ofbivmaE MYHO- 8P ste to Form
High Solids Slurries in a Pilot Scal.e ' ad@habic HBR abdoz Srless et al .,
UCRL-ED 1Ri9685; Tropseh pReilim{Hal AP *gnﬁé\ﬁgreérﬁorae Nati on Laboratory,
Livernore, CA,in,1995. In addition, there is related art published on the
maki ng an‘ﬂa@ﬁé‘??ﬂ'i ng of coal water slurry feeds. For exanple, see Z  Aktas
et al., Fuel Processing Technology 62 2000 1-15.. The.bLipehi® 20 reactions
of the two mai pigﬂr@BSSLSeﬁhemyaim%%mﬁ@%?mﬂ%ﬁme@?%gﬁ ?ehgérm ng, are
ShOM Rer B i Gashication 16F FIRCRGHTRSHER haRsHiA Akl pfouglionsisnrty as:

adiabatic HGR and a 9:1 water feed,

Figure 37 is a water/steam flow schematic of biomass hydro-

20 | )
oduction using an adiabatic

gasification for Fischer-Tropsch paraffin fuel pr

HGR and a 9:1 water feed;

Figure 38 is a molten salt flow schematic of biomass hydro-gasification

for Fischer-Tropsch paraffin fue production using an adiabatic HGR and a 9:1

o5  water feed.
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C+2H2-3 CH4 . (1) C+#2H2O COtH2 (2) CO2 + H2 - CO + H20 (3) 25 Reactions
2 and 3 are endothermic. Reaction | is sufficiently exothermc tpiprgviges
the heat of reaction for reactions 2 and 3. Sone preheating of the HGR ™
will be needed to bring the reactor up to its operating tenperature. Thus,
the HGR is intended to be sel f-sustaining once the 30 reactions have
started and achi eve steady state. 16 The main purpose of the HGR process is
to maxim ze the carbon conversion fromthe feed stock into the energetic
gases CH4 and CO. Af t.hu g ﬁggqr@\ﬁgmmﬂmced by reacting
super heated steam w rl. Gl iheid N e SPR, half the
hydrogen is obtained fromthe 5 superh C diBeHerRREnder from
the CH4. The phiFieAm GENEEALL F%r@’mlgﬁtst ﬁ@@gﬁ%ﬁﬁ%%@% (}ergsd [52 be: CH4 +
H2O -> CO_k 3H2 ich T R cafieR astésn (rolyi{G)eattorThieast eam
reform ngsyegggpy%w(@kﬁmﬁé?aﬁé often run with steam c%réc?.pt r{g:lti ons

hi gher t hagror@arbr e@ahpreacte) sutloahiueaein § HYREWRATOEEBRENAN WSS  done to

id ke f t dtoi [ fLJ-Gil : ired
21 am GonteoTodiuesheisImieSg3? SERRTHBII TRA Doy or G R ed fequtre

steam to-car hon bl & LAl - QteatM@rsmiing redctiont e hstreantions| $adl es per 15
carbon at 5&?‘%’:@/% ﬁ@ﬁé%@gﬁmeepreferred@(& C ratio for &he SP,

R
oper at i on i Sh@ HER &F coian: Grbohiisthe eathrRacaPussRaite| IBIP # VGRS & wat er - gas

shift reaction. This reaction,s onl i ) ' kJ/ mol e
30+ howeyepduiar g ENR s MR St s e SR G e

monoxi de into O SHoxRadtRIchionsatrafid iefficherd| operatioit @d 20
secondary 4 'éeccgﬁg@'%ggﬂ ag)gc%?t?ofﬂie m;(t hanatci :)n rre}20t i Onﬁ§5\/\%if5ﬁ£erﬁ$ﬂsunes

hydr oggn: 166 Fiaitir-TebdsdHADOCEys. 29/ ithHBerdsaneri ngP et " GE e two nain
reactors is a synthesis of ses.rich,i , digesigede, and
st eam AppteRihBIEeyFSHY| ?rofng% W&r%sg&dtgeft%yo@%%gﬁ?hsmggﬁ is recycl ed

back to t l—l@% NSSEHERt b¥ profi@celit si de source of hydrogen is needed to
mai nt ai n rs]é{er'ea Y glggte operati gn. The HGR and SPR processes, therefore, may

be considered to be chemcally 30 self-sustalning. The remalni synt hesi s
gas i s then avalheafsassfask F@ﬁ@ifefﬁﬁﬂﬁ’éd"t‘@rém?ISF‘lDPEugﬂ?néE (%’rfggggés at. 17

,JUL 2 The present Laventlon Hkditd Ban Besfdianiidd @i anatessucan produce

15  that can be fed at high pressure into a steam pyroly;er, hydro-gasifier and

steam reformer reactors for synthesis gas production. The feed o water

mass ratic 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, fires,
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 fo

iandfill.

When used o 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



a zero-sul fur, ultrahigh cetane val ue diesel-Ilike fuel and val uabl e

paraffin wax products. The absence of sul fur enables |ow pollutarg«and: 505
particle emtting diesel fuels to be realized. 5 The present i nvention

al so provides a source of by-products. One wuseful by-product is purified
wat er, which can be re-cycled to create the slurry feed into the process.
In a report by Rentech titled "Fischer-Tropsch technol ogy" dated 1998 see
Rent ech web publications at http:IIMMMLrentechinc.conl-ﬁggggﬁg states that
the Fi Sofigfq FyaReama, eoels s Ttana, (o-aad reinie AhaFgoPn aBodt’ 7/1 Ct hs

o]

of a barr wat er per barrel of- Fi - Wlt [OfbeitRe SPRobal t

cat al yzeﬂ2m§6hﬁllﬁﬁ%@%@lﬂ‘%‘?‘?@é§ls E)ﬁ:&ﬁ%%@%§§{s 1 tgblt" 3&&.?”(3' s of water
for each, bar, of. Fi rs R ther migdtedrsT ropsdT ewtibetia nt than iron.
Part of t%e @%?r #E‘)?ﬁﬁgﬁreen-c%gfgg to nmake, steﬁm in the %#E@‘@{O former unit
and for gﬁ%ﬂcﬁ% bochss, fratitee Byer hesnLNESIRiEUENY TNSTHR? “fPopsch step of
t he over process. The _Fischer-Tro J cBh§enpugduce tail gas

t hat %onthchityyadwden. -&@,S@E?S'ﬁﬁggs%gjﬁ%ﬁ%ﬁ?&%’ydr%cgr bgn gases.

Hydr ogen can be i, traly|begase dafiod thie pycpase @seher to the
HGR or tﬁﬁgﬁgggﬁgfsbg%g%cﬁﬁrgg% or. Anly smal | ampunt s ofh{%g her gases such
as Cg) anﬁ]egggd;né%nm’gp rtmdfslcﬁrtﬁ%iuéﬁf-.—rh‘?/\%’“ﬁ’ﬁ’l’w B@g&%@t%nﬁ |schgr-Tropsch
may be characterized as synthet,] ' il evmrvaxhe According to
Rent ech, maximizenB§/Re %tpOt? tla(f{rﬁﬁl trh%ggsﬁgﬁt&ﬁar i npl enentation of the

Fi scher-Tr Oﬁé&%f%‘o&ﬁﬁémaééﬁsmﬁmhsm usaiatransppitaipriiuelt Pedi s about

50/ 50. Fi%S8 -Tropsch products are total l%, 25@{ eg thhl%ﬂ RY qadi trogen,

ni ckeh, vasasienr tesposdibibiyder disert Ap@HRPPEST PHEYAPE tygl ca ?y found in
crude oil. The prrng)ducts are al nost exclusively paraffins and olefins with
very fewtuginggo HT?EI‘\‘%?E’CyCI i ¢ hydrocarbons or oxygenates that would
otherwi se require further separation and/or processing in Ordﬁﬁ} t“_o be
usabl e end- pr oguct sind hppabsmatedat subtaileblacabepareoumiesrantid cs 30
substantial ly r'educes harnful em ssions. Al f o hdadrRgFOUr Cces
Board (Gm@misabmmbwﬁq’fbﬁﬁdpﬁfgm‘zg'gtﬁe‘??]ﬁ?ys rgét}ﬁ%@kict%am]éﬁum cetane val ue
of 48 and reduced sul fur content. The above Rentech study w th Shell

di esel fuéP RSPB‘E%FCed froma Fischer-Tropsch process has a cetane val ue of
76. The CARB standard for sulfur in diesel ,fue{ pl acedsg r&)é?sﬂ oivehicle
tank 4 500 pppy by Metghthe ienporienereacsionps Sehat MFriIBSER® pYGcess’ ~di esel fuel
has no detectable anmount .in th p NQL-i5; danRE:tsfraedand théor aromatic
cont ent i‘éﬂa}ﬁeﬁm@eﬂ%ﬁwri@ﬁ’/{?ﬂgﬁ\?gﬁ’ a'%(g%%gl%%rgtsnall_ refinertges . The
Shel | Fischer: TTORRGR (BF 8% fudlisgatlesiyebattatono ahotisspEB I | co. 10
Rent ech f GFCHE |rr$ed t hrough st udi es haFl ttl(;e %icﬁs(Slo{h‘é‘?lfuéTay need no
further ppasesSiygrzedeudenaby OREMHIRY (e BRE 61 efTHY “product’s t hat nmay even

be advant ageous, ove r.ude - oi ' Hhenibmeehehydroges ehcdibesel  process
is cl eanSaﬁftﬁ'eﬁﬁ@r)ﬁ{aﬁéﬁ%ﬁ@]th?;ﬂg‘rﬁléﬁj,mﬁas a] hi ghery cet ane val ue, and nost

kel ¥o  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 transporiation fuel,

recycled water and an alternative power Source, via a Fischer-Tropsch

process linked to a gas turbine combined cycle.
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does not need further processing, when conpared to a crude oil diesel. 15 A
gas turbine conmbined cycle for electric power production is an gption. _|f
the Fischer-Tropsch product is unexpectedly too costly, the useubf #le £HiG
synt hesi s 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 nunber is reasonable since the synthesis gas starts at a high
20 tenperature as opposed to taking natural gas in from.a pipel ibne. Process
nodel i ng can used to SOy UsSrbansysdUtesbErigesocauEs b zed for a
yield high i nh% g‘?&m@t—%ﬁe?ﬁ‘?glnet rf\é{:ﬁl{ggr ogen. First, the unit operation
react i onsy,of mhltepfardssed asidfd-gasifisatisarandesieameieformionFVER fE:3 ™ opsch

reactors are nodel ed. This may be acc¢opnmplishe i S jan, a

DOS- basedpyrolypist afithp ferisinsl wurﬁ%@ﬁﬁﬁ%ﬁi%?%%ér’%?é?&ﬁ? egg/@élvar ying the
paraneters of t rat.ur r igithateid eFHs hodlo-aaxdfiglas fl ows, a
par anet erfeﬁgﬁo&ﬁr%oﬁﬁféwﬂgesth%f%??%e%r&tgmggstgd e(i)n cos}thg anga:%utrgut benefit.

The hydr o- gasiifrinyar dfahkesrobaree cartondedusorasiienYHREMIAER Aet i cal

carborr conversion efficiency. The steamreforer [ = nodified
for 30 mawdamting pm ao:leiseallatcmgibtﬁ”&ﬁr?%%ﬁ@HSFPW%&SQ%’?\JCF g'lr?la%}ce\ﬁ{l ng out put,

and 19 m ni mum02 .praduct Ly s hiase ndt 1 000edagreen Ueigieg.amet er s
wher eby t (iPI§ t [S\?%l ﬁ@gm\?ﬁl}?gg for ﬂ())ne const ant n 3-D

resul ting i -
par anet er s{%éqq QBfGHHY E5the Thethbot rohiefityenit goa $wss thendCRedlP %q'%F%ﬁn t he
conput er nodeling of the main reactions usin j r ing. 5

Ref er r i ngah@pprgameteprassere et et ArgpsRIErys ﬁagﬁ ﬁ@@\’?g@&e‘%&?@g@m gfnd

hydr ogen tios on .t he i ey Sfercatchoeraturd eyt ock in the
HGR i & sh e:&en%%éfceggggg{gge%%%gn?sef%ﬁe hydr ogeern and_wa input to the

{fe
HGR i ncreasgg; 760 ¢200 degraes Cééifsi'ueiaedcfypwsté@r@ccﬁbquﬁzpe@oéq ock increases
until it reaches 100% The condjti on

hat i %
conver si omirbOspiféresi epwgr f&é’?ﬁeé%télée%ﬂ'éé BFSStS;fEéAn%%*ePE&r?g%%%%g?tl %%%@aand t hese
condi ti ons_wer eg}“‘%;-%e 6paﬁrg§ﬁ3tgqe§m@jrdcém@sts05t of recycling of H2, the
e

m ni mum afdgRe"! rec to the HGR nust be chosen. Figure 3 shows
the effect of H2 and H20 on CH4 in the H&R 3]t 8000C agg 3(1) %t‘g@ Figure 4
shows the ef f e®efefrindo RigdreHRoviiph oan PreidiopCRagag, B30 atm At a
hi gh amount of H2 15 and. | pow anp nﬁ,@ ' : agpiphowh C02 is | ow
Al t hotgh tQ%l9r@ﬂirﬁﬁ?ﬁﬁ‘?é%ép?%wn‘?%q}rﬁeg‘% er%éryégﬁtpr%é@s&Z in the synthesis
gas, it i;sﬂg&fic?ﬁfb%ﬁ%idfé;@aﬁlhﬂbﬂbmoﬁmﬂeﬁtmr&mmﬂd@\fbémsmwns gauged
in the SPR™Treéactions through the water-gas-shif

L. i
proper r atih Figiresi? 4 threligbB8 orPiainges i ‘FF@EY?é/rt}‘?:‘ﬁ%%glﬂggﬁeog] r@;(r:]t ?on.

Figure 5 shows the 20 effect of d—@,O% A& bryrinder HEmtatsn8A00C and 30

atm Fi gurié’@%?s-??h%?‘%ﬁﬁ%qg'Ss?n%%pt%éﬁ@%f ect r%oP var‘;glrng t enper at ua{rq% and

pressure %i@l%lscﬁ%d%ithwbﬁeﬂmtef‘I?Ialedeﬁlactﬂﬁfe!ﬁta RESRECS BRiA e HGR at
. o

feed of 2 "H2 and 0.066 nol H2Q per,. mole C.i f st@ck. At
t hese 20conth tis aniguid, sagpaﬁalomblrrynb%%%?bs Vﬂ@sw‘%bl‘? ﬁ%g&% R conversi on

?Lf chgggééaanly} Sﬁrtnipr% 89, (R.oR 98BekbrEPUnkr Metsmpetdiure range of 800
superheated and pyrolyzed, followed by either separation of the steam ina
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



pressure range of 30 atm to 50 atm for equilibriumchemstry. Figure 10
shows the ratio of H2 and CO available for feed into the Fischek- Tr.bfsdhi
fuel synthesis reactor, against the steamcontent added to the SPR at
8000C and 30atm This ratio increases with the increasing amunt 30 of
steam added to the SPR and reaches 2.1 at about 3.94 nol steam (or 20

wat er) added per nol Cin feedstock. Wth this anbunt of steam added, the
systemw || achi eve chem cal and thermal self-sustai n(igi\bi Ei t%/ e}}% 5Jrovi de a
Proper r agfigmor 4t mnslirtied overosbh &PRBEpSde WRrdded Legidd H4R0) R gure

11 shows the effect of H20O added t celajdsselFi gures 12
5 and 13 EaevihetoRf ﬁ&@r‘%cqﬁgﬁﬁwggﬂﬁﬁ?%mﬁ%@ggg%ﬁ ha k2 and 0O ratio

and the convsgasé%l%EP%d lﬁcr_lﬁgP%rrﬁgé]hgdﬁethatémpmmemeua@@i"l ower

pressure,u§lﬂ gher. In asimlar _trend with t H2 and CO
ratio, thgompamtes sighrprets@eyasifinatias s¥siAMh TNFALRSISGetETperat ure and

w th decreasing pressur It is thus high 18R Mamispr essure

favor €d i AOTRESEPR 3%@{@@2’&”@0%8%&%#\1 | Sghgﬁr&g&tp@@ﬂ\ pac{a{{{f&i g}iﬁc i qui d

fuels arerin.a W 0 ®f dEhenfrotmbither the strath sgpeawie ove Rentech
il e BPES

report, a e products are diese

fuel. Al hal f of the
products eieg BR thioeghfeoneater 3duaad fuither Pl'P‘rﬁ‘Sr‘J’aar?ngﬂ g‘eo}fggggﬁséeghts%gh as
_ ted t ant d h . , the BP q
22 ][ g?tc h)e Piprig& 39%ﬁg%&rﬂ@etﬁﬂﬁﬁﬁ%gpﬁ%&?%n{{@éé}ﬁaﬁ rafd han e PPBpane an

esent 1 nvention, cetane, which is in
m ddl e posjgt ic?ﬁitﬁ;fategbﬁﬁiﬂb o EgRac@r The oug20 i9 a higheremoewH s di esel fuel .
The resul t's” of tierno-chem cal and t‘herr?)d nani.c Fct))rggéidggiré)% t he
hydr 04gasiHydasheno ane GO owitb theraep@PiatS (0(51%%%% a pr ot ot ypi cal
car bonaceous feed naterial . d@ireddEidRe the details and illustrate
20 the feityéF%?r%?”nF%?éymgl\r%ﬁ{rgﬁ. ese simul ations of the novel sequence

of process reactors were undertaken to discover the therrﬁeéghen‘i cal
condi tions neeqgRdbitpubsithe\3PR 30 ipdiveciedi \om PHHNG y Rt AOLEE | s. For

exanple, in the production of synthetic djes , &njEckdrmes were
to attain exchangerstdd %@@420%%8@ Wt‘frh%i% r ﬁafrs ggae ydro-gasifier. In a

parti cul artggggﬁ%waawgg(ﬁe&%x%ﬁaw lihe draadr expasger K7 bT heinpn-

t enper at ur , C when adi abatic) and 38 at r@sphe es pressure
Wi th gzt ot@ndeydaslgerseous autmh of SR 38 heraqryeyed £ 28099 48:1 (1. 67: 1

when adi abatic), and ter to.car f i f tafhi@d7: 1 (0.43
when adi abﬁﬂa(f?t}omf‘iﬁ}t,%r étpgg(fﬂn[ %Rﬁgmgﬁgqeei@&m%leesﬁtogugﬂ%faat | east

3.91:1 (1-§r£é-i'1a|¥"ﬂ?{hi§9h%@tm@at, isdarih Gosethefites iy paseed teangh E¥or ni ng

reactor al operating at an equilibrium.tenperature,of : C when

adi abat i ¢)heatcex3Bangesphihesrasuartuise Intts tg%l%‘fﬂmﬁ ('ﬁé'ﬁ% %?T?Dg’ﬁé’{‘gﬁt?

si mul t aneous optinmal quantj.li tRgedeY &id deliiered tsthel ned

oper ati on BPMt4%Y $¢9TEFS Hbéﬂaﬁéd%9§g§?§%§ﬁﬂ@eaﬂ or and an _adequate

hydroggn t H(ﬁ@?@%ﬁ {0 Rirbgén mpott. Bite heteaffluentzramithe SR PHEIUY iRFO0 ‘%@nt hesi s
ee

gas strteamto the third stage Fisgher-JTro f erating at
200C and 1By@taa$jsgrh§@r|oelghmf&@§§ﬁgl@ﬂ%@agcﬁ%%é,it@s%gigpfh%%ﬂﬁg recycf@

hydrogen, and make steam respectively. The condensed water 44 |eaving 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 t0 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

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

15
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sust ai ned operation of a special HGR and SPR conbi nati on reactor, followed
by a conventionally operated SPR and Fi scher-Tropsch reactors, wth full
thermal and chem cal potential energy managenent. Tables 1 throd‘gp ﬁ,sggw
the overall energy transfer rates into and out 10 from each heat éJéha{i’U@er
and power conversion conponent for each operating node of the conversion
process. The mass flow, nolal flow, thermal energy nmanagenent, water/steam
and nolten salt schematic diagrans for each of the five gp?r%i ng nodes of
t he conversi on pr S heswhaatcal bo@slgrabiticed ®yABe 1iguia2g, 29- 33
and 34- 38’255@@%%@@%%263?%%?%5q’géand 7 15 Eur_rma?i ze the resul t\é gf t he
performng@iéﬁﬁgjngjstr@r@rap'tmmRaohmBWﬁ@tmmiﬂe%ﬁ?%P%NéPg ?OFORAEh of the

five operating nodes of the conversion pr : aeemus material
feed pr ocpswerfﬁrtint&rn%}SBIJé@/@W%@Jeﬁawgpﬁ’sgg%§%\%?%%&éﬁﬁﬁI?‘Sé]suspensi on feed

technol ogy, originally. byscEeraffs fi afrougsd.in its

parti al -O%ME?‘%H*HQ‘%§%P&§¥§%@§§? ‘can accept a wde variety of 20

car bonaceous materials, and can be netered by controlled gunpi ng into the
first .\?tage hy gpaemygasy beaatkioizaday ediusiMERPU BNPPERIESE a met hane rich

gas with high conversion efficienc é\ E -t@m@st-zéoei@ﬁ a85% car bon
feed chenpemmeters. 7B¢ DEFN2T iCBP'QY%Q/’ ﬁ%%%ﬂe%‘i’}% 'S Qvailable to be able

to generate super - ffrRinstdien bepamsion Wat earbondery feed to
supply ZSSL%B’ %éﬁgﬁg%{eﬁ%\gégon stage steaEn met qane re orﬁr}r&r The refornmer

pr oduct gl?grdg?em@@loimm be aphyapEe ForrBapreGRsst iA BEFY{REE "8FYws al nost pure

hydr ogen 0 pass back into ,the fir t uskaemitidhe
hydr o- gasighiocghiviebio "PﬁéheWB?P&Q@S.“%‘%IHEﬁe?gt%gﬁﬁ%ﬁ%rﬁieerbgrﬁ% stag% product gas,

i i ioni $ri te @h o &)
pgt c%ﬁ? 3%?;5 %ﬁ&%&% %@Fw%gm fgb%él%ﬁlonl Priooatedicrpts @hb®nsassand

ack into the slurr r eous feed
system Thenuefdidh asied sgbs drssfa‘e@dﬁa%m”ywh@mﬂa?g %éiog%egjglﬁgr s, which
conprise a Fischer-Tropsch paraffir Sotinh@sinsbgreact or,
whi ch opersaliddntgths %rﬁésﬂ@gpﬁg';ﬂ%rﬂ%eé%e@e%%rrgiéﬁg? Process nodel i ng
reveal s t gt tha, by dr oaed/iead hes alrebey bean deeemstrated dewdiase at | east

R N
‘Fl)'abl ed 51, WaﬁFﬁjtf)?E%";m H’%’Ego@ﬁ g@rgénsgl@agpgfé%?é 6\53? gﬁjn%?{ b%" gf Egtd' abatic first
R et bty
appr oxi mat lekbyoraBRy A%y @NERrangA7 N 489t H‘a?fﬁﬁﬁoqfﬁgerﬁg% E%l%g%%c%@bgg%ed to
co-generat & b0 BRRiHa St M BHin§ ! PELEI fatey s 90N epaogis sdeedt f or

exchange wPH and wat er/steam heat_transfer | oops (see

Figs. 19-2ziapdikabFas! Pidcebsiagd erhnologs 6EgEHW Gy EsEo ke PURFPS nt hesi s (see

Figs. 24-28 and Tables 3, 6, and 7 nd al]_. ri P6iHet i on
Wi t how0 f usdactipns w@ﬁ&%@@*@%@%@‘% %’Jgr"éﬁ%s‘%%@ ézf&’ %géﬁffe?c)ﬁ . 15" Net

export of electric SddeRdent @idctibhy eambdespofssegeasat i on of  the
si mul at ed Ef%%‘%\gnﬁ@g&ﬁ%‘%m icatéiaon process plant. The results of these

C+2H,— CHy | (1)
C+ 2H.0 - CO+ Hs (2)
COp + Hp = CO+ H0 (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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sinul ations are summarized in Table 6 and 7. The overall energy utilization
goes from50.7% (71. 2% when adi abatic) for Fischer-Tropsch synt h@gg 323;0., afn
67.2% for hydrogen production. Optimized electric power productién ut Iﬁ‘%‘s
20 about 38.2% of the chem cal potential energy in the biomss feed stock
for clean-burning power conversion. In general the process nodes could be
swi tched using an appropriate proportional valve to distribute the
synthesis gas production after separation of engugh Eure ha/drogen gas for
the first stagenfudbongssidfitoati@m precassdp fo peximEet eIt the overal |
nodel ing shown in Fiqure 1 are s ri ; b@%ndjeomﬂgwm

condi t i ogsnmaHrsiphdraAckae @?@r%ﬁ"iﬁhk‘j‘%g{}%lﬂé%gegﬁgag%at m 2.76 _&DI@@HZ per mol C
in feedstock to maj ' Habsd Bl naditing superfedi66 stadm M2 # mol Cin

f eedst ocks 9?05_55&3(%%%‘%3&}, it onsyof the SPR %er ﬁaté'i n(% r§ &%OOC and
30atm 4,022 dithhR@ePSPRIN tiE BRR, detidhe dydragend Sorlpes b%c product s:
0.199 ton wax per ton of feedstock, OnFLOhrik@pianealtcz-ta )

di eseb peupedwatstd $t@éﬂ'5@r(‘ﬁl:ﬁ"e r@"ﬁ‘?%%ﬂgﬁhﬁﬂ%@#‘*ég@ntﬁi nv%nti on and its
advant ages_h be i Rei n detail, it should be understood that
vari ous %WS%ER arg[]:gggl E{{,xc? ons and alterations can be nade herein w thout

departing fromthe spirit and scope of the jnveptjon as definedsby the
appended clains. Moreover, the s&bpet E‘Eot“ﬁeéér"éggﬁt applicati og S not

intended to be linmted to 10 the ?’%uwl_grcgnbgg@ma@@gmzthe @bbcess and
apparatus described in the specifitcatién. AS oné of ordinary skill in the

art will readily appreciate fromthe disclosure of the present invention,

processes and apparatuses, presently existin r| Lol devel oped
t hat 1ger f or m suksstant mfmmwin@ee%céi@ﬁSﬁﬁﬁ@tdi%r?fg&?tegdﬂ%@%}%‘ %ﬁ%@t antially the

same result as the corresponding - SihpdhaRAbEHdMefgShoWpesbdwer eTis may be
utilized caeeeRHRHRNS 39 ﬁ@%}‘g@g%{ | nvg’r‘]tg]i%on. i Agf:*grdi ngly, tg.ggappended

clains arg dioﬂ%jg%ggidt&Hé”‘t@hﬁdﬁomdamdhitm irprsive osEypEsionsBidiRIEHCYcdSSes and

appar at uses. ble | Bi onass conversion. opii ha?r oduct i on of
Fi scher - Tegpieth semnacbhagntEioNgy UISH?IB’ ?‘Eﬁeq('fw-\fh Ene?fgrgn frogg e out (MWN
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15  carbon atom in the HGR feed. The preferred (S:C) ratio for the SPR

operation is greater than 3 This steam rich condition favors the water-gas
rmic (AH®= -41 kJ/mole

shift reaction. This reaction is only slightly exothe

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 + 3 Hy— CHy +Hz0 (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 0 maintain steady state operation.
The HGR and SPR processes, therefore, may be considered to be chemically
30 self-sustaining. The remaining synthesis gas is then available for the

production of fuels and process heat.
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The present invention using the Fischer-Tropsch process can produce
a zero-sulfur, ultrahigh cetane value diesel-like fuel and valuable paraffin wax
products. The absence of sulfur enables low pollutant and particle emitting

diese] 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 Fischer-Tropsch process

i0  with an iron catalyst makes about 7/10ths of a barrel of water per barrel of
Fischer-Tropsch products. A cobalt caté!yzed 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 overali 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 rﬁay 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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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 voiume (20% for small

refineries). The Shell Fischer-Tropsch process dieset 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 & 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 fo taking natural gas in from a pipeline.

Process modeling can be used o 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
fiows, 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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minimum &%Sétperogl\ﬁc%@n. IR BFFooked at the various parameters
whereby two different values varied for one constant, resulting in 3-D
parameterization studies. The following discusses the results from the

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 {0 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 Mz, the minimum amount of Hz
recycted to the HGR must be chosen. Figure 3 shows the effect of H, and
H,O on CHg in the HGR at 800°C and 30 atm. Figure 4 shows the effect of Ho
and H.O on CO7 in the HGR at 800°C and 30 atm. At a high amount of H»
and low amount of H,0 input, the amount of CO. is low. Although the
objective is to minimize the amount of COz in the synthesis gas, it is not
necessary to minimize COz 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 Hz and Ho0 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 0.086 mol Hz0 per mole C in the feed stock. Althese
conditions of Hy 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. fo 50 atm, for equilibrium chemistry.

Figure 10 shows the ratio of Ha 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

20
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proper ratio of Hz and CO for Fischer-Tropsch synthesis of cetane. Figure 11

shows the effect of Hp0 added to the SPR at 800°C and 30atm. Figures 12

5 and 13 show the effect of temperature and pressure on the Hp and CO ratio
and the conversion of CHy 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 CHy increases with increasing temperature and with decreasing

pressure. ltis 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 (Ca

to Cy ), 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

o5  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
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adequate hydrogen to carbon mole ratio o% ap leSst 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 siurry suspension feed technology, originaily 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 & methane rich
gas with high conversion efficiency (measured 1o 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

o5 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 o 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 2 Fischer-Tropsch paraffin hydro-
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carbon synthesis reactor, which operates at 2006°C and 10 atmos_pheres
pressure. Process modeling reveals that the hydrogen/carbon molecular feed
ratio must be at least 2.1:1 o optimize production of chemically pure and
clean-burning [sulfur-free] diesel-iike liquid fuels and high vaiue 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
500°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

o0  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. Optimumn conditions of the HGR: Operating at 1000°C and
30atm: 2.76 mol H, per mot C in feedstock to maintain self-sustainability;
0.066 mol H,O per mol C in feedstock.
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2. Optimum conditions of the SPR: Operating at 1000°C and
30atm; 4.022 mol HaO per mol C in feedstock.
3. Fischer-Tropsch products: 0.199 ton wax per ton of feedstock;

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

Although the present invention and its advantages have been
described in detal, 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 1o
the particular embodiments of the process and apparatus described in the
specification. As one of ordinary skill in the art will readily appreciate from the
disclosure of the present invention, processes and apparatuses, presently
existing or later to be developed that perform substantially the same function
or achieve substantially the same result as the corresponding embodiments
described herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include within their scope

such processes and apparatuses.
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Power Conversion Process
Net Electricity Production 123.8
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3verall Thermodynarmic conversion Efficiency 50.7%

notes
* synthetic parafiins produced are considered to be 50% cetane and 50% wax

wax can be conventichally processed o produce cetane with 70% efficiency
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Overall Thermodynamic Conversion Efficiency
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combustion 678774 16291 CO02 produced 193144:3ih9Rw230. Bnerfieprotieivirast e heat
overal | energy ut%flnl zation 5 FTL wi thppateneédi omess abCcH: lHand &l abati c
HGR (AHGR) bbl/da %ﬂ%E;&qnw@d 753975 18095 9.0 3512 182.7 synthetic

di esel fuel 16147 436 155.1 electricity exported process ter recovered
775890 18621 excess watewx avail able 21915%26 Air suppl y\g?‘or conmbustion
456047 10945 CO2 producedtd22356 2937 69_.2 rejected wasteggbeat overall
energy utilization 24.5% 26. 2‘3)‘52%%2 g% 50. 7% 33. 9% 212.9

HX 4 (HGR) 50.2
HX 5 (SPR} 93.3
HX 6 552
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) 77.1
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 G.2
Rankine Cycie #1
HX 2 {pertion 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
Alr Compressor 64.6

Combined Cycles
Gas Cycle
Turbine 2 109.3

Sieam Cycle 2

HX G2 70.3
HX G4 56.4
Mechanical Fower 0.2 45.3
Waste Heat From Steam Cycle B1.7
input into Conversion Process
Biomass {wasle wood) input PCE  473.0

Overall Energy Balances
Total Energy 473.0 10083 655 596.5 1276.0 2662

Net Waste Heat Rejected 268.6
Net input Energy Required 0.0
Power Conversion Process
Net Electricity Production 180.6
Total Ejectricity Available for Export 180.6
38.2%

Overall Thermodynamic Convers ion Efficiency
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ig 222 g(ls 222 rSZVIBOSAI) gg ?00/(; 1%;)6111%N(2)9. 1% 67. 2% 38. 2% 48. 6% 38. 2% 36. 6% 32.8%
. . A4S . tes No additional ener or ener R
feedstock is requierd for all conversion options All rgjyect ed vvaégfeéiﬁeégg; S

gts g Egggre;gtsg(rjel PELO\(;V 4toczggd is not considered recoverable If DVE stored
ida
26. 4 Mikkg sbb&-/o@emstsbpmraw“m'"gael%iat BraRiaRg i FicdRpadds b, 00 LY

103
MN h/ t ed iomas §4: alk ;ch?-R bkl /ton .75
on . 48 WA Hiergated 3P WAL H7 €8 S gﬁ}{}(\la Jﬂcmw 85 3@nIﬁ_:b|r@te7olﬂumry of

optim zed Perfor mancc Paraet ers fq,r
CEB| omess Comwmsmnﬁ tions' W
feed rate water/ er?;ghMgeday bi omass ratio Dry waste V\oqu 83775 gg?lStOCk

HX 1 22.8 22.8
HX 2
Portion 1 49.0
Portion 2 151.1
HX 3
Portion 1 56.4
Portion 2 24.8
HX 4 23.8 23.9
HX 5 (SPR) 129.8
HX 6 32.8 32.8
HX 7 603.4 481.8
HX 8 15.9
Portion 1 of HX 2 49.0
HX & (FTR)} av.4
37.3
HX 10 17.3
HX GA1 122.0
HX G2 237
HX G3
Portion 1 18.8 18.8
Portion 2 8.0
Hydraulic Power
Liquid Pump 0.6
Turbine 1 7.3
Turbine 2 54.9
Turbine 3 2.0
Brayton Cycle
Turbine 4 20.5 20.5
Turbine S 103.5 103.5
Turbine 6 1.0 1.0
Compressor 2.8
Air Compressor 31.2
Condenser
Heat 85.8
Turbine 7& 8 0.1 23.8
W aste Heat From Steam Cycle 52.2
Chemicai Conversion Process
synthetic paraffins produced 214.8
synthetic diesel fue! produced”
Input into Ceonversion Process
Biomass {waste wood) input PCE 473.0
Overall Energy Balances
Total Energy 473.0 1106.8 34.7 214.8 11698.2 210.8
Net Waste Heat Rejected 82.2
Net Input Energy Required 0.0
Power Conversion Process
Nat Electricity Production 155.1

Total Electricity Availabie for Export
erall Thermodynamic Conversion Efficiency

notes

* gynihetic paraffins produced are considered to be 50% cetane and 50% wax
wax can be conventionally processed 1o produce cetane with 70% efficiency

29



Co i ' i :

Copie o 0 gPLI ST, 5L SR TIgReeh L, (1) wmter o veed gaseio 2
electricity ex L M tiar n

6880g8r3d4§95i23 7093 Input conditionHs:GR T deé.C Eogtﬁg agfgfsé‘ﬁgbgrdmﬁ

R A waO?O SPR1 .4 10 200 thesis reactor 1 2 syn | D imeth >0

B8l oloct)i oo e;x ed&ngeded 184387 4425 dinethyl ether produced 20%45

pr dauet i %Wwf%umm&% ed. . fRcONeERths207334hn 4986 " er useful CPE rate

ch "per day bbl/day 473.0 2231
CH4/ CO - 116.0 123.8 cq
/ 0.07 4.15 0. 2lfeedQ3te47 0.93 waQrIOB useful CPE rate percent - H20/ c H2

Feed stock kag/nr MT/day  biamass productian  MWch CPE input
ratio perday
Dry waste wood B3775 2011 473.0 100.0%
Conversion Options
1IEischer-Tropsch Liquids {FTL} bbilday nbiton
water fed used 264670 6362 3.2 MW hion
synthetic diesel fuel 41526 277 2231 118.0 24 .5% 1.11
electricity exported 123.8 26.2% 1.48
process water recovered 295523 7083
excess water available 30853 740
Ailr supply for combustion 456047 10945
co2 produced 122356 2937
rejected waste heat 187.0 39.5%
[ averall emergy utilization 50.7%
2{Dimethyl ether {DME} bbliday # bbifion
. water fed needed 184387 4425 2.2 MW h/ton
dimethyl ether produced 20045 481 4530 160.8 33.9% 2.25
electricity exported 110.3 23.3% 1.32
process water recovered 207334 4576
excess water produced 22947 551
© Air supply for combustion 410738 8a58
CO2 produced 119899 2878
rejected waste heat 171.5 36.3%
1 Gverall epergy utilization 57.3%
s[Baseous Hydrogen (GH2) cu m/day+ cu m/on
water fed needed 184387 4425 2.2 MW hiton
gaseous hydrogen {GH2) 5618 135 1889 221.4 46.8% .94
electricity exporied 96.4 20.4% 1.15
water produced 180601 4334
excess water produced -3788 -91
Air supply for combustion 4728682 10312
cO2 produced 156173 3788
rejected wasie heat 137.7 29.1%
l__ I overall energy ufilization 67.2%
4FAl Electric Power (AEP) MWehigay MW hiton
water fed needed 260393 6249 3.1
electricity exporied 4335 180.8 38.2% 216
water produced 341110 74867
excess water produced 50747 1217
Air supply for combustion B7BTT4 16291
c0O2 produced 158144 3795
rejected waste heat 230.0 48.5%
| I overall energy utilization 38.2%
5IFTL with water-bicmass at 9:1 and adaiapatic HGR (AHGR] bbliday bbifton
water fed used 753975 18095 9.0 ’ MW h/ton
synthetic diesel fuel 18147 436 3512 182.7 38.6% 1.75
electricity exported 1551 32.8% 1.85
process water recovered 775880 18621
excess water avaiiable 21945 526
Air supply for combustion 456047 10845
cOz2 produced 122356 2937
rejected waste heat 52.2 13.2%
r overall epergy utilizafian 71.4%
revision 10/12101
Notes

No additional energy or energatic teedstock is requierd for all conversion oplions
All rejected waste heatis ata temperature below 40C and is not considered recoverabie
# DME stored &8s & compressed liguid at 200, 5.1 atm. pressure, density 6568 g/l and LHV 28.4 Mikg
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gegcgpgcegE\/\;npﬁz 100. 0% 24.5% 26.2% 50-751 overall energy utilization
3- 187007 e R O 0/C COH2 Input conditions: T deo.C P atm H2/.C;L000..30
reactor overal | e'ngggylt(j?iol isgatz: on :2))962 SPR 058 260 70 L2 synt hﬁeééﬂj% “
i on seous Hydrogen (GH2 ‘
hCoad 10U 1a o ghov iy Srogem (o) LS IS DA EELT C1 1y export o 1
aep2.2w Input conditi :
3.48 HGR 1000 3030 2 47 SRR 1 : Lons: T deg CPatm I2/C
fesd 000 | ot/ dayet 4539=F66. 6 1103 TH4/ CO

Feed stock kgfhr MT/day biomass production
ratio per day
Dry waste wood B3775 2011 473.0 100.0%
Conversion Options
1[Fischer-Tropsch Liguids (FTL} bbliday
water fed used 264870 6352 3.2
synthetic diesel fuel 11526 277 2231 116.0 24 .5%
electricity exported 123.8 26.2%
process water recovered 295523 7083
input condilions: T deg.C P atm. H2/C H20/C CQaOiH2 CH4/CO
HGR 4000 30 3.48 G.07
SPR 1000 30 2.47 4.15 0.21 0.93
synthesis reacior 200 10 1.4 0.47 .03
I overali energy utilization 50.7%
2[Dimethy! ether (DME) hbliday #
water fed needed 184387 4425 22
dimethyl ether produced 20045 481 4530 160.6 33.9%
electricity exporied 110.3 23.3%
process water recoverad 207334 4576
input conditions: T deg.C P atm, H2/C HZ20/C CCkz2 CH4/CO
HGR 1000 30 3.48 4.07
SPR 1000 3o 2.47 2.91 £.2+% 0.83
synthesis reaclor 260 70 1.2 0.58 0.05
i overall energy utilization 57.3%
1{Gaseous Hydrogen {GH2} cu miday+
water fed needed 184387 4425 2.2
gaseous hydrogen {(GH2) 5618 135 1899 221.4 46.8%
electricity exporied 96.4 20.4%
water produced 180601 4334
input conditions: T deg.C P atm. H2/C H20/C CO/mH2 CH4/CO
HGR 1000 ae 3.48 .07
SPR 1009 30 2.47 2.91 0.21 0.93
| overall energy utiization 67.2%
a[All Electric Power (AEP) MW ehiday
waler fed needed 260383 6249 3
electricity exported 4335 180.6 38.2%
water proguced 311110 7467
input conditions: T deg.C P aim. H2/C H20/C CO/MH2 CH4/CO
HGR 1000 30 3.48 0.07
SPR 1000 30 2.47 4.15 0.21 0.83
{ overall energy utilization 3B.2%
5[FTL with water:biomass at 9:1 and adiabatic HGR {AHGR) bblday
water fed used 753975 18085 9.0
synthetic diesel fuel 18447 436 3512 182.7 38.6%
glectricity exporied i55.1 32.8%
process waler recovered 775880 18621
input conditions: T deg.C P atm. H2iC HZ0/C CO/HZ CHA/CO
adiabatic HGR 738 30 1.67 0.43
5PR 900 30 .84 3.08 0.18 AT
synthesis reactor 200 10 1.38 0.47 0.17
| | overall energy utilization 74.4%
revision 101912001
Notes

No additional energy or energelic feedstack is requierd for all conversion options
Al rejected waste healis ata temperature below 40C and is not considered recoverahle
# DME stored as a compressed liquid at 20C, 5.1 atm . pressure, densily 668 gl and LRV 28.4 Ml/kg
1 bbl of compressed liguid DOME has a mass of 106.2 kg and LHV CPE of 3.02 GJ
+ Cubic meters of liquified hydrogen {al 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 simulalion data as of 10/1/2001
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cu mday+ 1899 221.4 96.4 720/ C CO H2
: : CH4/ CO O. 07 2.91 O.

Elgegft%; S7. ?IS% 46. 8% 20.4% 67-2% overall energy utilization Mleegi ?13 33{: 2;)/(;
B ortleg ?ﬁﬁr (AEP) water fed needed26039362493. 14335180. 6 el ect!?i}léjii’;"ti' 2500
ongi reed 10%8:;361?—!3/ (():70 gelr_igrQolggged I npwa T deg. CP at m H2/ CH20/ CCO/ %2 ut

di t S: .48 0. 302.474.150. 210. 93 PR SI
utilization 5 FTL with water bi omass : i ' S T ey

at 9:1 and adi abatic HGR

fed used 753975 18095 9.0 synthetic diesel fuel 18147 436 el eg?rHiG(?i)tywater

expo 1
ported 861 ) 8 bbllday 3512 182.7 155.1 38.2%

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 steani 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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38.2% 38.6% 32.8% . process water recovered 775 Input conditions: T deg.C
Patm H2/C H2O C CO H2 CH4/ GO adiabatic HGR 738 30 1.67 0.43,SPR;900,30
0.84 3.08 0. 200 10 1.38 0.47 0.17 synthesis reactor 18 4.47 71" 405~
overall energy utilization revision Notes No additional energy or energetic
feedstock is reouierd for all conversion options All rejected waste heat is
at a tenperature bel ow 40C and is not considered recoverable # DM 1 bbl of
conpressed |liquids DME has a mass of 106.2 kg and LHV CPE of 668 3012 Gnd

LHV 28. 4 W/kgtrﬁ'o%rﬁ; pretealrs. of liquified hydrogen (at 20 deg K) per day
at | atm pressure Approximately 3.7 M/ kg is needed to cool and liquify
hydr ogen having an HHV of 144 Ml/ kg All thernochem cal and thernodynam c

simul ation data as-of 10/1[200%; QRictOe:a 04 H R rRdtetinkiscl ai ns What
is clainmed is® 1. ﬁr%'(%% S&Q(%aﬁ gmci }lg a synthesis gas for use as a

gaseous fuel fof eraétﬁeeﬁgdrbrgasiﬁaasioheeamoops@rsimr@a@f parbosaptYfuce a 1iquid
fuel, the 5 inprovenent conprising: feeding carbonaceous material,

hydr ogen' f r ompantidles erwaler. source, and water, .into a hydro-gasification
reactor under conditions whereby nethane rich producer gases are
generated; feeding the nethane rich producer gases _fromthe hydro 10

gasi fication rgact ofhd pioeess sf elaim pyinothich saidefinis oFREd LY GRS ons
wher eby synthesis gas conpri si ngr.agé)dro%?n and carbon nonoxi de are

gener at ed; f eesithga®opacershmGeHhd Witii'ogen generated by the steam

pyrolytic reformer into the hydro-gasification reactor as said hydrogen 15

froman internal source; and either utilizing said ?ynt hesi s gdas generated
by thg steam 7, The process of claim 5 in which said slurry of carbonaceo

material is heated with superheated steam from a steam generator

prior to being fed info 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 o 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 & Fischer-Tropsch reactor under

25 conditions whereby a liquid fuel is produced.

41.  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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pyrolytic reformer for process heat or as fuel for an engine to produce
electricity, or feeding said synthesis gas into the Fischer-Trop$ch i 9006
reactor under conditions whereby a liquid fuel is produced. 20 2. The™ ™"
process of claim1 wherein said portion of the hydrogen generated by the
steam pyrolytic reforner is obtained through a hydrogen purification
filter. 25 3. The process of claim1l wherein said conditions and the
relative anounts of said carbonaceous material, hydrogen and water in the
hydr o- gasi fi cati on reactor e ch I | cer gases
are produced ES&HYSPHIE ?;bc% Oﬁ%%ﬁ}@%%?é%@g%gf@]?pg?%%érﬁ%y\i’m% t he

condi ti ons wh m{er nmet hane rich producer gases are generated include a
super 32 atnospheric pressure. 5. The process of claiml| in which the
carbonaceous material is fed into the hydro-gasification reactor as a
slurry of carbonaceous 5 partjcl.es,in ) I aim5 in
whi ch said sl dfry iTEGf%Pﬁ%f’ (Efﬁ@fm ?11(11icﬂg%hgfgpc}pacng’}%grqggggﬁﬁnnﬁEa;%tal in
water, 10 7. %Eﬁ - Psifcf &tor v Elchei-Traiseh ryacibr wethiBonaceous
mat erT;‘ al is hg@&eg{ewit ésﬁglefr&hgrgﬂ%a steam from a sc?jeam generator prior to
bei ng fed int gtddme gbydratonasd fHecsieranpyrelytie 61018S"-The process of claim 7 in
whi ch the superheated steamis 15 separated fromthe slurry, prior to
feeding the slurry into the hydro gasification reactor, and is fed into the
steam pyrol yti,g r ehQLBn & bEASH 1Biit Whidhempitémaalt lodpsharprus¢dder gases
fromthe hydro-gasification reactor. 20 9. The process of claim7 in which
the slurry, togehersaw ekothaamicsiigér heated steam is fed into the
hydr o- gasi fication reactor. 10. The process of claim9 in which synthesis
gas @@nerated by the steampyrolytic reforner is fed into a

Fi scher - Tr opsciy 1 eage05rodBEebf cldfn aanditicrossidwaenainceaus inafedalf uel i s
produced. 30 11. The process of claim 10 wherein said conditions and the
rel ati ve anounnsprisestyomegen and car bon nonoxi de in the Fischer-Tropsch
reactor are such that said liquid fuel is produced exothermally. 12. The
process of claim 1l conprising transferring exothermc heat fromone or
both of the hygs o- oawl piceats eNclakaciEan atich Said dfiemass opREHSEs reactor to
one or both of the steam generator and the steam pyrolytic reformer. 13.
The pBocess ofmuohigipal $Qlicwapts. sing transferring exot herm c heat

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 whéreby methane rich producer gases are generated
exothermally under super-atmospheric pressure;
feeding the methane rich producer gases from the hydro-
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5 fromthe hydro-gasification reactor and Fi scher-Tropsch reactor to the
steam generator and the steam pyrolytic refornmer. 14. The procea§?og cl ai.m
13 in which nolten salt |oops are used to transfer said exotherhﬁc‘%%afﬁﬁ
10 15. The process of claim11l in which said carbonaceous materi al

conprises biomass. 16. The process of claim15 in which said bi omass
conprises 15 nunicipal solid waste. 17. The process of claim 10 in which
the rel ative amounts of hydrogen and carbon nonoxj de in-the %ﬁaﬁhesis gas

fed into the Bh§Ad@onTeaps mdesit supaheatadcstea MaN& 8isEam fYTAY Uel i s
substantially 20 cetane. 18. A substantia - - Hall Rigegess for
producing a i qubdneumderfqoaﬁlit@éﬁb@?%@@%8¥‘1‘$é3‘§?dg§o‘§r¥}p@§éﬂﬁ%ﬁggr ig%di ng said
car bonaceous materjal | Jnepatadsl urry of 25 carbonaceous
particles; hea?ﬁﬁ&q%OJ &0\3@%@%@@ guper heated steam froma steam
generator; feeding hysnagamdrianobins hdspgen ekt Y e $FEMty, and the
superheated steaminto _a hydro-gasjficati | g impd 30
under Bondi ti omyrakpisr efrmast AR 6?4 @ﬁoﬁ%gﬁgéﬁbgggﬁé@fgrﬁﬁener<'[;1t e_g1

exot hermal |y under supers Rhgkics, tAEesarTgen theesfrorg cohetitntegaaid ri ch

pr oducer gases%‘?hﬁ?ﬁt&h@%@éroﬁm i.. gag}i?fai c%ti on reactor and said

super heat ed st d remsrelatepar sdWeec ref ormer under conditions whereby

synt hesi s gas conpri sing drogen . an : i gemes at ed,;
feeding a portion offee}ad %F @Wdﬁéﬂﬂv‘%tagé@%y@ﬁ%g?gg@%d p?/r ol ytic

ref ornmer, obtai t r eaehertistidreBrbpech frebcter Unfi@it o t he
hydr o- gasi fi catﬁ%%nr@g@@fé?méhydro en therefrom consﬁi_t utdi ng said
hydroggn from agoriditoes vetersby pdisiid BelisiyorHeeq 8XaNHER 6 he synt hesi s
gas generated by the steam pyr i [ -Hhafichiteeheacibropsch
reactor under 10 c&Fﬂﬂsﬁ?rﬁ'Hg %ﬁglf%%&gé%{ﬁ%ﬁﬁ?bg?ﬂi ggﬁroduced

exot hermal | y; rsERGST RIstRgesetot trethel stedreagenforalior Bnd thg 898NYasi fi cat i on
reactor and Fischer-Tropsch reactor to the steam ﬁqne{%ﬁ/%%ifﬁnd the steam
pyrol ytic ref ormoty’timﬂ@‘ﬂéb?ﬂé@&iebvéé‘@s%ropgs%ﬁbsé‘fbg T4 yosel f- sust ai ni ng.
15 19. The proces§ of claim18 in which nolten salt | oops are used to
transfer said eX6tHBI% ¢ heat.

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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20. The process of claim 18 in which said carbonaceous material 20
conprises biomass. 21. The process of claim 18 in which said bionass

conprises nmunicipal solid waste. 25 22. Apparatus for producing a JUL 200
synthesis gas for use as a gaseous fuel or as feed into Fischer-Tropsch
reactor to produce a liquid fuel, conprising: a source of carbonaceous

material and water; a hydro-gasification reactor; and 30 a steam pyrolytic
ref ormer; piping connecting said source of carbonaceous_.material and water

to the hydro-gasifi.cation f ook @edhaaparddrackousn@dxiig eri al  and
wat er theret ogﬂ%eﬁﬁr?é\da“?’%tegreﬂﬁgﬁgoa g car bon nonoxi de;[qg%idﬁ[ﬁ%% connecti ng

the hydro-gasifi capifmy ESaRdaingtine hisdrosgasifitglipndeeire for feeding
nmet hane rich producer gases generate

d. in the - LfdGatdteq reactor to
the steam pyr @lyydliiic reésrorarder s dnagBREIARIE LIV gé‘%}sg gag dé%rrpri si ng

hydr ogen and carbo noxi.de;. i tRE RE: A Hyesytiongfdrieerse eam pyrol ytic
reformer to tHfémﬁ/gY‘%B'ijéglcﬁﬂgé??%ﬁgrr eactor for feeding a

I_E)g(ratei_on of the
hydrogen generaf.ed;iay nmé@iss%@@mmpﬂsihgmdrqg@man%cﬁafb%Bﬂq 1ae,
hydr o=gasi fi cation regct or. 23. The apparatus of claim22 including a
hydr ogen purifargation filter through which said portion of hydrogen

generated by the steam | o’ SESRFol/ B pifbmherad tha Bydw:- The
apparatus of cl ai m@a*“ﬂﬁ@%hgﬁﬁ @egﬁ%ndeﬁ[fﬁm ng particles . of. the

car bonaceous nRi&kiAbn réadteckptiasdieg Baportitie obte heregeng@nsiEis= ®Y to form a
slurry of the Tarbonaceous particles n (o] MaTo P2 . the receptacle
to the hydr o- ghsidteamtiyerlyiceipwreriBlo ﬁsgﬁﬂh‘gggg@ggw&?@% thereto. 20 25.
The apparatus of claim 24 including a steam generator to heat the slurry

of cdfbonaceous material with superheated steam a steam..%ﬁﬁgrfﬁ%epr for
separ at i ng th62§_upeTh@anﬁrasmsafmlﬁmﬁ?m@U@ﬂgrar@Ndé?ged}p‘t"?)ﬁc sturry bei ng

separ at ed ot eatongiowiiva SbaRsraTyEreT BRI P The

separ at ed st eathrd Y or ner react w e

met hane rich prod gze%qﬁ%§é§5&g]ﬁéae hydro-gasification reactor. 26. The
Includi

appar at us of cP¥j ng a steamgenerator to heat 30 the slurry of
carbonaceous material wth superheated steam whereby the slurry and

Super1h5e ated ot %im Cgr?le%epp];?agcuis% 81a§nt1] &N A0ArYes blihddtibaningarticles

of the carbonaceous material, & 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 _
o5, The apparatus of claim 24 including a steam generator 10 heat

the siurry of carbonaceous material with superheated steam, a steam

separator for separating the superheated stee_lm 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 {0 react

with the methane rich producer gases from the hydro-gasification

reactor.

26. The apparatus of claim 24 including a steam generator t0 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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reactor. 27. The apparatus of claim 26 including a Fischer-TroPsgh, reactor
and pi pi ng connecting the steam pyrolytic reformer to the Fischef &vBlog&h
reactor for feeding the renmai nder of the synthesis gas generated by the
steam pyrolytic reforner into the Fischer-Tropsch reactor to produce a
liquid fuel. 28. The apparatus of claim 27 including nolten salt |oops to
transfer 10 heat fromone or both of the hydro-gasification reactor and

Fi scher Tropsch reactor to one or both of the steam generator and the steam
pyrol ytic refornﬁgr 29. The apparatus of claim 27 including nolten salt

| oops to tran$t%r- 15 heat fromthe hydr o- gasi fi cation reactor and

Fi scher-Tropsch reactor to the steam generator and the steam pyrolytic

reformer. 30. Apparatus for ngrﬁfg%ﬁhg% [gailugw éipfslé%,-_irfb@caubatt@nti ally

sel f- sustainkAg prheapparg our ce ‘gtf tgagFldoo%aceous nat eri al
and water; a YR I d i 108 steantmrolyic safeameipriog yis@Sfef orner; a
hydr ogen puri PMg{l@Bg%?H‘%%ﬁd a Fi scher;l_gqop?%h rergﬁt {_:’ 3 5 a grinder
formigg parti gressafrenbier arfoedagdbe sematnas & NSy %% 88Fe for the
particles and water to forma sl urpu. iSRrtheraadeuI rppsdi cl es; a

st eam gener at GENEEAIABRY t‘f‘%g}eﬁnﬁpyilo“ﬁir?ﬁjegrpfe\;a{te the carbon by pyrolysis

wi t h super hea &?ﬁﬂodﬁ@e@ii unpfuednnecti ng the steam separator to the
hydr o- gasi fi Cg%?%tﬁf' r'eact or fgir feeding the slurry and superheated steam

thereto to generate nethane and carbon nonoxi de; 37 piping connecting the

hydr o- gasi fi cati on reactor : LRIR® eies Jaitflespeto fransfeeedi ng
nmet hane rich pﬂ*?bduc - Mé{ugeﬁg}?%ﬁ%?mcn t héé) hydr o- gasi fi,cﬁ:glt%i on reactor to

t he jheam PYT 9l dtinonk BROLRBBIH 6f therydrergapificatyi Baghy FWpPFTg hydr ogen

and rbon nonoxi de; 5 piping connecti the s r.ol vt LGreghornmer to
t he hydro- gasTiropsalt raavtwretécqr@roft@ﬁtg@éﬂgﬁ ﬁ@aﬂ}égﬁég})gEpraﬁlﬁtribgsati on filter

for feeding a poft.io ydrogen generated by the steam pyrolytic
reformer into F?WQM'W%P%SQQ fication reactor; and piping connecting the
steam pyrolytic reforner to the Fischer- 10 Tropsch reactor for feeding the

remai nder of the synthesis gas enerat.ed by t & Qb Yianefaref or mer
into the Fischa$- Trﬁb%éﬁpa'iag’éiﬁ)‘%ambgr' ﬁﬂgégarﬁﬁfeat?%@oggl. 31. The

apparat us of c| ai ' . esifi@itioRneasior dnddpsctes-Tropsalf gactargoheat from
one o both of ?ﬂ@cﬁﬁéfr}%ﬁggsi%cati on reactor  and Fischer
the steam generator and the steam pyrolytic retormer.

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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'Fl)'r ?gfcthl reac]Eor to one or both of the steam generator and the steam
| go syt oCt re o][ mer. 32. The apparatus of claim 30 including ol téndsHlit 7068
oop ransfer 20 heat fromthe hydro-gasification reactor and -

Fi scher-Tropsch reactor to
Ceformer . 38 t he steam generator and the steam pyrol ytic

piping connecting the hydro-gasification reactor 1o the steam
pyrolytic reformer for feeding methane rich producer gases generated
in the hydro-gasification reactor to the steam pyrolytic reformer to form
a synthesis gas comprising hydrogen and carbon monoxide;

5 ° piping connecting the steam pyrolytic reformer to the hydro-
gasification reactor through the hydrogen purification filter for feeding a
portion of hydrogen generated by the steam pyrolytic reformer into the
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 pyroiytic reformer.
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