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SYSTEMS; METHODS, AND COVPQSI TI ONS FOR PRODUCTI ON OF
SYNTHETI C HYDROCARBON COVPOUNDS RELATED US APPLI CATI ON
WOATR/099578 appl ication clainms the benefit of UpSI/US2006/009710

PrOV|S|onaIJA%%£%cat|on No. 60/661,923. filed 16 March
2005, and SYSTEMSMETHONS, AN CONPORINONSIPB78, 174
filed #i% ?‘i’@ﬁ OR3P NTHEM BYDRTARBONCOMIRIUNDS
herein by reference. FIELD OF THE | NVENTI ON Thi s
invention relates generally to the field of

]ﬂﬁyq&ﬁféggﬁﬁLﬁggﬁgﬂpg ARoduction and, nore

specifica to energy efficient processes and
Sys Eblﬁapmlhamongﬂa)ma e bayadit of Hrh BrovistmpbAiprlichticel Mo. 6pie6H923, filed

16 F%/Ia“?r ?&d ag A II@E\?%M&& ?%p VISR OQP/%%% MLAhS ﬁgy 2005 each of

appar a conver ric energy intd
“meduﬁnmmb@mwdbﬂpmundemmmﬁs, such as gasoli ne,

kerosene, jet fuel and diesel fuel, anong others, and

whi ch are produced by recycling products of conbustion
FIELID @FOIHE iNVENTEONNd wat er . BACKGROUND COF THE

I NV ILON Alth h th |de f.or ng synt het .
TS BT S Beht iR el B GropBh O AT biofgetion and,
mdr@ Spedfca9ANS , enbi@r EfibidSt PAIceREL ARG @aelds t thatp pdike hydrocarbon

co%xgtg}r?)g%gglia gﬁlﬁldgg el%«%ﬁix%}ogl | ab:tl ! tn nt1glg§?iart1>s tpaé Iggp%gtlllsoarr]ld a method
to EEMBN Blectrit BerpP kO e afbos Sbllnpcfdﬂﬁ lrudlB EkBtas igBsolihd ReloBhe, jet fuel
due to a nunber of factors, |nclud|ng steag

andl fiesd 45Lorgoansratheis dBd Bhich gie pradusd by .r?fafﬂé%sﬁrﬂ%ms of combustion —

cafbBRERR1IE 3hd PReOf production in oil producing regions,
and i ncreasing enphasis in oil dependant countries on

the inportance of energy supply. There are severa

4§&§éﬂé@@hﬁgﬁﬁ}ﬁﬁﬂﬁﬁnﬁﬁ ohossi| fuels. First, there is a
i

nite anount of fossil fuels avail able which, once
usedtheeghribe idoe foralgesiening suithefiel iy drpesnizn| fyels hysdyege dispussed for at

leasé'I %%as[[@g ?reefr g‘ﬂ%sﬁét bfeélnell ﬁeéﬁa% c})‘f@d?l‘i:@'tﬂléﬂ%&m% of ttg availability,

es ra trogen, aromati c conpou
eaWué lprctdh@m, tframpcstaame abdlpnwemlng gf fosxil, fuels.t Hogever, tgrorldwide fossil

fu«? a1l1gatr ulls ha e%l c@e & Ia %?n%gr OPI‘ gtog] ?nc‘fﬂ% Q/‘}@e{dﬁg Alc??agﬁxg worldwide

acid rarn an
energn dammdh asrehongicmdentmtidthel pmtpmcbn mfo1blaodhmmgdbgmmsd end increasing
e 'ssiogs fr n1fos on as a.contri butor

eniBasis oo e s St op 2 GO RR R PSR e hb ! | oned
pr Ogﬁa‘o‘%ﬁe feRsraldisRiOhntipesl togenaidsanfuels. FasSe shesalshn fisite amount of
car.bon Xi de. or carhon digxide to ce
foaﬁﬁé&w@%ﬁvgﬁgﬁe Wﬂ@bsoncws o e ggﬁlfla?a%gydmafbm fuels
mdiieVEb@Pp estsil Fudler @ eohtAint h@hwaﬁ&si@m&r@rmr Fiig64¥al aadddaromatic

Hans Tropsch. I n 1938, earl¥ German pl ants roduc .
CO%’]BB‘NSI)?I Jérﬂ&g:s%fuﬁ]rs e Qgﬁneg fg{ gmag?n )%(gpargq ates are released into the

air, which leads to the formation of acid rain and smog. More recently, concern has focused on
the impact of carbon dioxide emissions from fossil fuel combustion as a contributor to global
warming.

There are several well-established processes for direct hydrogenation of gases such as
carbon monoxide or carbon dioxide to produce hydrocarbon fuels. One of the most successful
was developed in Germany in the 1920s by Franz Fischer and Hans Tropsch.

In 1938, early German plants produced approximately 5 million barrels per year of

diesel oil and gasoline using the Fischer-Tropsch process, which reacts carbon monoxide and
1
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di esel oil and gasoline using the Fischer-Tropsch
process, which reacts carbon nonoxi de andHydKgerf ove
WO 2@b@d9syst ' t o produce |iquid hydrocarbons andPMHUsnmwmw7m

The problemw th this and other nethods is t hey.
h'y@ggér\c YERT FatilfY | Pxodugs lggudclalg]:ocerlbo%ngrvg]terg dé&e pg)blem with this and

om%{ %Hﬁﬁs §sht%atctﬁ53b A% f@i@ﬂ%&ﬂ Quchl REcdab Br RituBHEL &)qﬁ&dce the carbon
fuel s as r|nari feedstock is acconpanred by ma

mcmmﬂheTlseatwe ij Fushvbeseik Buckpas ﬁlmrma@dt@é@ﬁt@ﬁ ipgccpppayngd by I%any of the
saﬂ[ly&!a@b&% Bs @s leoaﬂa&oﬁ oP HRAL ﬂﬁel@@&h%@‘ﬁﬁﬁé Bly am %ﬁs&leﬁse

can be see erel1s a ong need for a
pr odberefioren itsgent kensach dhat rtbary dd eslonga’@ltpwgdj fiert % pesfduction system that

recgglgg {'fl%tﬂrgd’ﬂlcﬂs rgf %onggtgs'ﬁ&‘f ‘ﬂ{t@ Rgdr;;&%gq%glﬁgﬁ{ﬁﬂ E:lsI b & %0 §@h a system

stem an rocesse rocar on
ang¢ qmqmaasasj sfoxt imakmg hwdmpﬁbemtcompmmds itlow th@ pmsmtanvdnyon is primarily
'Qﬁ 6%K%Q energy efficiency. SUVWARY
(‘&8ehit i nvention conpri ses

systens nethods and conpositions for the production

SLﬁ&Mﬁ%@é&Ehﬁﬁ%@ﬁ@%ﬁﬁgéPon conpounds, particularly

that can be used as fuels. In
gengh@presehp B&b@fon ComeAsdd @ystemi gRthod€ afdoampaBirens fdL£the production
car bon d|0X|de are conver.t ed |nto one or

of RYHRIE ¥ HEFRRBhAERAYRTS. BBHBHATY] NGracaia) RomapiRPn g e l@ b used a5

fudld) CinUth &1, BptcieB Of cdrbdl §:88bs! Qusbnascloxidd @k carBés @lbokide,, are converted
jet fuels, quefi ed petroleunlgas or cqonpounds  f ound
intp iyt PR hy&%fgarbsap PAAPRUEE: SPTPH GRre S WA Ty degen, including but not

lindiR0 0 Hilsel Mel, %as%hﬁ&ﬁét ifgdld, Yiqueield ?&fd?&@d 'gz§t 6r%ﬂﬂpo@}ﬁl§i fduAd in natural
the presence of at |east a portion of dr ogen
ga§. r4p pRigEah PIOERsy SAMBTises ApRming ity elpﬁgm&w al lbyégqgela stream, and in the
predOidei @9 RhstbRrEA HRe FRBOEH ForP RSB0 gbD st?eaﬁlaﬁmgrtmg at least a
monoxi de stream into a hydrocarbon coipound
popioaf ofr the dadeh oeineside mfserthia & gabeimniginpxide %%ﬁnbdnto a hydrocarbon
Cogggg{de i nput, the anmount of input electric energy
ed to convert carbon dioxide into high heating
val lrea gfeferrdpembddindmo oé tisosysemnpitiuaderboo dinxédel ipput, the amount of

i e n.. A I
1np 3 e:lx%}/nc g’ne&@y geed«g;{] g%,gglgveg %ﬁ@@og]f dltg}iglee g{/l]tgt %%&ﬁs%t&gavalue of output
hydmchbasn cmnpmnd:becqnﬂqusuon(etnhrgs il arange oh getwmm héedd tid. In another
arb de to ca

P Ao BB o Sl R BB e E kel (s peine the eed t
coﬂ‘niﬂtoofdrlﬁiﬁl disxibe tovegbor) nododds), (he Shtepdal tehaetrihldjlhrgbleﬁédeﬂgo convert

g’g‘PQ?P&H{gy fr 8%?7%318 :Bélo R;%pdo %I%\%e ﬂ{ Th a itig% ?\%81,? of hydrocarbon

coﬂlp@mi_dd.e TASt BNinl APethbodise oeltmplemt ﬁﬂeﬁtgm atrlgl caﬁﬁ‘m d10x1de as an
reqU|red t han the hl% heatlgg val ue of conbu t

IR APECFERIC CBTBO IR ° Tratre Righ pRumee Rebustion of
hy@focdrBéh B6BSRMls biOaedd O, ardfen @nbadiRent Bpfh@z}lr&@ntaﬁw@fﬂmn using
i nput, less electric energy will _be required than

carhop RoR@sifls #mvEpidesrleebivsagey ol by reﬁ%ﬁdd tBphigh heating value of

coﬁl‘BHRfBH%ﬁﬁyc@&c‘&%ﬁ%gmp&ﬁﬁ%ﬂéﬂﬁlﬂdt o an aspect of the
present invention, i's possible to produce within

one Askafing éhan #5peC pﬂ@ﬁ pespent inyentipnnid isegssittle tpsppdice within one plant
onggéf‘ %ﬂ@?ofoﬂvefﬁﬁﬁhre@ %ougﬁbﬂ gaﬁ&nsq}f%ﬁkl '59{ &y, blne\feﬁ%?ore in case sufficient

I cl ent
electric energy, carbon monoxide and/or carbon dioxide are available.

One aspect of the invention comprises systems and methods comprising an electrolyser

and a Fisher-Tropsch reactor, and in some embodiments, also a reverse water gas shift reactor,
2
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el ectric energy, carbon nonoxi de and/or carbon di oxide
are avail able. One aspect of the invention conprises
way@bems7and nmet hods conprising an el ectrol ysePCHIS2086/009710

Fi sher-Tropsch reactor, and in sone enbodi nents, also
Torgprouig i Jigdipgdrei Qﬁﬁ@c’%ﬁsf tihe SEESH FHVFB?OIWOF{B“P%&ThﬁhW and systems

foragrodu%u@ RrafdcSBR e&ﬁpémdéf E’&nﬂi‘fsﬁﬁé%ﬁvérﬂﬁ’g‘e&t 16430 2 GBI o3 B%e of the
and systens for produci ng hydrocarbon

smmpzfmd@nc@m iiB¢luding bak aet: limiedato fcathen @nﬁ@ﬁ?’l iHip Bydrocarbon
f I
cox‘lﬂpcﬁ]m?.t,é J‘ia{%ﬁgg}%g gﬁ;%rsrc% orgt%gpﬁrl ?wge%;e lr)f(;‘%taléﬁbﬂ DForB4 of WL hydrogen
streonpod hessfeving ableRst spationTefogxsess hpatdccglg ¢hej lﬁsqhh]eTropsch process to
onep F ﬁ}%n&ﬁer pfroc%gs étgp%sk tﬁle H}%{htoh %‘P ?Jtel‘}l ht% ;Pé(grﬁgrg ‘8P %ﬁert}?o%ln&r system
ransferring xcess heat
rethrmm dnhlgyForsmi&e)f-tﬂ’af otbe;tctmqs (53 desss/stbm, fmexmﬁplb,hte aptdigstrolyser or a
rmp&oca%§ §h§3§ean the method or system to a portion of
ER T (L] $@m requiring energy, or one of the
ot har thenpiesent rinteheors ythére mare frmmesxanidoes vilereanertain gases must be
el ec .oI ser or a reverse water gas shift reacto
SRR Bt FIRPSHIT O X UTR con PR R PO RoE e s,
musebd aﬂldﬁggﬁﬁaeﬁxalfw&{e &ebc&le panhpdt®E: it ah alpg:ﬁb‘ém%r)@dw’r@treaﬁf process.
for exanp arameters such as tenperature a

Tlﬁqeég%z}t@ns n@é ?Cbg?é?fglé ahet 1BV%R%C%yém% r@&n}punts ort] energy. Itisa

nofd Bt bt Be WhleRtiGN PSS Ve EHRAVREE] @AMNPhO GHSHtion to meet the
These separatlons or changes to gases in the invention

enerenawRior gRyEPuRtA Al dREFergy. It is a novel aspect
of DhE adANERE bOMe bR&Int BREAEN i€ BN eREey Srabieh i@l BBl There are
the invention to neet the energy needs for gas
gercallyr taoicaprgy affivicahthegeoslynanie PERsoPR tgé fasfeat ecqsFiag.e e first one
is érﬂé’cﬁeﬁ)tah@ grobech 'v&thgn QI'P @}[tgﬁflale\fv&k% %ﬁt\/eﬁsto Rk %ﬁqsgcak @Hergy The second
ere are generally two energy efficient thernodynam c
onp isoveigbermad prbctsr Wg%ts alp pid@l@slsw% is Fhker foopwprted o jhgatzgy derived
fro?rphépa (}ec?/«[: ééermq %r hllrougﬁtaﬁr {nc\c’i\p&lﬁnbuctloﬁqﬂlg Ghd ﬁ t through
on1ga energ econ one 1S an 1sother
se\ptrzd d:eesshsmmam Huhds, mctwrlwad:s iwgrkprosessing e sulssomtiait lediuced This is
alsh asskstei ag‘f}g {%)f d arselz %:/c?n% {s{ogla w%»lﬁé?gr %d{ ﬁgt%&{ 41%1gb1§fr§)é%ﬁgsa{o accept or
cmhhxhu@hmsgweral heat distribution |ines, energy |osses

ocessing are. subs d ISy
LS B R0 B BT S T o o
a Vakigiyds liydrdes®bn dorgpdunbis)tsucinad ¢conguhds fae diffeiend IfuedkEhﬂdee Hegree of

conl roF G OB P BEB% TG PR VP OB BB TG B 3 7o found vt

cuf*féﬁtly&iv}illébﬁe RAYUb6QCRF BARING QPRBAHR(Sels.S ThEkeand GEHEP obiBElS features and
for different fuels and a degree of control in

adymigat Phiicomeseal inygitien ‘blélct?ef?fee {3Ppe SPRIFCT RPD Ef g fhe following

spdcitflafiont Habnjuficddf twifh A sbc¥hpdhymydlifg8RE y avail abl e
nmet hods for maki ng synthetic fuels. These and ot her

obj ects, features and advantages of the present

BRI@F@ESC%IPWdNOP%ﬁJ‘BRKWIﬁG%OPaV ent upon reading the
Il ow ng specification in conjunction wth the

accEng‘ailnﬂl igstfatey eenezal, BEY-ErelDESORE PF IteNpeFent frention, according to
pr%\éyémmments

Figs. 5-6 illustrate preferred embodiments of the present invention, incorporating the
systems of Figs. 1-4.

Fig. 7 shows various configurations of energy distribution lines of the present invention.
3
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Figs. 1-4 illustrate general, high-level systens of
the present invention, according to preferred
wepwonpasent s. Figs. 5-6 illustrate preferred PCT/US2006/009710
enbodi ments of the present invention, incorporating )
t het'igy ${SBAES B PGy Of Ppesatian; of an RWHS\eaces Sppsgembly according to a
pr&&ﬁd'e%ﬂoéi‘rdeﬁf‘c?f,t&éprﬁéglﬁ{igye;p@slbﬁt ribution |ines of the

present invention. g ShOAS" a principal "of .
opeFig 9dHussntca n RpEsageeRMBY reagipragidie pashon dierige srcgjingoaccording

to gplgreﬁlfe%ﬁlggdiﬁggqgh e%seltgfin\;eg@orpr esent invention. Fig.

ustrates a thr stage RWGES react or wi th carbon '
di oKigd &0 slewyscin Y GSarcanterditige heates, gseestliog e d praidyedi embadiment of

nt invention. Fig. 10 shows an RWSS
the?gergstceptgﬁe\r}\lnﬁ?ﬁ a heater, according to a preferred

enbBig. térshow$ atpnimcipalesferperatinn ef tan dil. reRe¢tgr subasssimblysacgording to a
or G BRkinfl: GREL ALLAM, O a0 FT reactor subassenbl y

according to a prpeFerre enbodi ment of the pr esent

I nvEiY i1@rsho¥s @. twb2stsdeORB réactonvacstiding tbTa pefgtedrembodiment of the

according to a preferred enbodi nent of the present
PISERISNEPRT Fig. 13 illustrates an FT reactor with a

Wﬁt Blg. CIBOli@fstrates @ar BT Ngadi@ azitﬂrzerqv@ttdfredocﬁi‘baeﬂdﬁdiﬂ% tmlila preferred

. present inventign. Fig. 14 shows a portion of the

e“ﬁs?ﬁ?g‘F’g@%‘?‘fﬂﬁﬁﬁr?S@BtflnYeﬁ‘QO’br esgnt i nvention, |oel ectrol yser

cel lrgs. 12660 RetidroofahPhRiedeh @it 6 e Grd¥Bittinvefigh, elkdirolyser cells,
illustrate on exanple of electric power feed to an
acerdipg fo RreferedsmpqiEngitesent i nvention, according to a

pr ey, nedngrRRdbdBRnpldbOeledtBc pbibtSteEdtEan ¥REKAWST of the present
wi ndi ng arrangenents of phase shifting transformers.

inyepgon, aqordinglogapiprreskemiodiEtebl yser vol t age accor di ng
to il‘igg i & ik fch &H’Q&%ﬂ@iﬁ% angbEntP LR shirAYERidsRAmers.
Fig. 18 shows a fuel postT processor 'system accordin
t o ¥igerd@fiepremapheafivdagirakypar voltagerascyydiagdata irefowerd poppdiment of the
L. 1l lustrates a burning system according to a
pr%lf:rgflrgge?téé "enbodi ment of the present invention. Fig. 20
i |1 Hig A8tskesvsoa fuebpest praressafsysiem eperdjyg tf 4 prefesned embodiment of the

r&hﬁqﬁ‘;eg-(g?chani cal gas separation process. Fig. 21
P'SRoWs “adi abat i ¢ nachi nes accor di ng to a preferred

enb &y, AR mfusodited i bupingsesitm iapnoeding tm preferred embodiment of the present

invention.

Fig. 20 illustrates a flow chart of an energy efficient electro-mechanical gas separation
process.

Fig. 21 shows adiabatic machines according to a preferred embodiment of the present
invention.

Fig. 22 shows isothermal gas mixture pressure changers according to a preferred
embodiment of the present invention.

Fig. 23 illustrates a combination condenser and evaporator according to a preferred
embodiment of the present invention.

Fig. 24 illustrates electrical energy distribution and recycling lines according to a
preferred embodiment of the present invention.

Figs. 25 - 26 illustrate heat distribution and recycling lines according to a preferred

embodiment of the present invention.



10

15

20

25

30

Fig. 22 shows isothermal gas m xture pressure changers
according to a preferred enbodi nent of the present
WO pwef9dseh. Fig. 23 illustrates a combination PONUSSE009710

and_evaporator according to a preferred enbodi nent of
¢ heTir SEGRkhco i o oREb Rl K i i SErotEq Epedent of e
pre@&RiM¥nghpSt ri bution and recycling lines accordi ng to a
preferred enbodi nent of the present invention.
25 Figp@8 phawgsicamiveaterdeqd tgithy qer&@%YFeﬁC%m@ns é%%/ereffﬁlgd embodiment
of e PRIeRERRAGNNY to a preferred enbodi ment of the
present I nvention. Fi '2 7 "SHOWS'' a co' lifig
'+ 6Fig: 29 ovhowy theo RIYGY subssteanbll main kpog ppeelerqce@hng to a preferred
em%%&%#t’l}?'?ﬁe %seltrt eREgsent invention. Fig. 28 shows
steamwater feed to the electrolyser according to a
pr eFigr r¥d slenvtso thenEhit subksserhiely pmeigeloop i sontnt inenerdifg do @ @referred
FS%% nbly main | oop control according
emt%gaﬁgrpttr%?eerre nté%ﬁéﬂg(?rﬁent of the present invention.
Fi gFig’s 81 shivowaghet R GSTsubashamstsd e hipdrygemasnpply ogyrot aswbrdglg to a preferred
to a preferred enbodi nent of the present
em%ﬂ(\g/irepﬁ?tlog%heHf?sﬁr.ltqg\fn?%oms t he RWGS subassenbl y hydrogen
su pEigy 32 chdwo thedfIe subdssagiblyohydrqeee fsepple doervb ackonding toh preferred
mi)% qﬁlpt i nvention. Fig. 32 shows the FT
B, U BGEA S uppl'y control according to a
preferred enbodi ment of the present invention.

DETAIL L. The present invention conprises
syspg ﬁ%&g‘ %N:on‘posrtl ons for making

hydrae é}ﬁ&@ﬂ GBI NESprseyTRY Bdus, CASRGET ki c%pos1t10ns for making
hydrocarbon fuels |ike coal, natural gas,

hygaeabane eRmRAHEdS: cCRBAIGHe, combiigRAt, hygensaibrs éue%reog%enatural gas,

liqHid§R8blefitd Ghs, eBAROIOMB@AN N ink Uk SseRd, 1diERS11 flidl, £1RSS#hdr known fuels
in two basi ¢ substances - carbon di oxi de and wat er

priygely BElR iThigrodiaein selstanges + EboRgiGrideciad tatsk When gurning such fuels,

theflﬁélh%’é{%nonqgﬁ?ﬁﬂgw? (n+(2n+2)/2)*0O 2 . Conbusti on
energy (H gh Heating Value) + n*CO 2 + (2n+2)/2 * H20
CoHyyart e )+ (20¢-2y 2)EQr %Qampuselpn pesrgyadiligh/deatige Valel et of
n=10, 10% nore nol esC \)/gg{&?{zi*sffp;(qg{éged t han car pgn

di oxi de. The nunber o es used is equal

su rTFQI]‘ efxg{gl% f rGn a%ra%&’z 'f“ezdf 31?:1@ be@fﬂoéqgoléﬁ gla\lvatterqg pfbduced than

nol e 0% to oxl ogen, . eés In
caibon éiomdAs The ednbre 08 pxygett mog:h ubgalais eql ed svat of enelvol¢ for oxidizing

Ca%)?)l? gm Heﬁf ofoaf mlc;'l% %ﬁusqb%dtld%ﬁf&}%}ﬁyhﬁgelf qggln%lgs it %YQIU Sé{si 3P4 herein,

“High Heating Value” (HHV) is the amount of heat produced by the complete combustion of a

unit quantity of fuel when all products of the combustion are cooled down to the temperature
before the combustion and the water vapor formed during combustion is condensed.

In the invention described herein, the products of combustion, carbon oxides and
hydrogen are recombined into hydrocarbon compounds, such as transportation fuels, including
but not limited to, diesel and gasoline. It is also possible to recombine them into other
compounds and compositions such as natural gas or liquefied petroleum gas. As used herein,
hydrocarbon compounds include hydrocarbon compounds that may be used as an energy source

such as fuels.
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unit quantity of fuel when all products of the
conbustion are cooled down to the tenperature before

w0 b@eooasiaisti on and the water vapor formed durP@mUsS2006/009710
conmbustion is condensed. In the an%gtIO descri bed

her BYAOCHHST P ERERdsSTag oo PR Yos 2 TSehEOFOBSER sRcesgn dn this part

of Ir8@8NaRIs§sté:8 CArFAREbnbAHO (YO GHdrB&H £ORBAN IS ed as follows:
such as transportation fuels, including but not

limted ¢8,* Bhe@diCHnH2lloline. It is al so possib(®
whiefRid @@HFJ? i ehifAgH Hl&tkcfopﬁ&ﬁﬁerfzgﬁ'&}lollrlm5nﬁ arbon chains. The primary

conposi tions such as natural gas or |iquefied

prsets oifethin pelymerieation aer hagasi prratfiysdrodlar v cvepdudiegen atoms to
cofnﬁl% e%w cﬁ@ﬁg Eﬂﬁééﬁg nInCtﬁlfrs'Pé%]UP&hS o%é‘l%l JFX n*%fec Fr‘sdus@&" fd'? Bormation of

ergy’ source suc
hydroedriyons eplps apgraxdrdatels LAY far @ngﬂmmg clfaingpas die emde @e@ snothem hydrogen

mo(l%gfe 1?&%&1&9%&&'02&85%%% %ﬁa'{d‘lal%)ﬁét em carbon nonoxi de

enare | reacted as follows: CO +
2 H2 Ther€hte2r \)ambtyfﬂ Oroc@ssesnh @rc&iuns c(arl@iﬂ}lnc)nqxgle efrobuq:drluhnr@omde One

m og tIéF Ithl'lfsa }sya 6l)r{ (rrg%a(lztzp%clegsn(iahe& revelise IEer %g{ lsQnoH reac?o %RWGS) This

Pon are 1 rnear
reqodomdsfas fdlow&nH2n, plus two hydrogen atons to conplete

any chai p .at d In this reaction, one hydrogen
nDIecule89§+5§ggcﬁg?§¥8rnation of hydrocar bons, g@
approxiidredaetion 1 @aldogén aRMahIetic mgedelab nsd@t catben eh(dﬁde to carbon

and anot her hydrogen nolecule is used to reduce carbon
MGPSKE% de to carbon. There are a variety of processes

t 0 PHOHY ERCtEchE BiRIWIRAD X kR Jf1am carhos (Fl?r@ﬁégéiﬁnol@h&r one carbon
nmet hod for this is a chem cal process ca reverse

diqgilegpolg dsusefifg profucs dwigrarpea/gsgyPounds; Jf alee isitgserve agiie source of
theflﬂjdkc%‘éﬁ thémufatlbgngpbé'a%@)\(@) In this reaction a

hydr ogen nol ecul e i s needed to reduce carbon di oxi de
t o car boRxtawalbxugaliedseitert he reacti bhd BsRown here, a
ratio of Water frpmRWGS reacion  hydr oge2Qrl es per one
car bon dWaser lempfischer Bropssbacacéompr oduee hydr ocar bon
conmpoundElectrif engagiefor vatet eeciwlysis as=BAEHsdiA-Yé *6% t he

hy dipgg nﬁdezﬁ hs?tugtﬁJnC YileAt i Okt '@%}3@6@%1&8!5& QVehe same amount as was
ternally supplied water + Water from RAGS

consela@tl iioePopSlion therpby/gpmpleting &m rﬁwbn@mqqsa plche meteds a9 systems
ta clei ,l 5r &S H &/%r N@& €in l% ﬁ% 09 sM@'séurc s%s :LvellH% variety
17 1

an | Situati on, e anount oxygen
of pedcesisethay be il tsmuawbxdﬂOgeaéramsvatm rfou weldlpilm electrolySIS of water

ma‘%pon)qh g’& r?]cﬁugg ngége%oéﬁ)oléc%%ﬁtﬁ trﬁ?y lll;]:l?séﬁg nd ﬂ%fh&r %?gl%gen, as well as
thep dedtingrofofateh® patiere mﬁ@emariwmer fleomolpit $4 stdecsmmluincths preferred
em%%di\{\n%lnl \'zvhllAe gt?lerzri r%ctetxods of producing hydrogen are known to those skilled in the art
and may be contemplated by the present invention.

One aspect of the invention comprises systems and methods comprising preferably an
electrolyser, a reverse water gas shift reactor, and a Fisher-Tropsch reactor for producing
hydrocarbon compounds. The present invention comprises methods and systems for producing
hydrocarbon compounds comprising converting at least a portion of one of the species of carbon
oxide, including but not limited to carbon monoxide, into one or more hydrocarbon compounds,
via a Fischer-Tropsch process in the presence of at least a portion of a hydrogen stream; and

transferring at least a portion of excess thermal energy from the Fischer-Tropsch process to one
6
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of processes may be used to produce hydrogen from

wat er, for exanple, electrolysis of water may be used
w0 ooopeoxe hydr ogen, photosynthesis may be usepdI/US82006/009710

roduce hydrogen, as well as the heating of water to

ot E‘P GHIGERFORRPHFERTIR theviitEnd Taqubite Bt & g %E@P Qihepppifsin the system,
fortelﬂﬁmﬂé ab ah BIRSt AYEROSH ATBHseWttdr@adinirefeatlBt. hods  of

produci ng hydrogen are known to those skilled in the

ar t Arstctielysen &ag R ISP SPRARID Y 2teh Bl BXERECT; 575 §FFATHIAC 2 siream

aspect of the invention conprises systens and

netho s conprising preferably an el ectrol yser,

r evEhesproggss mey @a@elsmmnﬂw @a@@wrsmrﬂ AZPETASIPE Paﬂ?%@@ém including
car‘egl?ﬁ{og{def th1s°£t9[5j HF &ﬂge g & Bf E@Q B bon! gBﬁ%le may comprise

esent I nvention conpri3es met and syst ens

comae:tmlgccalrbgn Hipelide iz troerse watpogAs dhlftdBWS)sqrmsa: orhgepnversipn of CO,
tak%g Placee 1%It}|;]ec @%ﬂéé &r}lggol%&? e.;tpc? &Y(%rg%nt%g&gﬂaer %\ﬁﬁeﬁdg ﬂ?«%ét’ a portion of
the| hykimgem fromrthcmny@og’ey dtrcanafrbmﬂh&:dcmmmsds C(mwasmn of carbon dioxide to
car 8r|1 fl}og{)]m & & v ﬁy &5 c%é‘%ﬁsnefilbg t he d)%f rﬁgtg\xz gor trhose skﬁfa in %he art and
sudhafAshodd afpiohicoiplatdd lﬁ)tnae@sSehhavmbn energy fromthe

Fis opsch process to_oneot frie otHer oces

St ogB fiuhe® Rl SEERS b e digien) MG By Peifgnded from any
sodtd) €ér ebRinpl8, 4 $duidd enaS e ta@ifearh 6f cRbAMbdXide @rofia source separate from

ilectrolyser or a rev rse ter %gs ghift reactor. An,
and; pigidy Hleypiesentygyentign SQW5S PLFEOYLIEPORIGR 1§ 25 2 portion of the
cff A QRSN HRS 1Rt 6;@1@1%\1 &aﬂ:tl@n ploc&s r&b@\ferti}?gyc&ﬁfbngﬂ@udeﬂd)e among other

process may further conprise the conversion of
SPegiFE RPN FHONORKBo Ehesar‘a@ dioxidq sigiA dorcthis BERTeFiTeRY] C@éle from a source

suéﬁrﬁs%al%&? @mselfde GARY 86kl GuRE BuBile MHRMHE:sSReMIetordf carbon

oxid 1&@ nprise converting carbon dioxide in a

rev @hfs of tl“efm’@a@le slfwcfa@rﬂ(xm@g) pesT 8 | UIRIEO cHin YRR adingh, process,
up%fa dlr gﬁhat o‘?(l"l dﬂo@aéﬂ(gfs‘ 1%%@ ﬂ?&o&frbdﬁy&ﬁlﬁﬁﬁﬂonsaﬁ@ued such as

0g en ovi l'east a portion of the
valhgtdr b@teqh ffwl@m Aheuswdre@glen wéalﬁi’,f I'eosi-prigeessing” and “refining” or
7r“ e .
B Ay APy RN AL i o Bl o
putifyose irs korhd edinner differcatiate an chemizhl pepheisl ghaacteristics the various
hygr%ggrgo o%éateogm s?lﬁr(%sle]nt f?({llg ﬁl%%%ntjhgs el%%tf())ﬁ 1n Ellg%ls%ﬁérbﬂgpsch reactor, for
sen I'nvent
exgpnple, ﬁizﬁnioﬁlz@ mndrcysnmuuhe epmpmmdexnﬂmubﬁle plodwmnsr onefeﬁdsyocfaefor other
a,source a
e ARl e RO P RseRe T Eroe SRt BERENG' Siomerisaton,
hy81@bl1l‘aﬁlﬁng)fisoﬁf&hhﬁﬂﬁn)’ﬁﬁd&lﬁaﬁzd@oﬂ RydSgeaatii@r ]iychxliisdmﬁerisiitﬁm and alkylation.
ef fluent stream.fromthe, optional reef i on proces S F
conf?’ér‘is%gerﬁlﬁr bohCURRSXP e TS TRV REHRE JEE; @gbon atoms. o

exeﬁfsleqnoma%uldee a (N @y&RELBdh dipsingdle st ream f or this
process come froma _source such as carbon di oxi de

hasts b RPN oGt EQTRRIPY] oofPRUBf thaying dRr GreonTHems.  For
ex@hplb L&%ewoemﬁemecﬁiya@laa%onm%%ﬁﬁu process nay under go

an upgradlng process, upgrading the spectrum of

hy d A6 asedlesiny ‘s cmeowgld PsensreBROEKhaEng fisser more carbon atoms.
Foij %ﬂlﬁ}ﬁg h&%h oftane! ahi Qbﬁﬁpédngéj bitnfad %eﬁzen@‘%vdﬁﬁ?ge ReL.einydrocarbon

upgradi ng", "post-processi ng" and "refining" or
compound.

In an embodiment of the present invention, systems and methods to produce

hydrocarbon compounds from the products of fuel combustion (carbon oxides) are described,
7
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"upgrade" "post-process", and "refine" are used

i nt erchangeably and nean to separate, isolate, purify
weroosioeseie manner differentiate by chem cal oPCT/US2006/009710
aﬁ@h ysical characteristics the varjous hydrocarbon

SIS Vit EhA b dlerdicdyiunk 8y deqtcity: Tom 2 Hclpggeactor, to a

plabit SERE! polhAPSEHE LBRRE O the E108triQKATRE a hif @Edeh @REALfro@RFhter; and
convert the conpounds into usabl e products or

reapigng 8t et ¥ pertign 196 rthe) prdaes o fughcembretiono parberh diskide gd carbon
mo‘ﬂf)ﬂﬁ@ 98 &R ﬁl@&hb@@ﬁ atQbkst Q&)@rtl@ﬁtof lleMylaBSkeh From the hydrogen stream to
ol i gonerisation, hydrocrack |n% | someri sation,
foray bydip¢arkemi ermpdupdl; oyferran jven of asirisi SesBt iiss atnigyized dyd recycling
ene@ 1@/ J:o%ts d‘[?(%l anﬁ‘%el&}%ﬁdjm%ﬁgdsgnoce&egOnpound means a
npound havin ree carbon atons. For exanple,
pr obmmeﬁwedl dnbmluaeﬂﬂfihmmmodﬁaemb eystanwngs duericsesinveggidn convert the

1np(1:1g ?IBCotrﬁé g er m orrjtg 1&% hea %%1@ ogﬁggﬁtg@ﬁg)lg%\%ﬁ] %}90%{1(18 combustion
end’tg}drnm:ﬁan heomaoamohndAsl wdien cdrboredinxideé 8 usedcaapauntal 'oxide in the

N G T T O T
the\llﬂethdﬂs hRd systems, dsrydmmafohmmxovmmd dadxfdeatm cabdmndonaie.
ens .an met

of t hods . t ,
ot ol e B S PRI Gl eTHH o GORILES by converion of

caﬂb&e i @It ok Qﬁ]rb(n@ MIAKIdO¥hd B&jer qkt6 ttg}e@eirb&e Borapthndd cSmprising
ding a'rf anount 6"f electricity,

cabpnind Iidragn.ristama ieter el red tp éupgbbhygmgea £ fhg cgnversion

prde&dst MR8 cbort M6xidSRENbe &Iterh:ﬂﬁr ﬁgﬁﬁaﬁ% fletpYock®, flrﬁlrdéh@erted to carbon
hydr ogen stream from wat er; reacting at | east
mosp¥ide & fyrtherhise h drpumetbodst and,ypterp ob et Pratent {EPwEM. The carbon
mdﬂbﬁﬁe ARy gRGbe %&9511&{3&1%@8 thelpRodbfCarf £RBREE oPEarktn oxides can be
| east a Eortlon of ‘the hydrogen from the hydrogen
supplieéamvelo f or m hydrocarbon conpounds; wherein use of
el esf’flé teﬁ‘ﬂeﬁlgt\fl dsSand Mty 5fecge gr seﬁl?ﬁﬂégﬂdoﬂgna%ﬂﬁ&gg&%e a number of
consu and rel eased T'n var rocesses
sulpsysiéras, cach adibp di the overall hﬁiCimcsh@mlspramquofeths ewffre pppgess, system
0 en 0 l.e
or |I;|j%$10 EOIJ EX& 1%1 Hltel iglgen\%llgfl ulégg flljlcr(%ﬁ)%;‘atf Q%II‘J)OCC gf %?ch}é €nergy, an
elecmtpmuradSWGSrrbmmu amrF"lblamtcgyandra mstﬂanwsmg plbeit ween 1. 4
.an an em n(t: af the pres n(t) 1nvenet1on th %elsd a saosur a {ekc%g{] eoe(r \/ generated
?%1 § an E 8PenE ANy bet 0. 64 Gnd °87'8%
frdrmh&la he:ardﬁ amumamamaﬂca i e)dampteas iadmst (blﬂedeﬁ reavtdrh&his reactor may be
hods. .and systens, or onversion of ., carb
sy GRteda BRIt e R GHEA RameY b RpRgtsed ata -
praReQsRNGlantNVENS hed theeddegtideCoft ektdndingSiel eha@py bigut from the world’s
conversi on of carbon d|o i de 2€d/or car bon .nopox

SRR TS TR ORFHPIOBAPOH *Eo TR TE w&f&aisr five years,

the'f@fé ;JI%@}F Si8ial WBEIGoWeRthhPteSént AlveitdnQlnyis B ehd ofihe Ghysical plants’
hydrogen to the conversion process. The carbon

useﬂﬂolaafp déltﬁaeﬁl\eév diercasgamey be awdrzeay PYFleaR gPapiop HaYg heahgppversion,

a tﬁ&ﬁ%@l{e‘iﬁ&l bRCERT QUMRRRKsIRcTh@ihg Tkl RRY S Bledthicity Such as hydro,
met hods and systens of the present invention. The

solem OBRIA Wiefo Wilkfle tighagpr awrse@tSb@dé@ﬂ@r%wswf awppfi these sewceshe
Pr ogR3gic APRyandy ¥d el 10Tl LREDR W HEGef@Ry@Been and oxygen. In

some embodiments, the electrolyser may need a substantial amount of heat for operation. This
heat, together with water for the operation, may be supplied by steam generated elsewhere in the

plant.
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supplied as well. The systens, nethods and pl ants of
the present invention may incorporate a nunber of

WG awspstsens, each aiding in the overall effi ciwmasmndoowlo
productivity of the entire process, system or

For Whilg ipiraseny iy heeificedhy samyentiqaal elssiralyss of %%ﬁ%@g&%ecmdes

ot} BRIHOHE c /MY &Y dploﬁeﬁ fREIE Ahe/ BBfmol@isFNGREC@6! XampRNising waste
FT reactor, ost-processing plant. In an

heairfieal ingelaar r@act@rnk tlgﬂn@g@qtmqahwms‘%fn and Kermbinptiony of dhgsg anethods.
O)ﬁ% ! erfhi6&IcEd i tﬁ@&é&ﬂﬁl}gﬁr}ﬁ r@& ?t fonRER dutGacngate C}Q{nt a

ear reactor. exa I's a fast breeder reactor.

Thi $he praecgseef ﬁmﬁmb@mge‘tatqg foyrieprafluckon efpydeasss prpferably includes an
ele@ﬁ’gl&s%? Eoﬁﬂ‘@r%ﬁr%&bqg&:ﬂ e‘ié@rﬁg%éesgagcli ﬁUé:l ffg,%algg gﬁ%?tg%ﬁggﬁetrﬁtgre over 100°C,
or acdmamﬁ(li’g:e wh‘ermtcelildntnglat Ipeasmmrgy ot gat bdry omovére20 bar.  Other

j [ reserves o he,. 0 3 -
enffbinp M STl N 3f G 3R00 A e aglagi of cells s
usddheitievolaged @t §0 8 andert thatl AG-ueDCtvoliggewectificrseare naaslewtth an output

1tnv nt .90 ﬁ}?t | the end of the physical plants' useful
votagp IPDIR eSS MRS el v, the energy may be provided by
NuciTe&E akeaGh@busvaks én fieaplaoioy &feSlh}ﬂfbgeﬁ produced in the electrolyser.
t her pochenj cal process, .or, othe ces, inclu
AP BElSfn B SRR HareS oME e Aol oo a kPRS reactor o
préUuCaEy @Y £hixtive B carbdnd@SnoRlde G hRidgen. and conbi nat i ons
of any of these sources. Electric energ be  used

to & @@{qedqffg.@ow% etﬁgr g}eelng@nWB?eéﬁ ésna glﬁa%’ g?&;%caﬂ?qﬁ\ oxides,

suSPIRL RNRQHidTBNE Sbont HEnR] B Gk %@yﬁﬁﬁﬁctn&}ﬁed@&ﬁ@da ﬁlant that is required to

substanti al anount of heat for operation. he
redugey s KerPomP¥iFe warssiony. o Examplesopfetugh p giint m&iﬂdEé Weph élllffl@ﬁ used to
pr&iﬁcéh@é’l”h&?fb@ﬁﬁhﬁg &k&emﬁﬁg §s1ﬁgn cdd®r Bhaty Pr\’)ﬁtﬁdeeelectncny Carbon

g pr oduced by conventi ona
dl(éill@ctciif Plysqogomle watc@rbommﬂgs el @émmwemay &esevidask bipgay method,
mé(il?tfln tﬁgﬂ n‘ﬁYe%%, e'x{éﬁlaﬁg gﬁ)gldE@ﬁ Illr}l% es' s of water
or- exanpl e usin P nuc ear reactors),
t hen*\nmclﬂnemocﬁ abmprtmge@slum dieide Bncﬂmbmwampmxédeofs thtpugle the use of a
. ysar

R\’gﬁ? I}?%?od‘.s %ﬁ/ %ﬁ)trégtfg tqé‘l?l%/gﬁfl (% @rﬁ)tngés_rﬁél{lg#so%gs gg@% %erem carbon
dlcezhcbcztnddiyyls:igmg awaduppliddowo a RWCtSr rdetot, iandh thefe ,’rsyads@gtemally complete
co Yeés&?nr 3%@%005 ﬁ@xh GEZ?a?QOan\e/nel(r?ngO%ﬂrgo ofég c?xgtp%?engfr;énsv'eﬁ%n of %Qer%%, more
prefyrably bO&080%, and moed pr&féﬁﬂ(b@ stilthevee 90%C GThb outpheasn”edﬂuent stream of the

ssures are ove or, O h
RS e Bhe e PR ErEH PSP " PG dbhg g zoro and
thrieé.l Buslier; 3t;h91%chré6\4ﬂ76%dedl hg}msaofsdﬁp&ktﬁf ofCepdrEon |5f teBsh Wibkide on the
VO ta es over and/ or that t o- vol t
oufrb (4o Feseling of @eéar bopdiqtidgrio d Pt v8r%§5§@fﬁeﬁmngvodlments may

indl@RSthhN B8R cPiatih @&Bpeddtre K MBIWRES 336:38090) thdiehgtt antprdvdded steam
t he hydrogen produced in the electrolyser Anmong t he

sepRjficBgln RRdpnsatioBoANdithati Merec HAN Loy EagoL Gg%th%efeqp?purﬂ serially

cohitReBVGR: ERBSHiREN RayPERUHEE it RSaRe RpdFhadnUdiSstddtn between serially
carbon nonoxi de and "hydrogen. A source of carbon

copested AV G reacters. pr esent process is a plant enmitting
car ban, %i‘&iﬁ& rof the RWGS reactor operation, water is produced that may be used to

feed an electrolyser.

A syngas effluent, which is generally a mixture of carbon monoxide and hydrogen and

some residual carbon dioxide, is fed from a RWGS reactor to an FT reactor. Additional
9
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such carbon di oxi de or carbon nonoxi de as a byproduct,
especially a plant that is required to reduce its
W@ 200609950X i de em ssions. Exanpl es of such a plBer/US2006/009710
i nclude a bl ast furnace used to produce steel, and
hyqtiegsdyi majy Graiddgbiieie et & thsithep BERIxidy A8t iy el desired output
of & F‘gtrédcfdrt Yt is %63) Qekislé Wﬁs@%&rb%ﬁmemﬁp neX sewfe &ABAOMonoxide
oxl des or a m xt be provi ded by any net hod,
froprexfisidg inglugstial presesses, rerncil eqmbie thiscaden glongxigs with Hdrogendnstead of,
n r r di t
o R D B A G 3 2 e S Sy pblant of the
prefent aigpantion gihcltiee miathadat thanuseo pasbans e@nn@tiﬁ dfd@oah dhe need for the

wh b
mt%%‘%%%ﬁ%eg gf gbfﬁ\% [g G g cﬁé}h&iee dpa?%b&y g{oﬁgﬁ{fe atfxéareby bypassing the

reac
RVEGH ptomedsi al | y conplete converS|on of carbon d|0X|de to

car a, conver.si on of
70 Bup P N ey BYE a0 iy B Reo e FT renctor,
prifiitilyl provades rcoﬁ@%on‘l’d‘f&atbbﬁ pishoxide aidfHyde@gatn &thyéammén d:quaounds at

e S SRS SRR 555 B3R AR B, A B IAFB.c B,

mdrdpeRradlestill) 6ved 90%. TR 8iRpratntSARANE, iRmahod apdEiistedts pddvide that
carbon di oxi de on the oyt

thegZfagn b apele! fit Pl et rﬁﬂﬁé@'@# " gtonall, the hydvogen

sufpIP @A bdIRdLISd, TBY e léJ der hiainuinhfro@RSOAf NEthAHENMHE AHHInE. Other
i's between 350-5000C, that there is provi ded steam

embadiEents ingHids yhat saye Aachgdsenys hydrgearbop OusRil sePRRLAN Bijke condensation

calfsE@ ‘B§/ Qharfz8 b BEthSERPEMutePdnd prEiRakey/ pioOABE G Ghat Mbre than one FT
enbodi ment may conprise internedi ate separation of

reagto Y thet spaventisleqri sarially eoaneréas @ dhaRingIngre deanging 1eggEor pperating at
sulg)’a‘ﬂ[ Qg)‘ﬁéffelglflt t&rﬁge Bg@ar[@a%&;cﬁ%d gxraﬁltlé &ﬁdltﬂé@g: er is

pro t hat used to fe d an electrolyser. A
syndbs Ceifab'rstu‘émtthe WHi sfaction epanks al myta]aswﬁhxftsutfemoq‘obalt nickel, and

co %919 qpéilé)c?f j zg 'P @xﬁdé( N rb%(ﬁo Oali o1 l:ke‘f’ %&ﬁ@ Nruthenium
e 7

|s’fe roma reactor to an reactor
oxlﬁ.d,dartdl @nﬂ)hﬂaydris@erndfnmqipytt-bﬁje iSAtefiad'seglt a$ alethinp jor eeolites; supported

meaai%lrgé%ds o U%neta ox1 gsg?gtr)egmtg dxu%,? %%%%F{b?n%u&% ofttFeese catalysts,

andGmHSQnﬁﬁmhﬂhmﬁﬁh@ﬂdﬂmmeﬂﬂch as waste carbon nonoxi de
fromexistin st rocesse a onbj ne this
o T St Pk TR, e B o & G Re & By SOGRb i cobcinds with a
bypddhidt bpWateOthat dag hSW’Eg@&qe@/t df@8em spetoablbeam foy tol theelBWES/ser. The FT
react qr... Aspects. of plant o the resent i.nvention
reachia (QuEb EHRR o ARd (B AR EPBR Uy WECG BT Fﬂfeexample at
leaRELPLrHiOH oft tAEhdal AT BEREBYR t5tLpater sue i being chigefied RMeam with that
di oxi de to carbon nonoxide, thereby bypassing the RWGS

Steﬁ’indl%f‘é’é?mgﬁ?ﬂ ot slpqiropserifedpfdsent i nvention, whi ch

may ThOGlikdR SoiyRrdch®Bn @BBpbuhds 8RAGhOhS FIPIhdt®Y mhy be fed to a post-
provi des conversion of carbon nonoxi de and hydrogen to

PropeeRngcRItIE Shat Camho SiFsT, Oain mARY ¥ayhEmPls dhafesiiftiag hydrocarbon fuel

reﬁr@he@’é?%l ﬁmo@alcﬁnyﬁfu?'o?rh1ﬁ’<§g69V&ﬂnpz9r@s 1'5“3’1%%111(:\11e‘c §51ﬁ@|a¥nount of
over % and nore preferably still, over 90% 1In th

hy@noe@emnpom@wan baused hethwmontdugceamg, sefiningrsoqsputeiverdd composmons

coInBﬁEmg combustible compounds. Such compositions may be used as fuels.
Upon post-processing, desired transportation grade fuel compositions are provided, that
can include high-octane gasoline and diesel fuel of a composition reducing or even eliminating

need for after-treatment in vehicles. The fuel compositions produced from the present process
10
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the reaction heat renoval is at substantially
i sothermal conditions. Additionally, the hydrogen
W@ awploysrs control l ed, for exanple, for m ni NUPCT/US2006/009710
production of methane and ethane. Qther. enpodinents.
avoif iy &1 EHFEHhCstTE SHVARTKS PA SESEE BRI O4r borilGe CpfROsitions have no
sulfERANnRhL, A nitSdgRe ceRBACARPId ABmaRNSRECRY TRANGS heleR®! khve high
tenperature and pressure are provided, and that nore =
volupgiyico pred grpvn@qg@.t @perg&;ﬁleg%u%e 4u eesllgnt ggsisimes 49 |t5yerma1 oxidation
p&OR0E GleGfle Sfte ARV kRY aFEHaRI 8RR BRd FRATEW tenBREAAL bRYe@Es.
substantially différent tenperatures and associated
opefhe pragpneaynignt forhes provifes fmethpds uging separatopsTior sepatation of gases
_ h. : :

’ d
oS30 e Ry U010 SR oo el o2 cchangrs
coppicstoys/axpiyalets. CRiccwystems alag | indwdedibe usaioheompressonicdexpanders with
heiﬂlrr]l% %%%’81%” attol c%plgiti{)rb ggsel%{x;turgsupop %5%&65%?18? Igptcl %gllea%d Eéﬂs"ilﬂ a mixture,

ascalunina or zeol'l tes; ‘'supported netals, m xe
wheesia lespandert adndoxom@sssonyl xeduseettal canditibe sgasamiiktures to the desired

; con;tszi nati.ons of these ca}lt I sBs, ar]td ot hers .known t o i ¢
erfipoaw e T GRS PR F (e RGP (SUEBUERGICR R Cpsporaton of a
sele@ad gl with phadsl cohudr€on bf hydslagaillid inte dgpapsids swiatnhasaappropriate.

prqdyct of, er that can have a vari et f uses . .
O b saihig e ot eSS St o Ve T that i
usdds fdii 1ghatiyg X @bhigipMalbng akith bifier NBaipreddon e epM@ioh Nofagases. Heat

vari ety of ways. For exanple, at |east a portion of
machigeth X RRRICHRPA BYBRACH S SOHRBTSED %%nrl??aWP‘gé? fgve heat from a low
texﬁ%@éfﬁr@ta%% {00 BigB abhMirdthret Al afd B#NSMORrORiNMWarl Ekpahr-generator
the electrolyser if reaul red. The m xture of
(elpgrde DRV ISR AIGRPBENBSERPL i ng an FT reactor may be fed
10 gnPPRbenPRERRA PG ids ke SBLichEHsBifs ﬁiaml%%ﬁergf’,rsuémas electric
many ways sinpler, than exi'sting hydrocarbon fue
eneray.i fne Hicerpnyagsipw of exrbumpxidgs. igluing carbopdigxédpesnd carbon monoxide,
& W Byd ' . RisyinALPER invention al
o R RSBy a RS o PRIR BRI, oy A8 B B8 Bresentimvenion also
comgfisen jusg opresided sntemaly haak foredepossy tghmatiopopich slasgicity is used for
cafbBTBHRIde B SRR Snd RUELGRERRR b 3 Srol¥orPFiellS Rlkystom may
as fuel's’ "Upon poSt-processing, desired transportati i
alsgr @derife ebmperpositd ensndare ugdofor deulitiorteg andifori sephratden of gas
mig. héo%:toggn% gasol i ne and di esel fuel of a conposition
freducl ﬁ)g or'even elimnating need for after-treatnent
i n Tabimbest imteatidhrtien njpoepémensorer odunad §ubsystdantse comprising

SR Pr BERFab Bl FrBbu BT B, SR Slngtne manstr of e
froEORP 8&ikc ok (OB ah @leetrdl9ses bitHet Hir€AR tof Mt comM@rsidr to@YR fic energy, feeding
cqnt ent , and_no ar Om% cont ent .

tics They do, however
roag o ST FrOPOT LFBRIPHE PGP aticnet 11 EOQbIe FARYTIRg heat from FT
reafbr@X Fo ubiEoubRsut e3R8 b9 ubdrebMhat, Qi thalide O heat exchange methods,
processes, are fire safe (i.e., th%( are hard to

trapgfgiing heatfrem §EIERAS®) feRYESicartarspHonsevi) associatedinput/output gas

priveSsRN hestihg &MY WalRe Froff RW A Snd @ TFIMREABHSIOH 848 an electrolyser,
separ ators, f or separ ation Of. gases In a gas m xture,

and gyppisingagto gagliguidaiate contpriion fon coaling eafbeatiag iobAroggss gases and
ligdRR! exchangers and conpressors/expanders. The systens

may i nclude the use of conpressors or expanders with

heaflihg gresent dwishiigngplicocomummidést Use of gassexpindetsrwigh ¢legtric generators and

gag Qcﬂgﬁgs%gltslvﬁﬁl quctﬁac Iﬁglloﬁ%lelgcegﬂﬁg 51{11 ée&ﬂ@él%tﬁc energy, i.e. recycling, to

reduce substantially overall energy use in the plant.
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wher ei n expanders and conpressors are used to
condition gas mxtures to the desired tenperatures.
wab@e®ysrens nay use heat exchangers for condePGHUBZING/009710
or evagPratlon of a selected gas, wth phase
conVie BiesHt Biveniios go fliove in Fig- a COPPESest I8 %SSB% a giethod of the present
inv@ntidhP POP FBEl'thae metfidaess @&@%hg?dﬁ% Sorl ﬂ@lleuéj&mg?toh Qefbon oxides into
conpri si ng phase conversion of a working fluid that is
hydreesbdnginely @‘atsmggle@rrlcéb o$ thagneray A v The @itpyidyels F can include, for
nTﬁ%§0¢1 n%ndlggel Qﬁ(cp ‘cfﬁeq’n % gaﬁﬁlﬁsﬁa’?@?@neﬁ@% HifeSel QCEms of the
punp usi ng conpresso can e used to
Preml énveatien 000each efnbodyiegmteovn novelta prchinventiae hieptas described below,
and %ggtﬁ%ra?olﬂélgnﬁgg é?%rr@%ﬂ gioggs?tof [h%g?mgﬁtsiréééé?]ﬁé&r}g %%ans)shown 1er1gs 5 and
6.utilized. The present invention provides energy

o T PSR u BB S 30 B g
to Gleifv® ahe dofverdieén angd pesvidnsly beenoasioitied. afbe Wmduetry ihas Cteframed from
dr ocar fuel s .on_a oduction .scal e. system of
e\ LB AT P AL S0 EORDY PSS ek ebp HERL Pyl the coersy
efﬂo:iﬁnefem dlere@@plyftos 1?' &Cjﬁlﬁﬁf?ltlga/ccge nE’étagheCHiiergWMﬁd‘lency of the present
. electricity | ed for carhon xi.de, .car
iR ek PaReORE: U iy SRt of ﬂw&%}m&w@w of fhg|fecls F to the

amBuRY St QBuiEY BlrsGuifaBIdiSe (kD BRIVESRALY 6 NFeadX RBAN60%, and more
used for conditioning and for separation of gas

preferally ieeeates iyentiTe-s In T9Ersp e Hmeaty dHf rATQi R Flectric energy is
ap]%ﬁﬁﬁfa%‘l)}r RS tHAR 8 . 7001/d198) Qinkd Qﬁﬂglﬁgﬁ h&@HPWAISE BYthe fuel F, and more
ransferring heat or steam between conponents of the
pr@vgbléqurﬁ@pdd%ﬁgneﬁhe transfer of heat fromFT
reagf ?ét(a%))thklohigﬁ 1808 GLObY BET, r&bﬁthﬁ&enﬁbﬁ 868, 3% Bbwi i@ Fig. 2 the
conversion to el ectric energy, feeding reaction steam
prdsemnpIPdess gampysessin LrILe dvpersésat P pravidimg emergy to the process, a
coﬁle?s%nL 9:[8% %ﬁé ’coﬁvreﬂ{h%f dE 'an) I?I?c% ééc%@d% afb%ﬂc&;@c{eg %%1 fﬁé? 'F, and a
e-sy Stem by users of heat, via
hydlsgenofnphlesttp éﬁ@ Ipmvgcbngrbychogml tot efficisiteyr dmwgthhec@nvd‘rmmnﬁ% of the
cmb ctol& RWGS reactors along with associ at ed
ﬁn bads tf’ fi h . .
pu gas processi ng, heating reaction water
f r oﬁbﬂm tanig envdrdion eag 800 sonfvarting ge darboaxide to fuel F, as shown in

g g spRingTite ot BRSOV AP AR g hor Tpodt sopBBRE Suep 320 for

theatughvérsigh iofl 8arbdm erops:ase it fublni,eintl iasc@lds ® cabop diogEls cuse@rsion step

f xpanders with electrjc erators an S ..
36 B ES PEoGH oh O BEET B Sto0r 0rhG, o BLES Ot g g dioxide. The

cohRedbr§eie BOE tériverte Bﬁb@ydloklde to Eﬁﬁmﬁiﬂoﬁ@udd, Qnd b Geeds the carbon
substantlall overaII energy use _in the glant Tlie

mepogidein ¢ he FBPT OGRS OWREIN oA 3B g Alipragygly- g di compjnation with

th@@ﬁ@dﬁ%@no%cﬁ@ﬁdﬁpﬂle Rbn RGP §S I cdrbtLRbhXdeldR bBeddg Bnversion
hod of converting one or nore speci es of carbon

ste@x??2<9ef§0m utsideythe sxuemh of teurpssniinyertiog W0efqrrexamply, fem a plant's
caltblaﬁ n%ﬁgflaé’ W’a§{9 'étrreall?n or 4 Bt (PO, MEIC® EanCRfel @&_L,ds’;g 860 to convert

for exanple, gasoline, diesel and jet fuel. Figs. 1-4
Co4tbG$x.-r at e general , hlgh | evel systens of the present

i nv %%EH v H8n st@lgscﬁggs o gizQ g%lig%sz \Z}V PR O ﬂletlxrdx%'égn from hydrogen

i nventive step,
input step 400 to drive their respective conversions. In one preferred embodiment, the invention

100 is presented with both carbon dioxide, and carbon monoxide, and thus the process of the

present invention 100 utilizes both conversion steps 320, 360.
12
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and together, formng a preferred process of the

present invention 100 as shown in Figs. 5 and 6. Wile
WO 2006®995MOWN t 0 produce hydrocarbon fuel s fronPCDEB20861009710

gas, the use of electricity to drive the %onver5|o

has I Lk FEfinky BPRER0 $rBoMRJac, Brideen the ouput of the

cohRldidi G300 QM E8YEMS RhBEn aﬁaa Qel8 tief il gﬂ)u@étrf@elé RelSpically, the
from carbon oxi des_ usi ng electr|C|ty because

ouprkpighe eprviersionrfiqpeif0yie p SPastriiml of hydigcabon ffzmq%}g@sl H(} Pt which
onfy%oine c¥fhe uskdfh RBET Qbfuse£ f)és@B S¥inB Eteh BOO RHBSARH to upgrade them to
I‘'nvention i s greater 0% that 1s, the ratio o
thet desireti qpmpheiensnigr vwrtpée dreltlhe fuels F to the anount of
el e It [
o ol b A o S S| i TAORSEL B ARG 100 b8 shown n
Figoand 6, ashompeis atdcpclingtpronessnend plant, tolpgodnee bydrogibon fuels from

the #ﬁ% %o% h?@nrgézgg r{ "[%ﬁl%ﬁ{bgﬁ egﬁl‘, anLn% néh%%@ tl‘% eﬁ?rl% Ilnp']:lt step 200

pr@mingrmeegyptoeme ipedskss, !mlmémgt$mlatilng2€ﬁedtmqmmsmgmuy]@ar power reactors
ZIQ %H%%‘\[XH %Q I%Sggl%l?e\rl I{‘eﬁl% o%f : uﬁ‘{l erxcl)sclél gu@%aﬁ%ltralstgnA]Tg&:’tor 210 can
be aet@p @yice Wil tepsdcegsed Bbkiqar wstdl ang tkeemeirsgyuciear tdie cpr @cep®eessed at,

a conyversion ste 00 nverti t he on nor. e , ,
tofsGiPlch - PRssnR vt LM Sl e el it ol BE ayprie’s Uranium
redefVos| tpeflapP2 FAN i e diARGvill e m@&ﬁﬁtocﬁcbb}e&ﬁkmf&liﬂﬂ 1‘;4 thl ary @t typical

t he conversion 300 of the carbon oxi %F to fuel

Te-REOCESSInE ﬁ’éteftValS Oh &ve years therg s egt)lé‘g& ini§gl Lugho é)royvieh@e thFéent invention

unGPhO e sPilsaeerhiqit.uel F, as shown in Fig. 3, It can
i nclude at | east two subSéPtens one, a car

mond e clectiisiielss Piided &g B9 ohydspeep hgPpio ﬁ%r‘&% vRg¢h can include
el&éﬁl@ﬁﬂg oRRe declt@olyds! 41010 %}ﬁil FreRE Qﬂ’l@ﬁdrc%eﬁ 85PN gen. Heat, also
di oxi de conversion step 360, should the process of the
calipdetberpal ¢neiayn frperpthen sutiskstyrseefdhn Racass tﬁhth% aicprah invention 100 can be
sty 1t Bhis Itgﬁ t5 ﬁl%rvé 'effﬁwgglgp S;gn Gen hteé eﬁﬁ’t,fr Qﬁ’[@ctly to heat water
| oxi de to car bon nonoxi de, eeds he carbon
Whm meitde or treugh comvedon terirsiicE (@ mndwsql@trolgtﬂép Sgpe known types
t a
o ALSEOTE! P oy oed oGO LA P S ELIER: iy yur
elecanlybre dpedtitn ic prafeardy onp@icd Fpr@@@ll}f by sicamt geineretet] Fpdsewhere in the
QUG Rl kP HERG I DEERLP Db S R e n
eldCERlysem dl@fﬂrc@hoiuehé e.sdtehr,) V\Sﬂllepx i8 6&fdmd¢lmwrmsm ifQOR alfl,aof the oxygen

. 0 conversi on St ast. a
i P A RE i hecors ey B Dt i Cler elavez{%}an 100.
to ?N’tileaetdd ﬂfwni%din sfabpipalidges isclot weths b@ﬁfﬁl:swlnme@rBGO Wthh, if the system
preferred enpo nt, the invention, 00 is re ed
of JEe RretE 7 ARB O G i BRI BP DY er B Sy, = o owo-sep
prédabks  nhle BirQGRSRsHh daftn Félﬁcﬁ@(%l’ﬁoni/éisﬁ&ﬂ tsﬂep 360 @Qemplbyddz @fluding a
bot h conversion steps 320, 360.In" |

TeYCR{C VAR B3 @I%tpé%cesse)@amglys% SRARISP ai%?re%ﬁs b%t%%wctﬁ% deactor 362, to
coftibtdR Uy dffget BRI @ﬁﬁﬁhedh@kl@@ t&fn%@uc%@?né‘a@ ny ﬁﬁithﬂég)ftcﬁl%on monoxide and
carbon oxi de, and final product fuels F.
hygipgeie afrf ¢ | bypragduct of the RWGS reactor operation, steam is produced that is fed to the
electrolyser 410.
A source of carbon dioxide for the conversion step 360 may be a plant emitting carbon

dioxide as a byproduct, especially a plant that is required to reduce carbon dioxide emissions.
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out put of the conversion step 300 is a spectrum of
hydr ocar bon conpounds HC, out of which only sone can
wheooa®ed7s n fuel s. Thus, a post-processi ng st epCBH082006009710
provided to upgrade themio the desired conpositions,
0P R GRS ‘1E %&?‘EP@“‘S lﬁi“‘e%]é?t @H’a‘é%‘& FbREOGUGS SRRl g fgssil fuel

po&@xb[ﬁyrﬁiﬁd'@gdbﬁl&fg@s RIRsR0E cleauant i on 100 are shown |n
Figs. 5 and 6, and conprise a recycling process,

pl aﬁfﬂrbov SRS IR PR G BPBER ithetasban BRIYEE- plibig @‘ef%lre can be
citRdr SRYAEOE 2th Brbbh! AioxSRMHASIat A - mIHMRide B §bdeNRd 128Gl MB&Se in the
the energy input step 200 providing energy to the
re3giop 6% completig AR YeEsi et cpRen Aigxidp Exgarhoningfiogigeng
NUC ALy RAVE fthednGBE tPhS cbth mBAKIR ARV fsibs ét@[giif(ﬁ?&cludmg a Fisher-
breeder reactors consum ng exi sting nucl ear wast
Trepsele trsecess1 (0 cambive eehanp moneddsniand hydpgere é@,smdwd@@l emctrum of
t he I c r
hy&ﬂ%?e& ons %Bged Jﬁl J‘eé%ﬁrlgbﬂg rr%cgcgeaé S?ﬁg ce&ﬁ&hnﬁ‘é%%&ét cgﬁg%?l 6if step 320 can
indlyvie aeh“'lmhgtyTlvmcp FTY reantort 323 \WinledhsF’Dr@mou #22 emary s, syngas from
ste?egdi aP3 gl? {)19%81%160 o) r\&%st Agrb n ongmdu?rgr%resx s(t)md irp&ﬁstrial processes,
hose 0 In & art Pl re-pro %SS|ng
ang nbmbmalthas ohsté icavrbory ﬂﬁm@udd Weh hyalrsg@n oughd bfiok imahdditumi to, syngas
e e K3FCSESO e ER S - L8 o et e
catbyal mogexidd aspuistesésperifdAn covhibiadtionavithi caton divxide.
el ectrol n, el ectrol yser to f.orm,
St r o BB Simat £lus peRert RS ofte risthq ifphiion 100, only
caibbe Iir[mbm&@ B §¥cesdet]] O(Iiiboédﬁlﬁj}-lo%bbb&e» S%setﬂﬁ Iﬂeftelsrlalllg eﬂfrﬁ}ﬁlﬁﬁ She need for
0 res invention can be su ied to this
thes{{g}rf?sei”% Sﬁ'f}%v g sy §ten o diegrresept mé“é‘ﬁloﬁel Qlfﬁ’b 2lsggise a mixture of
ca®bh Edxidd LRCEdNont oh6ade VRt VIR ifREkhl Bbckest SpPHAY such a
conversion to electricity to conduct electrolé3|s

mizye RAGHANY (ydesar cad) @c%c}deqi V& B1essyngay qut 98 slgp S@Preand/or to the

caf®8RmdnB¥idORPLAL &) 320hhs rdigRda tota‘aﬁﬁ{ e rdeé’ﬁehh) gﬁt 6f the AT reactor
el ectrol yser operation, is preferably supplie

32%r|narlly by stean1generated el sewhere in the system

tfﬁgglrgfneo% g@"f' éagﬂn %%ﬁe)ls a-I;H&{u?e df&%%&bjocmﬂ)o%ﬁ&s based on

or hydr oge pro uced Int el ectro
-(GHonadisalandtahey peoductdpmwalghi widch i m@erpbleffei toetje ehetrolyser 410. The
0
FITRGiondt Sy Biomerile, 50 Sel Y SERORHARIEEE ) BrsfMling S, which i
copveets@rid staave ntvhicn caiO e wed Icmaetty ar potitecttyn apfa sduece of energy for
[ is fed to the conversion step 300, which, if
ekwﬁgy%%§QEH1of the present invention 100 handl es both
car iba hmmcmbcde camgbuady batputdirani e FTi gadtoit v b¢ eparacterized as a
ro t rocess n di .oxi.de
velRis i s o Frab s YRR fsmouft P e i rpelesifined using
kno@h exhigqses,abiyfeld faclaoapsunddAMRLsy tha hiyﬁ’viﬁfr&ﬁls W@gragas or refined, at
rogen and

shift. \GS) actor 362, to conb
steg ?Phadﬁ&@la& b & Py Bresatidis stspn 5)&&0 ex‘ideéﬂff‘él OmPesfipRsPf fuels F.
StepoEIX Alindlnge BYAEO PRIdessN (@péﬁ@ﬁ@déléiﬂt 2D thdras RMHr, but generally
reactor operation, steam.is produced that is fed t'o

SiEHe @it &3 veE PiRsessing styps mecdeds rﬂee i exigtnesHiie gilgghingsies. opuch refining
tedhRué&sony RASIPRD HbeRKIRE iM% L€ Agdth adkne &duhi ShyRRgEO Rom step

400 may be used in this refining process 500.
The present invention wuses multiple energy distribution lines, gas flow

recycling/feedback loops, and inter-process heat and electricity exchanges. The overall results
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di oxi de as a byproduct, especially a plant that is

required to reduce carbon di oxi de em ssions.me prine
wex@ropess3 01 sucn plants are bl ast furnaces UBEUSZH06/009710

produce steel, and fossi| fuel %@P ants usin )

of 8&@ aiely Wi GHaE 8 cad pf e sybsydemp6h ﬁtﬂ* iﬁeafemef%fﬁloe » and in
systen-id¥ e R i ﬁrbvﬁéiﬁ BREMRAGYInGReferkblly St BadtidonLofGhNelResy input

either separated into carbon dioxide and carbon
to fhenpiepade (or cpropleshen Be clchicky weeerptrd thghe @xelpyr Py pland) is
ulti"l:lﬁlli@%< @%&%dqg ﬁl\é%g%' RS Vaﬁé o Q&nlgﬂsf?efﬂ Slpd: SuekAr bon

he syngas 1s then fed to the carbon
mon®he ghstegoefitbe picsmt dtveprica 90 Hr@fblcmbmgﬁ@almygwéldcts as its outputs

are f(x%gsa%ﬁ &?%ﬁeslﬁ ahcgtlgqupé teﬁla(gfbc Pﬁivgx?tbo‘ri’lnﬁo k;)rowdes a critical

rovide @ spéctrum o rocar bons based
extemahtydmthbt mreldmed carhoh d:laklde Tﬁefb@fadlblgde iserapsenbleuse gas that, because it

conver si ste O ca
is a %rérgct% con t?/\%l ﬁ ?lléeas%&ga tg f%ﬁ&k oggvgﬁflﬁge (IEDaes, such
as gy Kyas® Hrbtomlsetnéma&ﬁﬁl andtreglmaaimemmmsg lHgelationsuse wast e

carho x i ndustri al roces
RS Brmn e e Tl SR e v BRI das g B PR SR Sepion 100 are
mani 9é2ad tr@fispoi@dtioh fuedy ihich@an in@]uds yiztiastape adiue ﬁﬁe @a}solnlieamd sulfur

RWGS reactor 362. is known, there are nu 0 .
frep 5o dOdeD! et T R SEREF B IO e dad WGt Ster-reatment in
vel@8lBE CORd hdbahtagL M tRisRten df Wiel flesent i@Mtich 000 Bets dbilitp &eproduce a

preferred enbodi nent of the pr %Fnt

Vafb?‘lé%%‘?ﬂdchﬁKPéﬁF?IBPP“i}éé“e oritipthens aﬁt%%St X gf%]; §¥ SShtrol available to

1aRF 85258840 altfl0he CAIDGMydtR¥bER L i bode eyl syt ticul
P el ?ﬁrfnat eES) at he %eeél) foryqt he R\/\GS®m§(§lcr)lceist 360 g ﬁij s partietar

7
pargipstesrAt diie mefbodsraad syften. AeH B, theyeatie 9 cup g dg and hydrogen
fecm a&‘tﬁc%la‘?fFT%&}i’&E‘ By Ot %@C&nﬁﬁﬁ@%@ sftﬂ%%?i‘éddt% Bfer¥@Syfes of FT

rom I ndustri al processes sup a m xture.
reaAm i i rrabsitly do aghéave chiferp calwéaatp@) of Hiesalyfhglagaselifep t fuel, and

otlf%f fu%fsg)gbg‘lqge 1o R0 Qlnt gf’sy‘hE{;s dﬁ]ﬂé bon nonoxi de input to

as require t the desired output of
t heTﬁa systarc ofothe 3®2th Tikven i WOGQtdpiwb@T int flyesherPefad etogt including

pre}%—%ﬂ e%zb%fharﬂ&{ic ﬁleQ/ rlé}}égglg&ﬁ%&??f tﬁ@{m&#{&qs based on

an 'S wa which is
preEamgbﬂﬁﬂhﬁthothe el ectrol yser 410. The FT

reaction hl & x0t h .S _Lenmyve by
| e ai%‘ te&; 8€ hg ﬁ%e]{}\/alfl‘éefl 10%180 hncogpor(:a?)f:ﬁ JEY retral FEEY %tlsgrébrlﬁtmn lines
wiﬂd‘ﬂmmlsmau\&etypaeﬁ edebrgy? tihdsy eddctricnaidrieat | Bxaamlea of energedistribution

. of f t 410. The.h
i, REBEHEL P BT PR Gk Pt 378 an Algess one eleciric energy

disedtrion ligd (B0 ia6sed. ML ksdm@ile, @he BDIOE a @bhvenfidhal thede- ﬁhh& alternating
hydr ocar bon gnﬁound like crude oil be r el
cuTLSIseR ARHeR SEHAT IR OPSAAEA A PRSP ioTahp e i igage in

10t308VMEED & B2 PRic@ded iR BiAGFluscAleldcicipase: geﬁl&ra&&sﬁ FHowever other
500, including a fuel post-processing step, to produce

voliagss ¢as bp e oneaiof ynPeefic melssas prouty éﬁ cgppoplypndersiood by a

petsBf b&lBindryRRA1A tRMpCcessi ng (upgrading) plant 510 that
Is simlar, but generally sinpler, with fewer

pr odBmsrayg cenesaiers BB ASERTS L AnIeqicd ko SieiBRY- By thisesygipm. Generators
ard ﬁfefepa%w &5 sy§HﬁQnJu§ft);p@,' QB ventionally controlled to match frequency, phase, and

voltage amplitudes, so they can all feed the EDL in parallel. This type of control is used in
existing electric power grid control. Motors are preferred to be of a synchronous type for

controllability, and to realize higher efficiency, but other types of motors can be used.
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techni ques are known to those skilled in the art.
Agai n, sone anount of hydrogen fromstep 400 may be

W@ s@d/ 099573 hi s refining process 500. The presenPCTnmmmwmm7m
i nvention uses multi e enegggﬁdlstrlgytlon | ines,

f1 ol # BTy i S ReeFe R ention 10D - Pgte a5 BibEsrefayagistribution
liné¥) &sﬁibﬁﬁﬁg heat, toy tlﬁﬁﬁzﬂ%ﬁ&ﬁ? (asl Yposaab @lektric @fst}St@foubitit the plant.

various " nprovenent s I'h each ot the subsystens of
The heat gisaibatien Jiney GAPLHM thie oysteamern aﬁceg)g, fromijadsat sources, and deliver

1W§E$Aﬁ&@9§*ﬁs provide a system wherein preferably at
east 60% of the energy input to the process (for

exaHigise corfversiontofi @ werldng fluid i ysed imtbe heaé disiputionelinesc Eelyrline uses
twﬁ Qé@,@lg/mpg ag&fe) ofI (ﬂlll& b %h%r &Y op gfthé&{‘léc}ulil;tﬁ bgtll_lhgcjgose to the boiling

eati ng val ue o ust1on out
tengpesat@mand pltemrqueh@morkmg/ Enidi theI(l@alpciedide @srequired, vapor is taken

fro?negneefhafflo? ltheq}/ ?oqlﬁg&sgt% a3 dél v%reﬁ% &%tlﬁ]g?drhealff olfqll%eslm I'E‘E%)ndensatlon

heatny eeﬂéaserh tolﬁ)alsqmrco:fvhedes%en rthdre wh next &r tahet heay, then figeitl is taken,
car,bon di x ide.

Rt S Gae parer BuS e T PG P eloBafent ingoppumed by

ewﬁ@n@b@bﬁ%m&ﬁ@ﬁhmg is the subject to a varlety of

nat bgz\}l]mali% L e%&@‘%@ﬁ%ﬂ t]i%%ﬂ%ezﬁ‘t\é%%s%%?fe%&g{ olﬁg éacié)g the five heat

disdesmeon hed, the final outputs of this recycllng process

of the present jnyention 100 are nm
t r anFSrEat igpreletnglysat t%ﬂp&ﬁﬂe%\wmpﬁfer%%fe IFS%W&% TERAQY 792, preferably
in &ilrfdse of 2@38@)&@0 It NrefREd Shibbdieht! BE ofdr@HH)] teﬁlbkﬁ‘ﬁtuﬁ:fof he RWGS
osi tion reducing or even eI|n1nat|ng the need fo

reaaforngﬁ 2 israpptoripately AOQ €k 44 this terapreatirgy it RigET8d to lrfﬁe§thylene glycol

as 513’6:%&/81’181@: f14i8 & RhGREWiuill UGN 5i8flard Bt 08 Vhﬁo?mﬁ’tl‘tﬂnl drddYsifaflar boiling
produce a variety of hydrocarbon conpound fuels.

proagie Aet00Z ey Blnis Sigre HIDY. is meedo dpagtdo beat gnsaming) gagapantp 43 WGS reactor,
an& Qo Blalm} haREh 3&9 rréac'icﬁl ﬁleltf €ls {h@ GRW@TS' @a&’l{on hé’ gfl&ﬁm&n In further

nmpounds produced a jUStIng particular paraneters
de@tlptlmhmmh dds flmhdﬂyysmé rspmﬁmne%hmﬁtreed tohtdisr e &8 FRWGS-line”,

deﬁcﬁ‘{ng?tgr@&]gy Xk n 8¢ h%ﬁﬁ 1t9ﬁﬁ%ldh wEt aRAL1cul ar FT

rea varyi ng syngas fed to
di f Aesentd HIPess pfeféEably edctho rowratnug tesnpeodee ifethe FT reactor 322,

di ff
pregerg 1§\1/I§ gle Irargg ! fgéq %btgﬁgtltor %%eelrfe(%ﬁelc}glilat gheu\?lorqulg ;ﬁﬁnd ({f t{us |second HDL

is avaetink vedd Bydoghlred mpdlhucla'dﬂ@owsplem ofit is hdsoproesidatio use a separate

copFRE e 7 ke 5P PETRBAP S P e woHing fluds, for
ex@xﬁlbls Vet Y@ 1B ggfcol; Bl éxeMAiat s@fe orfliedtdty hEAtSito itisifdcomd HDNE $n further

stem of the pres i nventio 0 or poy.
de%ﬁé%?% er@ﬁetﬁwhlm wpr mﬁtSPIBﬁIWSH@geﬂ%F ‘ﬁtottb%(fla? B Pﬁftdn? gdenoting
1m%%&ﬁ%m@&mﬁQﬁFSWahdﬂ@ﬁawrﬁﬁﬁw%Héﬁwand heat . Exanples of

energy. distribution Iines_ enploye y the presen
sysﬁe%ﬁf@l FDLS @i tempperefuge ofpvategin |ﬂé=eré%ctr81¥éeré|18c Fey f‘d(ample it can be

in QO@&SIVC%&JJ beEdb®inl 1I3OQ46@E,D}a}1gé SThSRAN pifos¥ AR t8rd HDL is to
one EDL is a conventional three- hase alternatlng

feedithe elaetradyse 410 with gk and/et steagut Toim thirddDb parerablygiseg water as a
wdikit @Mﬁntlhq{i'ﬂer Egs%ﬁ?ﬁ(;nohe%}ﬁstﬁls \fl‘HH ﬁ@ﬁ \blﬂ sBHl@tu%Qs gé)reke%ed to this

range, a range prac I ced I n commonl y- used el ectric
ling eveli-lipd nédangting ¥s stedoveayiewith ant ‘($Erand its water part with a “W”.

A fourth HDL is at ambient temperature, at 25°C in an example of a preferred

embodiment of the system, but can be at other ambient temperatures at various locations and
16



10

15

20

25

30

vol tages can be used as dictated by specific needs as

woul d be commonly understood by a person of ordinary
W@ R0bI0995M3 t he art. Numerous generators and not BCEHUS2086/009710
~connected to the EDL in this system Generators are
Weppbestop@EDYE Qfthia s\t it 5rPORILIng e cag 60 EAIGR g figerant sed at such
am%f%ﬂf {eﬂlh%‘ﬁ&lnréso THR Ufihaty ﬁéll'tﬁrlﬁﬁ( fo@ﬁ‘)aﬁﬁL i8R tHeOi)Jo@élﬁng of incoming

so they can all feed the EDL in parallel.
andrimugomg peat@ﬁalssorin ferithei slespsipioni heresa) $his fepri rwdl sometimes be
[ o) Fol RN f.ehr it ¢ i

o 5 e SOOI Al B GO L1 P8 B gart withan
“Lﬁlgher ef ficiency, but other types of notors can be

use | e :
e Do el & cbllne Yampo G PO Bbigg sopator 372
on|Rige8s predérgivly iid tei mgeehefat( t@ 550G Atahis eevapegpryreihgs preferred to use

conBBR et B B TiRos Pha TRECH S pauifEna tfing pucs

floagxpeptantl @ain fhe @aiban deaidesepraes , Inafutthdeletarigtiombatinf tisaline will
heat user hase conyersion of a workin luid is. .. .
soRg e 1 TEREhBGE B St FIbatTBHOF (ot BUERh PR ds iquid part

withw@ ‘e eservoirs - one of a liquid and another of a

vapor of this liquid, kéigh close to the b0|I|n%

t enﬁé@&@w@ é‘i’fﬂcep?fe?é’é Germial sRergpis IBUAgATROMEHP agfgrste hoat that
ca@ﬁ@ﬁse&i%b&ﬁéﬂmgﬁt& e1eitié @ﬁ&gﬂapor i s taken from one

hal f of the |line, condense and delivered to the

liquid half of the Iine. Condensation heat is rel eased

to gn ﬁhﬁﬁmﬂﬁéﬁLuM@Ethaﬁée is a need to take heat,

then Iiquid s taken, vaporized, and delivered as

vapdhe geergn distribptien Hagst shopldteebalanged, spxthe ingamingegneraysshould be

YenX%@P Ofit | Qe for wat

e 15 SRG R BUAP VIR, i RERE AL W hers Qodiio encray for water
eleceolpes and) memerbm metorh dnfmg lsempriessorsharalt feeld semphulti rgepives electric

' r e ti .
en%réﬂ‘ger a@lllﬁléer&gf élnrsdgtgc %%éé&lca%’ ‘%ée}r e&?‘g{c’% i ed ing expanders
com&ngg Imﬁt %fgy&@aa:ﬁ@ in khe El“ maebsmrehiroeglbbtdnmgmf residuel gases. The

t or 362 is
ba%gce K 3&6% ﬁ dotfy T te ae%%lé%ezzt(iﬁr e, it is
pr efl‘ﬁas IR@@GS-(DmeJ $£ba&iﬂayd ang pgﬂfgtﬁaﬂl masiet be avieakpungp 8dliverdng energy

or ther flyid heat .of v ation
i B e ool dhSu Pt B mite et 00 fplesRss of bat
enéigy ﬂ‘éﬁdhl@ﬂm% Bﬁ&dngérfiné’l ﬁﬁi"aﬁbﬂtquhmg gases into a RV\foS
reactor, and to deliver he is reactor its
as Uha Pr&fescsd ermbaditesnt e é*ﬁzlaieﬁérbﬁﬁecedma*rw e¢ping fron cooling FT
reesgription herein, this flrst HDL MA|| soneti mes be
referred to this |ine as " ne", denoting its
vap8t agaplereg embediment, thsd%rhp% & Pal%mpfb by et GRnips élﬁm cooling FT
rmwkxs A second HDL is preferably at the operating
erature of the FT reactor 322, preferably in the
Nt oPIEiaEIaEEbGEnaT dhes Aies 51 belneERaRy KhbvaBekmSEEy © the
|
entlllr&{n%{xl " e Pé ﬁgec' %gfg%gsa%%s ngreﬂﬁafl Ze{ﬁlfgg?sndﬂsc%qsdn%d by the process, or
copestsd b deatricitys dha pempryruat eamhmn sprge hertipg fespecialii iFaold weather, by

coﬁ&e@tﬁﬁ Ok - 11?1? %Epg;r 1&? hg&ld h 'Ifgtﬂgrg 1st I?JTPe%ﬁ"i'ﬁ Hﬁseﬁ‘eay %ﬂeﬂgh &h h)@ rd1351pated to

the env1ronment using, for example, a conventional heat exchanger.
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exanpl e, ethylene glycol, and exchange sone or all of

its heat into this second HDL. In further description
W eeeions73 hi s thi rd HODL wi || sonetines be ref eP(E’B’dSIOO6/009710

this line as "FT-line", dengting its, steampart wt

an FeSCoRGiRC coRStpRay thﬁf&rSPOW b2 fypiog) temperpiyre %}ffﬁmceu between the
terRper@ub IMEE BhvioBmeht Wat 6f waRkr t RBd elee@ipladiiebs ddOlind-00perating

exanple, it can be in 100-150 OC range, preferably in
(baili) Tepapegedine dintfis linpisen beavaricd by fe@ulating Pressiig. ¢ hi rd HDL

is I

o1 o PRTSH SR BYRERY AKER L BRaitcl By Wk R A6 bving crcess et
andvd«ﬂkVi@l‘i@iﬁtQﬂl@IAlim further description herein, this

third HOL will sonetinmes be referred to this line as

"E-1ine", denoting its steampart with an "S", and its

wat Enexgyrlbpmi th a "W. A fourth HDL is at anbi ent

t enperat ur e n_exa . P r :

e o0 s 5 R 00 el s R, Hlesfhieb iy T 2ag s et
gehaiped bah uelsargiroceay. | Bihde Imanﬁtypem sf athae ptonesses can be used, if a fast

ndi tions of thi

OrcEORSH (B PT AP ONGH P BLEH GO e BAGATAT tibal of nuclear

fuethe primary use of this fourth HDL is for the

pro SSIn I ncomn and o) n naterl

D RS Syt o e pregmmt o, 10D e 48 498 st o € heat of  fission
reR@TEL] BBST b@r&e@fcﬁ*rdnefgytt@ delibiatel LIERri@G Cof-bd B For example, the

denotln%ﬁlts va part wth a "V', and its liq

etficigncy of fp sypme ph the Erefqnf iopeniep 10Q ang the apgy) fs/ﬂugﬁmﬁwecan be met not
onBP8Y Alcldaf ede2fiD BhLALILY, %or@xaﬁﬁl% bl%’&lr&'léé&lcd& Wi @éxﬁ&a%rs %Z Zhere is no

on ‘Fig. 8, prefera y in the range of -50 to -55
waale hepf mqitadiieq pn pueipk souge gf éﬂegx edVhils ngt eptwhq%ﬁﬁﬂ fuel electric
poGV@Iélhﬁ?Eﬁ%%séd ke ethylene. This fifth HDL is used for

I'ng and cooling gases flowing to and fromthe
carbon di oxi de separator. In further description
her soneti nes be referredto as the
%aprﬂa%l? F@ﬁvge%%s vapor part with a "V', and its

li qyl d p@arbumlllhmdﬂCanemm addi tional source of

ﬁ\e/ gltda?qglgt%loé(;h%rcnmers? E%férﬁcb nﬂHl(f\ll tﬁr%gglpa{oﬁ’WG%rg%tssr I%gftAes shown in
Fig.n ragyrefekabér ga]bdh &bndcb UOIIVBTSlan syesmBaimgnisésnap KW Sereactgy 362 that

di stributi on g hotul dbbe bal a(pcued, sgmt hea1 iar}g(%rcr}'nn% ent
CORYEY SRPOBHRf °B Oxilgdr FEPRPGETY By et S gagent.

el edhébﬁs&ire@htﬁhﬁsdslﬂél'lm line delivers electric energy

for wate éé and nunerous notors dri 'ing

conpr ess Pé s. It receives electri

energs if b @eWefMUI@fe@cuﬁmg:ﬂﬁ i®xpaNBeNS ceuffidibmtgo ebBeit Chrbon dioxide to
power generators, including expanders caonver

ng heat . ,
caop PUYPOFIEE iSdQB FPhiseasers If dgd¥ ?%edoermttoﬂw&al@# i PPy nvention,

exBss Bﬁﬁbﬁﬂlﬁ% o838 Bth chitdn BA)xARGBI Hﬁdr@éeﬁciré uSed@6 BlcA¥sd the amount of
delivered by an external source 210. The RAGS-line is

cagpgn Aw@edds-n a preferred manner by a heat punp
del Y€ b inBeht PRy BYpeh iCMRob e oF foth %? 951&51%1011“5‘ HRUPRGHL te tﬂgcmtor and

systen1of t he present I nventi on here are uses of
(iihaptto a desired level of mixture Hy/CO (syngas) to feed the FT reactor 322. In this
embodiment, this ratio Hy/CO is around two, so the amount of hydrogen moles is approximately
up to three times the number of input carbon dioxide moles. Depending on the FT catalyst used,

other H,/CO values for feed to the FT reactor are also acceptable.
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energy fromthis line by converting its vapor to
liquid. In a preferred enbodi nent, the FT-line is
whadoatewsds by heat coming from cooling FT reactP€BHUS1006/609710

pre r[ed nent. he E-]ine js bal an .by he
com B‘ﬁ]n%d’é’f lcli"l‘{ e 3t dhg gput of) tﬁe éeaﬁ’ioégg? F%Uefem%}y enough to
acFﬁB@dﬂn@d’ﬂé eoriv&‘éloﬁ'ok indming cR@oR AfeRide RY a S@ddtaaepeRiting temperature of
ener gy to the environnment. This line collects exce

the pRaeion |36 %-neﬁqg;ﬁwaplecah%me@bwmewe ther BWEEY pragess 360 has a 400°C

op&ABYE fehBerahuPe, h& Qttlﬁrb&'stﬁ%’ b RWIERS Rhd 5B i¥h Hﬁé;ﬁneﬁﬂte REpdeflion of steam.
space héating, especially in cold weather,

by
In gaghyaflasi gagaproximately o pameramepunt of taghon) dionidesis aequiredh at the input of
the"fe%jtoﬂ thah hﬁc%ﬂjx?gaéarb&lhﬁ&ldé &lﬁlﬂl}bﬁaﬂbﬁé 'cﬂﬁﬁlﬁ&eﬁ‘?%gt R H,/CO ratio

envi ronrrent usi ng, for exanpl e, a conventl onal
ondRec PrpiIt) és neRD? valuopfd Bhicasdisiondlquioon, ofchidere diokide Il&ihmrawded by

a 118%%%1 %looﬁ SR @tae{{)reasgélﬁljl}? LEGG kh? w gn J‘hﬁaédﬁgﬂﬁrsﬁ{)ﬁ{/ Bf carbon

environnen or VVa
digxédepsrat wowsugled tihitee taacter, b@:)elraﬂatteﬁgtk@mghllt m[g):hange the equilibrium

concﬁpgns fgrt & IleearI 'y cgmh%lete conv§1s1%ot§§e ?mlentgﬁ:% en i %% d% 23 pgss1ble The

erre
twbahaamsemf dayboa dma@de (fiestpas eEtbyd regycbed) e&sbehﬁﬂtedaﬁ]d conventional gas

del 4 [ it to the A-| t
AR 500 e R s AR B e GASARs e v
reatddd. usi ng heat generat ed by a nucl ear process Wi | e

f f
br o S FRBYE S BER BxI08 Th Ik TBple MR ICRERB R e B! hydrogen

fedt) b Cth ) Q?&aﬁn@ﬁni;@ﬁluﬁe Sdﬂﬂl@é RwWES r}HaQ‘JuSﬁirarde&{ theTR@nber of serially
system of the present jnvention 100 need not

use
COB‘?eICEj"Fl ﬁ%?Ftober%%eP%m%%‘? sigpmbewees e rtdeverrhydiogeyfepd or at lower

teriRHAtERS di’fw1§1ni%5v9ﬂ’re§1&o@ eNedRE eth@rle e&& @ﬁt{gtawamarg@leaﬂ&ﬁ@ of carbon
or exarrpl e, the efficiency he syst em of

digyidesia e repxpinopi ind gige aprga-t ﬂéﬁ @flwptese oldgtiing éﬁéﬂﬁ%rsaﬂtoaﬁt of gas in
theb?ec?@le IB% Oy e %llt-%?err é?&%{cg)ind kﬂUét l%lssgg ’negd%ﬁ to maintain gas

exanpl e, hydroelectric or wind generators, as there Is
leﬁ@amwésm@ﬁloneqw red from an external source of

enengy ou%\hﬂ %feaﬁ]lo&f dﬁﬁ@ &W%é ’rea%%?é géeéeillrs{s W B%asrt%g}l’q\@gndensation

plants c e use nver si o
seqbion 368 candghenethgiugh aCarbon rdlcmdmiep@atgloh%rlsl apn einbodiment, the steam

co e%ga? ﬁ?ééﬁoﬁ‘é Ig és'%r&oﬁ cusC t QR Teer 6f@)llowed bSy a oclkout drum.
lg er cfe (%)

e car Versi on ’sys
The mmpdans@swaar RWGShe egatator 366 2:an ﬂbatfed: bakewttbe elecmiysag Separated

oD IR SR TR AP Bl PR i
separator 372 is syngas with a Hy/CO ratio approximately as beneficially requlred by the FT
reactor 322 for efficient conversion and, residual carbon dioxide, if any.

There are other well-known processes to convert carbon dioxide into carbon monoxide
that can be used in the present invention without changing functionality of this apparatus.

Operating pressure in the reactors can be in the range of 4-30 bar, 20-25 bar is preferred.
GHSV-STP (Gas Hourly Space Velocity at Standard Temperature and Pressure) of 1,500 —
15,000, preferably 5,000-8,000.

Steam is preferably separated at or near ambient temperature, which leads to high

separation ratio.
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CO2 + H2 CO + H2O (5) This is a reversible reaction,
and its equilibriumcoefficient to convert carbon
waelr@xiogs7s o car bon nonoxide is ow For this rPEBUS2006/009710

the preferred enbodi ment of the present invention,

ex ceepgTaghrioh seRpH giogiald deom Hst QiR B P drcgished g raditional and
cutiH TR, l% Uﬁfe%l% %ré\aﬁﬁteﬁrﬁﬁloag‘ SRR UN Larfhy %P@Qﬂﬂe absorption

nonoxi de. e anoun hydrogen i s enough f'or
processesc @mwﬂsaso marb@aWap@r:esrsqss PSSt éwrr@a@bserpuamdactsmp)lom pand gas

el f

x{lr%eézi._n.rea?ﬂeo%g?oél#e? Zﬁxdg{tloﬂllﬁ; l&f’oﬁg% F’%Qzﬁ%ﬂq sf)gsstrﬂge bzeIGWenng the
tenhifaB@e. apd _arrcmsndg pressuresmdetepproptien @rqgtssm@pmgmnsmubleélat only 15-
35%;aorfbc§% O)él%o %}bl%eple%t(f {hlgr ﬁxg%agl {IES raE E?o E@')el%l I?det nHlldf/mol for
exanseel at dt)heifSSPizzmwmmpfesnura‘ eed to the FT reactor

are ce tabl e "
MR D5 i Birhcey lisat PSR rERRRRY stshofighs gfiomes. o
thrécptiady 6ned 03N BIEFZ Wvieslidddedringl Zumo)yicgbe asel dor fdtthmlreiﬁactlon of

t sel ect ed erat.ing t rature of th ctor
carbegy diopi CERENp| The TPHUE GBS HENTL Rerfiropiied TP ebelg upstream
prc%ﬁ@esj”laﬁtb@ttcﬂ'oﬁ@@eﬁ&ﬁ@faﬂy|cBﬁlsuhﬁEhmﬁlﬂéﬁ ¢Hr@in @jeehtidg conditions in the FT

ree-stage RWGS reactqr with internedi ate separati
Sugpsogaid 1n SOE T 0eL itgHll bepErERY hf&%qé? (Bt 8h s Subassembly.

FuRh&R Udtmedf thRE PRIBed@E0ah 48 vs&d §e§ﬁ’éil|tlﬁlg>d f&t exhﬁﬁle' &9 eniéthuefactmn
t he reactor, than incom ng carbon di oxi de nornal

to separaea Bleamaenti Rt Gaeea dliewide Tellpaveridiyceirhen CFE A absorption to
coﬂﬂﬁcﬁpstyn%a% t§ @%@mﬁd\(ﬁﬂb&? df?.)gudg level) i 3-206) 1LveP RRhsuMH MolAfol versus
carbon dioxide is thus provide ed by a recycling | oop of
canbpi Jlopedds. dn f@@é@t}fm GryegenisHEROf sapFratgr, v@ter Tioss must be thoroughly
ti I
refiR0 ORGPyl mEPOP0R H) U frafld FERTAMRE phdbosses
eq uAlnpﬂbcn meferblediatbion dipxide rcom@rsn@aaystamde slpsivent ig Fig. 9, and comprises

LY Sf{%so fAst sjﬂg r{ﬁeq % %QEtQ &&rqgcu%ﬁs B igﬂep E&h reactor,
« tiRg By e L0R0 shp s

StTedmns of ‘car sh as Wwe
andemyalcatjg»nmamd@sapmamdtthmmlQfdtwgarmess;nal gas mxer 366

o SRR IeRERTE o B R B IR SR i an
thdl‘.ﬁfb]b@ét]LﬁibOl)enﬁﬁall of at leest ieayaiant.| oop depends on the

T o2 e ST 1008 RSB AL BB e s

in@afRentoedn LSAChekStigt RWGS pat ot in@tbnﬁlﬁctﬁh&rﬁm (Destereerdmoval on the
them At |ower hyd ?a%en feed, or at
T

O“Ypéh?)félaﬁt fipgeand Gp g edf‘@%é‘rcqn%%‘&a%?”soq tﬁeg’QFﬁ es, there

I's @irgllst l%%ég@h'lﬂolﬁraécg@énn@ff&um imefeaAr B30Me @k@ﬁﬂ dﬁt tHa resulting
the recycle |o nd, vice versa. One advant age

SYRERY Mg bavel wpste 3he gt i T/CQder thp uptamdisrbprel rPBS&b ragtor 322. In

onb Balindid) @i €rafb & w88 Bloree! €Ctric and heat |osses needed
to maintain gas circulation and separati on. The out put

st r darsrigfy theeR WSS erdion: be g RYESgedorsI82tip thg gpbediment is fed
wiﬁlt £ gﬁleﬁ:gl OX&Z‘):I lnpﬁl-:la?l%ﬁ t1:(‘) ﬂ%u@@ﬁbonaﬂgxlﬁg‘ 884 fnlafaP g&ﬁerﬁ‘ One mole is

car separ at or I'n one enmpbodi nent,
usegt teaigruce carbon dioxide to carbon monoxide, and two moles are left for efﬂuent syngas.

Next, the carbon dioxide input is increased to the first RWGS reactor 382 by creating a
recycling line 386 from the output, and circulating it without conversion. Approximately one

more mole needs to be added in the circulating loop to one mole of input carbon dioxide to
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condensati on section can include a condenser (heat
exchanger) followed by a knockout drum The condensed
wWoR0e/09957dm t he separ ator 368 can be fed back POI/UE®06/009710

el ectrol yser. arat ed .carbon de is e ed to,
ctoli s HRR Y TP B TARARTFe B AP TRy 06, 194 Bafties wit
thetoRthd@orSRRA:BAEd indig 9. S syngas with a H2/COratio

approxi mately as beneficially reqU|red by the FT

r ead b FarBap dipgide sppvesiantysieantelig §aclisPn siean gpgal and carbon
didx e @R AHRXT A@irsti steafN¥pardBEB62 BfoveS BBIm Wokl 0O bas of the first

processes to convert carbon dioxide into carbon
RWigh osacpe 38hand badoive saswertisrrondisonsrie sepfinup giabenr flignide conversion
in gg SQ&’)HEI lﬁb‘ég %389)1 %ﬂglch's 951@!)1{ L%n&fldet llf’a!s %ogpé%ﬁrréﬁl d, the conversion

ating pressure 1n the reactors can be 1 n the range

rate pf the Sf@om:eact@(ﬁfi%wtb e smgleptheh dherfizet reatBY8BTP ( Gas

2 9P B S0 L FSPROBI 5 gons v

reaBtoe 388, i and by eforgatol yrestepenmditieds at ccmtmuaecanrbcmrdjb;édﬁ conversion in the

thl};delg%gfsggi)céc}r g?%i\glAﬁ.S?r{)%lh?g%ohuod&FlggP%ﬁ)e‘? rrg%o d’] the anve{smn rate of the

thihBre CaGopP Ivmlshednabw tham dhe tsecond teaatod388ur r ent  net hods
The . c r ent | y rev f hods j ncl ude var | f
Ao A §Bm B 08 B8 TRl G Syl Rl HW ' reactor 304,
OnhO 6 @RS thiPePHBI4E, %fﬂilMltrlgﬁts a&tﬁﬂgﬁsfghgm,of adlssmlreﬂtJ(Jm—I2 rafif@nd carbon
as perneati on, anmong ot ers |t|on o eni c
dlcg‘éiﬁarﬁ‘f-‘ﬁ GATOR diyidde; 1p FRPaRNPd) US{HE 4 S5BRTRIRE Me ﬁﬁ%? 1@ recycling line
386 Bk onibil8A & icAOmRXELIBUNiEh HESHEhg SRPSORGA i $84pT OCESSI Ng
condi ti ons, such that only 15- 35% of carbon di oxi de
may Hsemgasicontaips smallerymoust ofydepepm thap neepsiaay fspfed upstream to the
F’[‘YQ&%& Gon 20BOAR hydrbSh f%%l@éu%lysamo%@u b0adfaC and
bar pressure. Mre |ikely, using cryogenics,
solvent nmedi at ed processes such as Ryan-Hol nes, or
t hr ee- phase dﬁ§Q $ CFZ (Controll ed Freezing
Zone), can be use urther reduction of carbon
di oSEh@iBV\éfb’hteeﬁprs uFétkinrtespreigal systgmbd thedpresentdiavenition 19@can operate
i h r SESe t.er
eIy BLF b W okl Nh ARG ARAERB-C 1L BELNATa prefered
embodldlenu on°sn ﬁmmmzery FeRtagysh as K&ALCO dHed tphatucerb by Johnson Matthey.
Ope1lrJ ‘?13% gre nsoulres cal'n:Le thé reatngg Qfe ég 3(? QC kW}tl(l) pre?eé%ngs or hl%%er {r{gue% to reduce
ovemh‘, dizs eiqthe nﬁserabllyy A GHSerqﬁ i 500@15;00@ mtkrab]ycﬁ,lﬁl)e&;QOOO'Mused.
iﬁ‘? tethe orlt of . caxg gllotmde d.. t th
réf “)(‘3#26‘2)‘}0 ’n‘fea“ BEFPL PEAR e%o%laﬁtpreéﬂ’fe gment, the
sysltéin af despreR: Dacion 100 axdsda 1bcﬁh&‘1|na1 dp@radiod Ql%lﬂgeWE]hm plus or minus
1O%$%tHred in nmol /ol versus carb noxld

R LRGP Pt ASBFRHS 6’? W@rex@gﬁg P%at ﬁﬁlé‘fered into a

redaaoﬁ hére Grah by exXtem\vice ADSO ERinkld) o P eeHI YIRS ddFRYryi§stem 810 is
sed as_comonly practiced in cry o%gnlc processes.

ilygfaie ah Fig. dPorPabteEC BYHEM OfR YT HRE Sy rsbip fixprehat & or near

1so‘§ﬁé91¥iﬁll}ﬂ @]I?] chiftally theAOWGSAMR! | BWESAinkNap&is 2fcP@EivENBR cAlenser coil
shown, ere are three steam separ ator sections, one

813+ t éaposaedndemss cdrieleasscopfienationchaeh ovhils @sin@ining phase conversion
terﬁﬁe?ﬁﬁ@.t Ofhefesitine v@&ﬁngfﬂuﬁ&"% R{eQ&8Sifto the liquid part of the RWGS-line.

Released heat is consumed by reacting gases inside the reactor through a heat exchange process.
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The RANGS reaction is weak in the direction of
formati on of carbon nonoxi de and therefore requires
wWOo 20mwds7df at | east one reactant. | n order toPEDORI®VE009710

as close to 100% conver sj a 0ssi bl t he syste
© he PISTaR e TGS - 19 041 §58 SoarEied it St piststucton,

althQRE HR sebdhd @AM HEMAGEACRs ¥dntbh sfnbllersb GRMrECARMS coffert BSer amounts
out put of each stage and (ii) increased nol ar

of esbrredioride nsrragienpiEoriAp aRd premessimalleria vRlymesge MitEPar
CONGRARNAES Qﬁbaks%nfbﬂprfaﬁ ?ﬁﬁgsstn@t (Srﬁ'f—‘ @ré t&Bbn LiBake biiso a mixture of
resulting syngas wl ave u he right ratio H2/CO
cabep dioxisle ppd cp WP@@%rTfﬁ' @B@Eﬁ caneb@; pgeesszbthrqugh gpgy two, or all
{ by 1t Al If
thr%v\%ml}e%og%?%%d 1%?0#39 fak g fintRorPs rgigcggft cg;r%%% %Ig)tnlbﬁl 4 toI 5 on dioxide.
thie pdsiodis rsoyatleri tharf gds weitip h:)nathmu@pt ofathe dirgifre®tdr ynder condition of pure
Calggll %de?c{é éo?lvér@i&gt %hgl? raﬁ Hreg 'erfé & w%% %e ’H&%&r "I%Q% %&nce will be in
e nole I's used to reduce carbon dioxide to car
redwostbamaleyt ofihydrogun neqlied far edhceﬂtanfocnt dfoathmnchom}m g&lge same rule
w1ﬁled(eg LHe.C aregg{] 8?5’2 %d gealctg)rse arte 1‘6 UI?C%; egsy%o?eﬁsmg 0? thlS mixture.
Ul@abtelyy i whlylverbonl ifoubdxideis dupplhéd‘, uﬂeatnlo Agactdl's ave tdquimtd
conversion. Approximately one nore nole needs to be
added in the circulating | oop to one nole of input
carbon di oxi dﬂﬂtdrﬁﬁli@at €afhvd Disfhige ofivdrbiby' TO0%

conversion in thre reactors 388, 394 |
ot AR LR SRt R THOBE Wé&ﬂi}ﬁ Bth TpuER gn RIVGS process
360.hernerr 2R Minthét GE A AIoHE @ iy RWEBS @fockdsOthatSwilleddt 8nificantly
n steam renoval and carbon di oxi de separation. A

(0]
chirep e %lf@%—stéwpéwpn gbeThoBRRASEIdS FRPATER(S AT BPEISuent

9aSFEf etddld, | the tenfPlERIrE %@%a@ﬁorsﬁlztheat@ﬁjct@y cgﬁ’ 'b@ Gedfled. This will
creates conditions to continue car bon di oxi d
deerep diressayiibripmdenstans.cand viRWES cpess @p drerasgin %BOU@&%@FPOH dioxide
in FRRQYES M BRI SIS Connb Ay HABYE! GitdM, T ate of
" tmge&?e_ gér%ract%r 388 w?{' g%nnsrra 'er than the first .
r eadwdditiogdly, tha tesensmtde of wasHonapa baingreagdpanddhanieean be possible to
{
reGEEHDABE & il STk bRGARGATHTHIRS, Rk lonty one witha
suffizichbamalinoxfi @ebop dimxalessironlation tb peovidsi 100 %RYEB rfiemmcf ingoming carbon
PR SQﬁ As car bon nonoxi de has not been renobved, the
10X1
conversion rate of the third reactor 394 MA|| be

snaltienlsd hamiblehe rsduco adoure af hpirogd8&as Rdttd tlnsdpmt&samth consequent

._separato 2 i.S |t|o ed on t
inGpa 1 BRPuh09g5 i B PHELDIRR: 1oF B Btk ap argee e fount of
cirelﬁlgﬂingﬁﬂg)og ai:‘oxﬁia Dy Ak nHyYasthek r@acd)egsﬂnrs&@bs@c(hblgarﬁﬁteh@erature
an ar bon de. Thus de [ arat e
usi ITEC Spactipafieat does aveai?obe;f{ﬁ B‘P Ry ra*e&}x o e e P provided
thrd@h héat GREMbFLwith ady BidSsidd Neid T%PppWdptibie | tOGFILGR, ElBWRAR, among
di oxi de 384. |If syngas contains smaller anount of

othey BIBHERSt han necessary to feed upstreamto the FT

r eagiuRs %roc%ﬁ@ﬁ ard d&lb&h 08 8dnvB ¢LBOE QidkiRMhid @foh PhotdRide, and such
410 wi | I be added. RWGS Reactors
processes can be used in the present system of the present invention 100.

Carbon Monoxide Conversion
Carbon monoxide conversion is preferably run through an FT reactor process 320. The

reactor assembly is shown in Fig. 11. The operation of an FT reactor 322 is as follows:
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The RWGS reactors used in the present system of the
present invention 100 can operate efficiently at a
WO 0vbe9950F operating tenperatures, while 400 OBCT/ES208€009710
in a preferred enpodinent. An exenplary catalyst is
KATALCO (;%}égb_}dﬁﬁéh‘* Johnson Matt hey. QOer(g)( i ng
P €Hathe§ SatC ?-@I-QQ ldBndid@vhidBEe vBhds? 180 chfdr, alMihg) hydrogen or for
ref erence hi gher val ues to reduce overal |l size of
rigagioanb| KherepaHaymgpms ¢iraights gud 105y gaveted phyegegiony compounds
pro%ugéao P F%Ql%r ?1&4?1? Eeact-glfke af GOGhARA 65t nt‘?ﬁgtb he rcmaﬁlstaﬁgd and the
requi res exter I'n a preferred énbodi nert,
opgydngsmmpératubee prsssuse and damvelptifydn theQeactges an i sot her rral
ope ] 09 '
iﬁa{n{ I%et(ﬂqu Qg%%:%%t gag 9111 légaé?ﬁl% gﬂ%%&% czﬁél\%liets tl}lxn&l 4 &gl catalyst
at ém°€t aad prodedes derhlxvdrlefdrqcmtoonsa whehatfieonpgradieg teadnp@marily to the
pro é1t t?car}lg ?’L&} n%lxésillfe & m%? gﬁ(dla CP(? a{l grg a[i?p\foe){.lr%lat!e p_rTe%%tJ'gH of 1 2.
c onﬁemhexoﬂn};ﬂﬁmeatznmnmfnge bfeslemﬂ mvsntume dt Iﬁlghaﬂ ed:mpm{tuﬂee &fbl example

nfipaie PEC, G SSUE it Hioa bR ol e Fo RS FYGST pbBSgmately 4:1,

SO\ﬁ@pemsmﬁgrt@efaﬁen andifferelt eagRrateed efsaiadjustRadline (hdieel ratlo from

rral ai_ni hase con tenperature. The. resi du

‘Eﬁnghﬁm%?d@cw i el ok B ﬂ%@f?wm?ﬂaa? fnegydes liting the
lﬁi&%ﬂel Ressuldahe asarndtadhe %J,ﬁs 26MS Ui Anlyint’ sfaediduaDh@R&8hons that
inside the reactor through a heat exchange

is JHfews do ppryert Hiy dejeed liquidfuelg yariesgagd el igihigherg at higher

terﬁﬁe%at@xfe ah@%w%@%o@@é?ﬁﬂe@dtur@onﬁ ruction, although the
second and third reactors can be srral ler as the fir

as Theye eghodiment; a Labplt gaRlypitis uspd. aiFh e AH207@ iR of %tlé a 220°C
Rty 85 bl @GR - 98P of 1,500. Th
Op%ﬁ%%g%&%é %Rﬁ%gﬁgﬁggggpz%%ﬁy ca%T pr ogess not onl 0y ©
coperorcefropthan aioogkidetotiydrogdrbensas v et e Ryessergeppehange in the range
of §0.38 ban sG@fr %08‘96“96(5@6 The m xture can be
processe rough one, or all three serially
conilée Fé’deaoetac&% rog, Figsl laprbdnn:ct bath lighidrigidiagaypnscthntoage drained for

fu{ﬁﬁe? orﬁ{)c%gmtl%, aat%ﬁ oé" (s)gou? h }og bo:i mﬁ)gfl {tlflts#eg ?ned:l E[‘Elu ggses (carbon

mcumdﬁle a:nd mydxtogen) oThepmenmoﬂ)mputdgasxs ubedtmouo\namnmct;a conversion of
nall react or ﬁ% g T

Sy{}ﬁaﬂ B‘é“\"ﬁe ?"é‘?ﬂ}e %80%%% m8f‘°' PBgeh r?%ﬁ% FP‘é f‘%"* iR series w

reth il of ste@fmatid cerafin Bairbuarbodigads de bet'ﬂéen g meackdi$. € Iid d:xample of a

ermne. if two or one, re ors are . require
il %ﬁ%ﬂ&l@f opitp Slagt BT Fo@r pofaa peye MaheEa Ay reap Gfgiency.
NMONQK e ohHusSHPEL k&dior BRENRAM 1 QaskNEBframhahé emmeﬁtegzts by a steam
Alternatives - Carbon Di oxi de Conversion _As di scussed

Selaaé%taro# Al h5R ieaeOLDINAE AR Wih GHTRPRPUBPYS Firfrs OF ActifRalg326, and

PERAR A ABEhs WilEELo A RINBeR WG by s iof B2t TIRBS separation
hi s cFg\gl;\escprocsess that will not S|yq{ Pﬁgantl P

pr@,q%Sﬁg ean igecombingd apa fungtion qf corpesiticy Pt @ﬁs @W@%ﬁb%ﬁ Sshagasion. The

reGRIPRE b aiRé NP AR turdIWas 6 wels, ﬁl@@laﬁee@ﬁﬁraﬁ‘iﬁu&ﬁan@fCZH@ and
reaction in the reactors can be reduced. This wil

residugl eyngas gires sefpn imvnpxife ewhbydipgen, amd vagidub apieyst @falmf, eeparated
caﬂa%n'dﬁﬂd%%ﬁ?C&&hd%f’% offfas.car bon dioxide in the

recycling Tine, or the nunber of reactors connected in
ser ibeg prqfq:rre&gloqmbomment a majority of the syngas is returned to the input of the FT

reactor 322 via a recycle line, thereby improving conversion efficiency of incoming syngas into

hydrocarbon fuels. This can be accomplished in part by using a controllable throttle or valve
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Additionally, the tenperature of reaction can be

i ncreased, and then it can be possible to reduce the
wWovboe99505 reactors in a preferred enbodi nent PEDEIS2006/009710

three, to two or only one with a sufficient anount of

33% aFiye Hifefflé isi taalier! .m:thlp Hovdinetie forebilugat asondedave ratipg or flaring
of Af portzOf MG SALAR BadiP¥iAe moldr ﬂr%oﬁho%@ ARSSpiefedrell @mbodiment, a

reduce anount of hydrogen gas f his process with
cowgwmetﬁfrn@ theaaunholagiurd rgagi PR asads befer dhe wag cThe,drottle is
opé In %h' t3 nﬁllirﬁ"an Bﬁéﬁh&ln?attagi}'&ﬁ%ﬁlea &SR HRHA gtaQJs can be used for

C|rcu ng car bon di oxi d usi ng nore than three
thersemepumpesel n series at the sanme tenperature. The

rea n e I

sy Pefiher 3%, BEecIANE 1h8 RERFbUNES Gihacch ho empprature and
preesm:haf]gre syigak camylghﬁndim ShedRWGLiasderalfly o (Spngaatle combined in a gas
OM/rat§84anDng ot her paraneters. QO her

ml’berrgggs%é%m% GO T 6%tonvert carbon dioxide into
c ar nreadrohgxigde the i TtresialiB2@rcat ds $eisbycarexirenal sewcd of Winée carbon

mﬁ{g}ﬁ’ﬁg% Q{] S ’Qe}@g} g‘{ ot ne pﬁgﬂiee%ﬁ%gv ﬁ&g%t%ﬁvé&giagﬁyg%gen from the

elepir €1y @F 300, Yor b iix k¥ STUBRe gikeddnd Hagdso rHyrafdgeﬁ So@adaé’d)on ihb enput from
react or aSﬁean S shown in H

™
theaq%eqﬁ%p ylsgé@ &9 regglztel tge apa\li\(;é] %red}ll])'y Eheé% r)e c_,tor ( gly a preferred
enDBSRR A, Blis H/EHlratio i6 RRBAEWRY Rid Btk Spdo@Raily bedweddiZ Han.2.

addi ng hydrogen or for polynerization. There are

nunFHIES 2338 &1 s a%n%ﬁt\awg éﬁafﬁé dni R bUBReA1BBRARAET pRTasise electric
poREoduced in Fischer-Tropsch reactors as a function of
the type of catal yst used, and the operatin
t enpbis Atliaseembhy @@s‘l’frféPla@ﬁd’Yg‘a‘@ﬂQtéfl B epryentipna ? Figcher-Tropsch reactor
de§1 ClRout !cﬁ‘angﬂlg RR&RAT tf Ot QD QPP HREL - Aaﬁloﬁnde@zﬁl% r&erred carbon
e reactor rates w aIt cat al yst at QC,
mcmudprcomm avswm( 1SO$hOdeOElar bdnsA thS@Ee &Mt l@ﬁctor system 340 is
1111%9%@%@ a1% P’f'r%@d g §4 4f4h1$1 0959&411519 Ng Igaéf"from the RWGS
M Xture of gasol1ne and ue In an” a
suhmswprrbﬁx andrsomf: athp@nt of hydoodee rfronmbb elegrl et on éedoﬁtOttllreeﬁrst FT reactor

34BF AS&N ent | nvenéﬁt%?qulda ltler]oc%I oh 3 }se n&:ﬁl%é& gndlecﬁalggci) fro1%)&ﬂe[rpeagtor The

around nore gaso
ungﬂﬁ'edtddn gyrigas, ditesg | residtadl ocadfonampmlm ﬁlmneﬂhy RlWﬁS S@einyly, and all

0 n ati,on at d rent t e er t.ures ong
e gleBRFna 18 huwer? Bof et B 5 W Rene GpgBtture and
prg3felued fedninfoai etearh sfdpz&Stei 3ddiellt bypréfeﬁecp ke 8@Rkd separation at ambient

i nvention includes adjustin t eratu, ress
R e Py e tﬁlrrpﬁ@ﬂtfa%%anfhed\%s el SiaUResE B (hEcpRE By drocarbon
gafb}{ iR Rl Bpsed Midhg kwith i didrl CFHetre§1&ha[3 QiaNeehhd hidrecaglesmk fed may be

uid fuels varies, and genera| I's higher at higher
so SO Bon TG o SRR oY HSMACAR GF BTN

enbqgi 'T@ﬂlual Qyfgabalith S@heladtntl & Hﬁﬁgoarﬁ%t $hsés kﬁ’d ¢&idual carbon

rati o of 2.15, a 2200C operating tenperature,

digxidesara fed #70 Apsee WRERACT 384.bAk cousin APV %ﬁmuéﬁ hydrocarbons is
prJdu@QpandH?eﬁned from the reactor. The unconverted syngas, steam, residual carbon dioxide

from the RWGS assembly, and all hydrocarbons produced in the reactor that are gaseous at the
reaction temperature and pressure are fed into a steam separator 348. It is preferred to make
separation at ambient temperature, but other temperatures can be used as well.

At this position in the process, much smaller amounts of syngas are left than on the

output of FT reactor 342, and therefore the partial pressure of hydrocarbon gases with carbon
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conversion of carbon nonoxi de to hydrocarbons is up to

75% Pressure can change in the range of 10-30 bar and
W@RiBG099503n 500 to 5, 000. The FT reactor 322 onPEi/ys2024/009710

produces both |iquid hydrocarbons that are drained for

nipbert Grefid praheeis diag; antheyy Hikbeardensy aloge afihotrammin,fagisteam and Cs,

seﬁﬁ.‘ra‘i& B e M 2N gy drBRMonIRRLS nlif By RS RaBBN A6hd ?eﬁfﬂglecule Cy+ means
drogen). The presence of input gases is due to

hydrﬁ@@lmrs &t neeyree sitben gpms Pergadecufo rTherpedeasgaddiquideis drained, and
Wafé? n§/ ?eg)‘?hlaféﬁ byniﬂérr@' SRR o?rpgt%cé: ;%s, bi9iaG8R oﬁ%a"&ﬁﬁéénéaﬂy in a water

team a certai n hydrocarbon
se}@m§52n bet ween the reactors. In an exarrpl e of a

?geglg gsg%lgﬂgg%e ?E@% nt\tllgrs;e at%} ?gg A: «J: f§ at% ot e§ slégeﬁgtor 354 of

frclency
hym‘bcarllmls rmakutlmg 0B with tcaom msmbap&ba@édhf r’fhwtdaa be condensed and

ffl . .
T T T —

of Sith,compdurids ngd tondegned OTSs nthHeonae qurmdy\bﬁ hlmClmt bﬁ nther gases in an
nunber s a separator 328. .Thes,
cl e AR e BT PG R SPGB 06 A SORERgHe seses
lovRfengRfatuit kallﬁsls&etfooe@tl)@ﬁn@ﬁad sepﬂaumd nfe sshedu dlheig ast only C; and
ont ai ns nain nat ural ~gas ,conpou net hane nd
C. BV 51 DestFaaTAiBd DHi AT GG AN R et -aa P b Eaci eeparated
frog6hcll Yole® 3 presdid chal ngb(hlﬂa c@ﬂ%ﬂ rdﬁoxﬁl{e lré@ﬁcle‘detﬁ&h@hﬁﬂt of the RWGS
car bon di oxi de and and npounds. In a preferred

asserbeliFFEPNS sypepmcompangnisof ﬂﬁ@ak%g@g rpsidyabeaspedoxige are fed to a

coﬁtﬁﬁlabl@ Rétler 932 tHHE 1Y, [eBGLAler, 3R eqMliBrivn E&ﬁﬁ/tfang thd MBount of syngas
t hereb [ nmprovi ng conver sion ef ?l Ci ency of incom ng

is gl)bprgxggﬁ/ly ﬁmgllqw]@ﬁnd(glggr igages.fand therefoug whagexer ageount of mixture is released,
nl B dndaf) LRIk tHERhde!
L R TS AT 1, SRR s
ther eeyeding app|hian ehefsome efffdt warrpmplegon ah@vnaml@mf ﬂ@nmqmgng) yngas as
I [ 1 hi u

preslar%e P garrgénoc?} gén {S‘,l_tgf]nrﬁg}%h%g iegég r%{r“ fe glfﬁggs g@%ééﬁghbﬁﬂ @Jnount of syngas
in wmdrgahdslcmgbmmeénm tr cogrdl heveatimgmatio. of natural gas

ggoung ﬁ[ﬂgr pre egrﬁetrdg?r%g] %hn\/eentc]st mc;lgcr:] tere'c}c orr59 tc n egeLi%eéc? ?n 1nclas%§é the syngas
cohvevsidn ratel bem aydifésent aperhxmgqmmhefms t¢b hma&amaorp ulegicbe. spéctrum of

e Bt bi5 S al ot 0 MR UM b B ainacigpe ohlike 340°C.

Syﬁ yRGAR bE ARGl inrddffarér QHM tcﬁﬁeﬁﬁﬁib | oy)eraﬁﬁg iy idfereins condltlons to

nbined jn a er 33 lar to as m x
c TR iian Ob Sy g iropBone T Gl S bl SGubRien of fues
aft@b/up%fhdﬁ?gt R, RAdtive Ao Gits Off gak@lfib e CREIDABsIMRY ¥hdide (iké.om
outsi de the system of the present invention 100) and
hydrogen fromthe el ectrol yser 410, or a m xture of
t hese gases gnfpeyi§@sS.- Hydrogen is added on the input
fromthe electrolyser 410 to regulate the H2ZCO rati o
req dhe egctiap i Righlyexpbgenie pandyrequirgs rqulaste}gp@lft@prrr@@oval as the output of
theEFRAHH 18R hly Eelﬁ{p%rahgé gt%eﬁ@én't o1 $ pREGHALDNRImAT] ‘ii)hggarc%nversmn of
specificall’y between .2. Vented gases in th
wasgypaio steerm ie ghq: Hyelifiesid upatt to rqnmmle heajeasdllestrated inpkig. 13 This leads

to Qx@ﬁ-diy&tﬁerﬁllafe%e&étﬁm of the reactor, and therefore consistent output, as the output of

products from this reactor is highly dependent on temperature, for example within 10°C.

Alternatives - Carbon Monoxide Conversion
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power. This FT assenbly can be replaced by a variety
of conventional Fischer-Tropsch reactor designs
worakhoets7Ehangi ng functionality of this appar aP@BEUSA06/009710
nore detailed preferred carbon nonoxi de conversion
systaRPn mapEdmconyensiog maybe ascqmplishadtroughran Ff pregess 320. There
aresﬂﬁﬁl?eﬁn o 4fodifcakibhgt il B prdBQF Bal bl %ﬁpc}ﬁﬁ & GRCbRESme, ie. the
344 in this assenbly.” Syngas fromthe &MGS
Pf%lu@falﬂs ety groaarbions 6prEPAREBY Ut Of HIPLAso B 1fay osighifigantly change the
nto the first FT reactor 342. A
coft ?ﬁg%%kg% mﬂ&éfﬁﬁgaﬁld hydr ocarbons is produced and
dr aFerexxafplenthe Hempesdwe of theTieactern camvasy e the ggnageanf,150°C to 350°C.

Vaglérgc%gh 53}?@%5?3}%)' a%zﬁ 9 %e&j a'g) 'é%gsstnreo elh%%g Em@ lgﬁgeq{;ﬁ gydf syngas,

wilhakerga segng dagreetshhe c;cemmtsuuom of bepedattspedened. it bigbertemperatures,
hgﬁ}g{(lé}ldgoecs%)?tgt%org%c%é%%%r%n?‘ﬁze%gauce% LOF 346 xaln‘ltgle Iﬂr()g%)%(ge r'iZGancf ﬁilizing a
c1rtx&artpgrcataurses72@anf the cqugad mmdwe&dmpolsmonswpm&snbbh @utnhat Cs-Cy; on

ik B, 8 Bisel o Teaveh L%@ﬁ%%?%ﬁ? o BrEnBRE iy i 14% o

alcSE@aﬂ(aﬁoﬁékaﬁaaaﬁammnly practiced, for exanple by

dIS | ation or rav trlcall he residual s S .
¢ Whebfressampieth SHIOAPA T TRi [IPERTAP: O regulating
waeeartb@per@tummep@gs@w‘ a0 the NP R.1iRe, S&aq;rtslssﬁfé ih eBe tFar re3didrs #hd other
certal n_anount of qui d hydrocarbons i s produced and

cogtpeneRis dfeet spRaFatian P%%t?%?nd Bydeocyhem#iser t ed syngas,
st e@H& tyb&of Sheddst gﬁl%d@hlpm ﬂ% éHaﬁ%Hdtﬂ?lﬁn MER a8 eSBh¥¢h changes

and al I' hydrocarbons produced in t reactor that are
in gpesating shaggcteriplics: daLa PIaROTe BRplETs£e1 beueA doeeisd (frserigfraad operating
at o€ Qaﬂlpgpdlﬁ"eéﬁ%qgégtﬂfé@ actagﬁ §4:§1d dtter 'oEerQﬁI?gf &ﬂlfhﬁgnst OAlso, there can

separation at anmbient tenmperatufe, but ot

be E‘é‘i’rpfel}‘l@w werelelstimgh ef laansels,atsowperptingmgt different pwmewenfhuws

t he 0 S

t nan a0 R esTHEROET gk, APV Bln Y PP ihEhon 100 can
ac¢0hmncpiatetcba1g1r;greak@tmeedsfovhynmUo'aﬂboﬁqga@es with

car bonnunmber C5 and higher is larger, and they wll

condense along with steamin the steam and C5+

sepGeatratiod d8Hydoges a hydrocarbon wi t h n-nunber of

e e e

400 ipgeMiding Sydiogén ed drign thewainedrsibs 39€ pdrtad eakbby orflay to fuel F.  An

oce l.Like distillation or gravinetrical
elqcﬁggge\ﬁ&ttéerp@% &g‘?"é‘iﬁ g gipvideithe hydageR, o gases fromt hey

Separlﬂirwn Fah eaﬁlﬁ)dfneaﬁt bPeladtRRET 4196 SicHrOin 13@414of1t is preferred to
dr ocar bons, |nclud|naaones w th carbon nunbers

uS%\ﬁtPoéa clepiiedes 413 Toe 2duBSpEgs A dowspar Rkt efneleﬁtrglytw cells.

Eléc8s ElHetht mmhuw t@bughl @6 s@rfARRIfel BiBoa0elB@foded o dlectrolyte 416,
t enper at ures where nost of such conmpounds are

whidhrausss elgetrotyisofivenigsér eachfell depends on anount of ot her
gasegcH dndhn 65 dividgnby Q@% du}%?{gn{ QS eryAMREN LR @(y@er{ ﬁé @feased on

in conparison with volunme of separateable gases,
oppesitp etic¢es uele eadhk bipelae alpstrdde grollecigdhdm the csmce*rebetween electrode and

dla%ﬁﬂ@ﬁl‘%ﬂdox’%n&a ButiSr USEH: thel: Qfg‘@m J1e p%yeXt ifeenfB100.

In a preferred embodiment, an electrolyser design with a high current density, for
example 5-20 kA/mZ, is used. In comparison with low current densities, for example, 1-3

kA/mZ, such an increase leads to much smaller SiZC, wel ht, and cost electrolysers. But there is
g Y
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Cn hydrocarbons can be separated but al so carbon
di oxi de. These gases can be easily separated from each
W@RWe94593 pr essur e change and carbon di oxi de rBCHTE®A6/009710
to the input of the RWGS assenbly. Effl ent
a diffsrid ASHCTBF e hsus 2 HSTeRsEA GRS ARy SR OB bR cyervoliage

on @fe@tr&ﬁg aﬁ@re%s%ﬂ&s@i inatm: Blebiedlji8f HidPcurfehOdendids) eledthdlysers use the
his relief, in equilibriumconditions, the anount of

folwwwnmcg@xb@ldm@naang BAYPRITTFer than other gases, and
t her ef,or t ik d
will contai nﬁgﬁ&ﬁgﬂﬁ qgrl 3@%%%5%{%&?2}2 g:&)tq ggﬁg%l he o roases
recycl i rmyetvobyge pPreetia g eleoiodsy mgkdscienses rﬁelshgt}yqflthq@ectrolyte

| oop has t he, sane effect. on co n of conyers |on
of the IQR:eEﬂ?Hnﬁ é)regg}ﬂa 15 at]ge g\}lé gﬂ%& g(l) ar tgrdgcreas of evolving
in the r@eycthangs Ib@mﬁlcﬁi tb hele IR SUﬁIﬁﬁS‘ﬁt}folayﬂd v&rm‘wndzase water
of syngas in vented gases can be used al so for control
of vent i HEOHZREPHANd IS TRYRAE br ef erred enbodi nents, nore
react Qr sC&RéhtRBoMSERIOHGn thlele8RSIte i ppRIkEasly GO vEdigHt, and
rate, even at different operating paranmeters, to
creat @ alhecsep baeiser alspteodspeastheumdssmpHerdiycise of diaphragm materials
hydr ocar Joiks i QWL enmperature |ike 2200C
and anotillgﬁlgerarch fr:uguat ?Tﬁ)e 34%0Cg Syngas can be directed
i n Hiif peysibie tcamabiave sell yokaggcromd 1t$pfé¢1mqnnlgrai| tigethermal) voltage at
r ti
sofft I8 A e ARGk TS Bl RO SoBOTRERL: Moy e thormoneual
potemrqboss idatled, dfen frmedddlt@ﬁetleaooljmmamatigg of cells wl bt rageired. If this
poti%{ltf( lgl*fe {nggt%glr IaH$H01lla?¥é% LW elLYr)]e lglguels g?ﬂdl{F ﬂl%%e?’ qhénhc%ohng will be
reqaneldreqw res substanti aI heat renoval as the out put of

t he re ctor i erature .dependent. In a, .. ,
RGPt Vet ik Bl of bR Bt oo G K e begfigered in two

Waij l%&m:rl ti’adﬁtgﬁalﬁr'raé lifed,| & Byseehnt Gorfdenddveintdivateh @ight, inaie cell, or a
I ustrated i n_ Fi

s Leads to. near_isother
COIBB‘Q?%HI ValsF a{l%@@ﬂ?%a@%“rhowaﬁoéﬁsm R a%ﬁl&?%(tﬂéﬁtcmm density,
oth@iﬂﬁlﬁhﬁary absysien et Ybr thd cldtRME] Spd‘rzitﬁ@vbmgés,raﬁ@ﬁg thersS
endent on_tenperature, for exanp Ef;W' thin

1oo@h01sae pE Bightues’ dengiy HeroMRBNFS (eStFeLicRmess e overal
p1anmqas nd%v%rt &af@ iRl espdBRly Rees@iz€ @itietengilgd t hrough an
rocess There are nunber of nodifications to
t h| hq:qieﬁﬂ@%égesi ofiihe clrpralyssbearchrarfgisting deviess dsfrsibed herein. In a
préf&?edpgn%l:iﬁﬁénp "F‘lé’flstlﬂgsru‘a%@rtﬁ%%e OPEREHD AR BML cOfneSYMBPSeries, cach
but may significantly change the conposition of the
feqoﬁr@u wbass shiftoesformdry r Thix eirquitalesigh leadsetapdyigh effieienspy rectifier that
r r
r?tls gﬁggag[&:h%tm%%rr\éﬁtg 3601%{%%‘ %g aftﬂgq?%lt{){obég%%& Qm:}e%g) CEequlred for
oppra&&smfrek:ctrolewsjence time, and velocity of syngas, wll
al t ' valy, e S h o
o &30 b P8 SEERR 5 APEPULRRLR! R sy worng
paiaydrfor:acrrbaneltcempomstruam mamteparmd,mddafetyn Treasx ampbedone with

at [ nd ut zing a Ci atin at a
eedicg Serppinetr e ie? B BHaS it R Bk b or suen
pafaficlGBetiidrsdah OB co@pokd fea sepaldrbdirol§Sér heelyi Elie same can be done with
hydr ocar bons, 8% hydrocar bon gases, and 14% of
the transformers.
Referring to Figs. 15 and 16, three transformers are used, but these transformers do not

have to have any phase shift, and can be used in many quantities. The high voltage electrolyser
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al cohol s, ketones and acids. The FT assenbly can be
made to operate at different reactor tenperatures by

WO e@alogisihg wat er tenperature and pressure in PEBEUS2006/009710
FT-line, and pressure in the FT reactors and other

cel @tﬁ@@rf?én texernbe Eadk dizcehn mathpring fragsfemnar 4h autAyfayags plothe electric
POQ%}E J&ﬁlgﬁﬂlﬁ@ with etk Yeﬁﬁlrmnh%es bed can be al so

mtime to tine to match changes in
opeTbn phﬁge ghifiing drensforsierscuse MR thep oppplase e diedprRt Fal Hhase shifts
betk*]%%? £RNGE 08 dr h oSl u%§al§nl‘%09 BES AP fed ﬁﬁﬁéﬂﬁ tRREBhARE electrical
Brent t enper at ur es, tal'ysts, and other operating
disgintod. i lons exaAhge, transfemeer d3hwisk threeoinput phaseeispied by the plectric power
d1s%1bu 101%%1}16 d{EtﬂLga%ow%sﬁ z%elgt nS’tPS E:Sgstrl?ls,?? Sgtthegéﬁec ?ﬁﬁg{a P434. Thisis a
wﬁmﬂﬂﬂmwmmhasymyﬂﬁmof the present invention 100 can

opoT i FHRAE CERGFADY T 1§ P BRSSP b AP o 432

coxﬁf)rlsteh &/pltalp end sepmﬁnﬁlhdiﬂgslﬁﬂnd‘ctd:ﬂﬁl’ﬂ&meﬁ: O0TY Winelig@36 is wound over

drogen i hpgut ste qQvidin en to drive
ong gtk BRt S19Ghe e S BT et rplafteg Winips. Phase
of @blegk iR le¥&eiechiflatyWinBingfie i fithsél @ithake Ir@upi}(ﬂt\agéj of theewinding over
h¥¥gro gen. A portiaon of an enbodi nent of el ectrolyser
h?é“@ﬁ%ﬁhwpﬁngiﬁonﬁi It is preferred to use

bi pBl aklelifCiHe0Ed8s of Ilndber of ulthg or MRhtRaEeraAko, 3REen these two
current stack of electrolytic cells. Electric curre

nt
windiugstangd\pslagifh Gtig Rt #dieye mfapy degied ghaseishifis) dhe diagram 442 shows a
ratﬁ)| if %ftécﬁé%nbtﬂﬁ&ti%h Q&4 h Qb o‘fjv@]ztagl‘é@ &%ﬁf&ﬁ‘l@@ ﬁ%m its underlying input

el ectr sis of water in each can be
phefiewolieags b&ecalalgwéuecﬁnd;iﬁﬂ apfrssshift. %?@&Wd&w&amlwéwut phase XY
is g d&se Sﬁllflg&lSII?QO Pargeﬁ’gﬁfht ﬁlesihﬂﬁsvoﬁggeeﬁfé}k@ RQ’I afy th1s example, it is

ectro ected 1 n the space be en el ectrode
lagging. dihg diugergmiddashdwy elrneelofopelaritpen theeutpuhwhick males thimphase shift
edf,ct he present invention 100. In a preferred
enBodi ment, an el ectrol yser design with a high current
density, for exanple 5-20 kA/nR2, is used. In
compari sgn th low current densities, for exanple,
1-3 kA/nﬁ?i%%ﬁch an increase |leads to much snaller

Si z@he eis@iitsystandtan asilizes h g@emicohduser sectiBait, teing reetyIpB:al three-phase

IecgllalfFllf, 2 en%fb%; Fag%aalg:ft{réc hﬁgﬁ}/ %; B%s{ég gvgﬁerg n]%azrsggns %ﬁtlfy much larger

cufbi® Ghti Q6 HeaiRel. I S&hBbidCol0ssas fafllkle uwing knb@h Wireuits to achieve
i rrent_density elggérol sers use the follo

H gh c n
reRsBRRble EERE R AN RS Ateeers:The éshficy ?aﬁwlsogve made for

mdr® PASEALY RIding hSe fhascARds B ebineatdgyall phdses ﬁ%ﬁiom phase shifting
whi ch decreases overvoltage potential on el ectrodes

rag{errarin@awdel resi stivity of the electrolyte;
Qperating pressure is in the range of 20-30 bar to
decrease vol une of evolving gases that is beneficial
to el ect Puippt doidgrluctivity, and to decrease water

vapgpk %ﬂ&éeos@ufﬁﬂg tlahForn®ey tld Riifiers described herein are combined into a

circuit shown in Fig. 15. In a preferred embodiment, three rectifier circuits R are shown
connected in series, each fed from phase shifting transformers T. This circuit leads to a rectified
DC voltage with very slight pulsation of voltage, 1.5% peak-to-peak, which is beneficial for
sizing of all components in the electrical circuits of the electrolyser. There are other ways to

make connection, for example, through paralleling these three circuits. Another alternative is to
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Concentration of KOHin the electrolyte is

approxi mately 30% by wei ght; and The gap between
web@cnysdes can be made smaller by use of di aph€EY&2006/009710

materials for tenperatures in_130-1500C range. . It is
usebdidfeIsEnyTghe oheIEAAES. GBI M| OF 58 PSELANG qoprssponding lower or higher

pultfiRh BPB@PLValtadel SOt hermal ) vol tage at soms Ievel of
hi gh current. t means that if with a sup

el eBhatesultingaralpee it pisemioh dplipsaeiien all Uyt @ﬁ&lﬁl%$ Flg 17 illustrates, to
scaﬁee %leqge Hﬁgﬁmnﬁ’sﬁﬁglhtdn@rlﬁilee %Q’&&E'l@&lfi@f @%ﬁ%ﬁ@?erﬁfd of the electric
e required I's potenti al
dlstrrbm@n llmm‘altamj@ﬁ@ |)oth%fp afeesiet Toplifigd thes ofesipgi wavgformnfgomn positive and
0 £13.4% of
w0 DEA 95 100 L SR PRULLEE ) Bt 20 gt
thebngaldwltag@vzéub. iIn thmcMy@th t]g”FQ teetifiars, A phiasershift 3 i3 n@gntamed between
LOuid,,n0 : | oy —
20"l SRR AT B RS e b 106 01 -
0.988, odé§i%gof tbppmk valog - ths valtefgardiatgranmizﬁ current denS| t y,
ot h iliary.subsy, m choi for.the [
opor it P e dgRURRARE R SRaF BuceBlishdE o SRpfpetPin tar in
tur@,Ulea@Nto Geghsi tuylligkies tof othy ssarfacek eafdﬁhet@:ll@tdnérlower power rating of
efficiencies.in the overall plant due to | ower
ua‘f%‘?fﬁ’@ﬁé‘ln FEUEHS especial |y pressure differentials. The
el eThd higoltage drabi of the eRb@slyseotatsRs diviasd m&ﬁse@éﬁ:blsdtzidkl working in
vi ces described herein. [n a Cg}r ef erred enbo

pmﬁ&‘j i gSny R FLEOREE R TR G AT FF s WGl Gotes. The same

cat B v th d BctHRE 88micBfubtof ﬁ:@nflé’rﬁ H&ﬂ’&%ﬁ@all‘éféﬁﬁ& beﬁ@l higher current,
transfornmers. This circuit eS|gn |l eads to a

or gach; o isuficRaralleb TerHficas camba comBRiRs P SA@%%P%@@M&%@F ﬁ‘@Ck The same

" carltb dRB Wit iRl dAerhds.t he first EDL to DC (direct

current) - required for operation of electrolysers.

The high voltage stack of the el ectrol yser can be

di VPgs‘?q)rb&Eé?n everal stacks working in parallel for

convenience of construction, maintenance, and safety.

The Tspierdlyctan obtpuideiies winvérsioh etep 304 isai spectrugeoh lydrdarbemsr A post-

i fier iy :

kBl o PO S0 PR Bl 26 L SBLN OBl EHDA B of fucs .
The qrecese par ase cgisény twhydegies tacknvelhky demadon astrebas dome the FT
sul%aﬁsembi hl%tot & 1re(I Pueﬂ,eermsd ot eerfepgg {AQf fchdesu&? ; g#g flglgﬁlovas mguts in and

transtorners’ are or ner
outpots ffvavench o faedite ”Eynicaﬂ)h@gmdesghmﬂltmvoﬂmdlydﬁmrabbngl o£EI heavy ends (in

the??'g%lggg ?vg% Iretg{ggf@ggg?e grgrlngrq& i 8 Pesel %%slrﬁ)ﬁné/ %géec eﬂt Ishould be noted
thalt ra’im&fr@f}f'@ feéd i Hyptolery @bk agepeferdbine sedistied rwith pOW@Een from the
is conpatible with the stack required voltage.
ele‘ﬁ’igy??ﬁase shifting transformers use nore than one
phase on the input with phase shifts between phases
not O or_180, but usually 120 or 240, as comon in
t hr ee- phBYRCEGERE QA di stribution. In an exanpl e,

tr ans{ plefeled 4380k, 4 Bﬁrﬁ%g's?s?ﬁg S%Xhﬁ%ﬁ&;vﬂ f Fig P YTHeBfbuts to the

electric power distribution EDL) he phase
bupngr gan bmudiitqd gasesshiemariho AT trerstay asseiblyd g pratpsidues, fromjthe refinery,

andi/Sr Ratural gas compounds. All these compounds are burned in the gas turbine-generator
522 with a relatively small portion of oxygen coming from the electrolyser. The output gases

from the turbine exhaust are steam and carbon dioxide. Steam is separated into water and

29



10

15

20

25

30

typi cal delta phase arrangenent. The out put
(secondary) w nding of one phase of the three-phase

Wo e@asdBrirer 432 conprises typically two separ BEBUS2006/009710
wi ndi ngs_connected in_series. One wnding 436 is wound

resisije - caiben Hiepide —shat dfedbarlitng sasaRbicr Wik BeoTeing sargoy dioxide. This is
yeﬁ’RHfﬁgr £2¥ ?chélﬂl%tl&%r of AN ke RRARR psBd iR@ntidApe Of

vol tage I n each secondary winding is in phase with the
i npHlectyis| rosge pesidugsdebyniba cieneyaion é fodiaeh t@ Hieselewde peryeryline and
fmﬂ%PQhﬂQdk&u%R&nd By selecting the ratio of nunber of
turns, or transformer ratio, between these two .
Wi ndé ng@uh,rtUerpaﬁl 1#¢ toyno woaste roaterich coriisg euinrile tetsin enly the desired
42 shows a ratio in voltage
fue%a%%% % {lﬁw a%%ﬁ%;% @(%]ﬁmrﬁ Ié of vol tages transforned
f r oms lelestrm pdeed groduged rspenyc]ah dsak vl pradypesorndf leyduegkn, this apparatus
s B8R BBt IRE SeRbacder Phah T REERsuPrtRf fro. os carbon
didxive i$ repyudled/ioick agehe iinpup bihe RXWGS bubatdemblye sasgyipesatuis tis less sensitive

| aggi.ng...The di.a 444 sho |l arity on
to ppR e o O AR e DR W W BBesRim.
Rectifier The present systemcan utilize a
sem_copduct or ifier, being a typical three-phase
r ec OP$ @?““?ﬂ%é%égnﬁ?“ggﬁg Wetors, vacuum
t ubgr basgesehRalrbdeses, thbdtar€ abmeRat bfaﬁeWﬁ&e'o’éft@ﬁrgases must be
current can al so be used. Sem conductors can be

sensEated frem @ Eay By e« STRPIE BRsRFaReterd frcipepls, erReBihing pressure,
mB R ddpﬁte@fto fnikd @&Sm% 'ﬁb]@%@ﬂ dn@petaggbeanduct ors. The
rectiftier can al so be nmade for nore phases by adding
nor Onp pdwatage gf thertesepingysiem; if dis gnerey REfiviest gasoprpesing. There are
baﬁm fws Iahéréy %cfeﬁ@t‘ﬂgﬁrﬁ)ﬁ F%c&@és‘ﬂs&?]for %angbgssm The first one
a e The phase shift transftorners and rectl%lers
is @tegbahabfenmh@s ahan ail exté@nlbwwéds ¢amverted tejor &Qint 2as lvedkey-i he second
ong tHan flsgthe ?ro%gﬁf g/ﬁénegﬂ g)t&pl%gll \%&tls ehﬁgr %%n\;e?t%{ll \itb Zlgat or derived
circul are connected In series e
fnmwmmiphase shifting transforners T. This circuit |eads
t fi.ed sati.on
O f @to 1 2 Seundetg%%ﬁk 54 %t_e orﬁ‘n SW‘?{% tﬁe ‘!ﬂgllghenglgg z%(t-élu%]alo]lqrocesses.
In staztlldag apgllicalans, ahnmamenms tempetah&e eairaubns ioah iddalty isbthernodl process.
t he el ectro There ar e ”
Toig RS A B ReseRmgioe: S RPBUD e p AR G (s dspthormal” shal
indlide @@ opblﬁﬁdxn drSproddsothbieis “adat’e l"ztp@tdxﬁﬁate Sort it Buch terms to modify the
. differen nunber of circujts i
iacgh 30 B6EER) aPOEF e SpO T PR B Fh G Lot Reegpmperate
mebtir@dtn °KGh b g tical W theRsdl IptdcE ity Otdndgerf plss a’ildSIlﬂﬂilsOIfO% from an ideal
voltages fromall three rectifiers, Fig

lsqthefﬂa%lt fempeturg. o Ypdlpdy. i pgrticahed @Paéﬁr%fﬁ?%éeé £PBEngpieenerey is

indolVe@EmPRRg e’ &C tel nGinly EREmMANGoRE E)éx@cqrm@ﬁ t SehetRadichiC adiabatic
di stribution line voltage (360) here are six

Procegses 1p signitagp snesf agidis “Wla%tﬁlw pdighetipear tyhe inyalyed heat energy

is also in a range of plus and minus 10% of the amount of external work energy from the ideal
process.

The present invention preferably includes one or more units for changing the pressure of
a gas “isothermally”, which incorporates a range of plus and minus 10% from the ideal

isothermal process temperature. The present invention preferably includes one or more units for
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negati ve hal ves of each phase. The depth of voltage

pul sation is cos (30) = 0.866, or 13.4% of the peak
WO oltbags7yal ue. I n the circuit with three r ect PET/B8106/009710

t he. phasg .shi.f t ai ned, bet hases to b 20
ety B TR A R AP as T e aRE A e of pls and mimus
109pFbagie: ided] aatatbdma@rdcssscmleécl@éd abo0e.985, or 1.5% of the

eak value -_th tage di agram 454. Thi s pul sation
Ios e%ﬂ‘éﬂl & Figr S‘? é‘vd%ﬁﬁ%? &ht u%’lvﬁﬂé% L g4t separafipn t‘%’ég these two processes

is @le&tdd0| Bifg e lptzedsBP610 thibubll 614 coRBS of §s MiGNRY for separation of
utilization of the surfaces of the cells and | ower

On5 GRBIOTS At AEmBINCRS AN sprsienistien yfbe ¢andenser @ The gy gpcesses 618
th¥Rkl 892 c&{dﬁf&ﬁ @é rés'ﬂﬁlaﬁéﬁ%&ﬁﬁé/ ?cﬁ"rfuﬁl?erﬂ pe&eeingl OBl {BhQted gas or

several stacks work ng i1n para el for convenl ence O
gapesris inyliguid Rhase lﬁﬂhmmﬁws@rélénéf i¢ sfdesived famfyriherarersesing in a gaseous

a&sw&% s Hée aséy e Ce@%)ol?zﬁe(fjﬁpﬁlev@vg rito ﬁféf gh Ghen are cond1t1oned for

Sem conductor rectitlers can be para to car
furthegmeqeessingroaprocesses €fchroogh 630ch paral l el rectifi ers

can ]ﬁ@h gl%ﬂg oF %%gestsgs 1t1?eﬁ Qﬁ{) %8u ! Qlt b0 kySS% ou%fl %55 ' orT&% through

sanme ca ran orne
63Pozt ifenice msuhclg piinqgipat &ivlcyioningreTey Wen@fedt@&ondltlomng of gases for
ocar bons

ectrum h
s bRl o oy o RSty ChRiadliRpether o taui
or Isylaﬁ dézah lPMSSstbeglhh eittladjusting prasxirel isetheifmadllye Nexf the ghkér mixture of
rocess ca Sti t echnol ogi t 0. convert
AR a LA i B e O, Alebigotern G final isothermal
prﬁtessl ¢hatgds pedssure ag ebq@irdtefor Purth@t! fioSeskihg.S Bn S8 dﬁ)reﬁh@ is changed
18 sh&rs uts |n%fq% %ﬁtputs fromsuch a facility
U% BQE@?%F 1408680 ve hydr ocracki ng of FT
hea\Fyg epdshéid alilaBatlcuRRSiRRI W Xo IiaBeR: feRipbdREsS and pressure by
primarily in the diesel and gasoline range. It should

coparitjpib e e frepranpdscificdisidion g pad eéfeln deeresp emperature and

prée@b @ﬁ@?&rﬁraﬁﬁé ShdrQS ik firkd. M HRIGR af BBt an electric power line is
el ectrolyser urner Generator In a preferred

usgthig® dPPWeﬁtsourae s0¢ rthe gecinjent erh BYEr idslivteslvie on dmiipd from adiabatic
prJJé?seb NPl & ests(t}%3§l1'§ﬂ§f§}19@fb 028 %R g‘ues cgwgf?ﬁf %n EEOm: tWor, and the

FT reactor assenbly, resi rom

expatdpin 634 is alpel pesferrest or bd agatblr@odrpmmdts elepfric pdwes @enerator.  Such
r | e 2

o SRTEPHIE, SRS P kDR ) 05D L B oer o

angl He makobcthatotojtager valifh efemﬂupﬂm tgadtes gfmemtmm tuged inr ddéatiic power grid.

Otﬁm%égii)f n?pr stsgr‘? @pra&? bD%Q1 9 b7 théj %P% Ga! useﬂs 3d well.

er andresidue -
t hatFlg §2fshmdomctke1tnal AagasesNoneas inirdake pmssom dang oeatdodmfease it. In

et anot her | oop of
RPN ot ek B TR PE AL B il el and he
reqnltmguga@ dmmurd Feecigmgeionted rfrohﬁ tHeElledABC oW IirReis Eﬂoﬂpbdﬂnﬁessed and
0 e and further to ectrol yser.

coffgtl Toe Piae Taohert B & Rlend et fmbem o b digyed is equal,
thedddticaify, td e S)6ie Rher@y UiMiveRe fRASIHE @R ctric power line. For large changes in
pressure, several serially-connected isothermal pressure changers can be used. In this case, they

are called interleaved compressors. They are interleaved with coolers.
The opposite process is used for reducing pressure isothermally. In this case, the gas
mixture is expanded and this reduces both, its pressure and temperature. Change in temperature

is compensated by heating. Again, the amount of heat delivered to the mixture is equal,
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fuel s and oxygen in the anmount to conmbust them As

el ectric power produced is recycled back into
w@e@doetsron of hydr ogen this apparatus is | esBCT/US2006/009710

sensltlve bg i ncaonpl.et.e caonversion of syngas in t

T :
ERSEISe B the amoury, Olagncedy B R Hl SleaiF ROyer ige ﬂlacibe electric
geﬁéiat%h@n\}eﬂnﬂf}'tan@xp&ﬂ'&l@r GACSt shBeaedT R Yee thfBinSs APBGHH,AokPressors and
is less sensitive to separation efficiency of car bon
expNgis duit By RRsicambs ¥ied ReWRINGS subassenbly. Gas
Sepghatyst N 55186 858 hitOhGRACEA! ih Yhe iBoth}BaPhESERE € Phese are, in
processes, there are nunerous places where certain
esygaese eangughangerss dios isethetmal opeprationy s prefertad & usgrPhagerpgpyersion of a
t e , t r
w&ﬂﬁ% pfgﬁ@ggj c%ilt%eér d&? ge rrakgpe%at? tcc): oaﬁﬁglﬁélﬁl ée%%vl ?‘%glgg tﬁl%ﬁgll; Qhese heat
exelpagars abhiperables the sptean mmelgﬁet with néne zgrp ebange imstlymperature.
IS i Q f ol
pas RESrRE FOKieE rusbALh AR RET A inalF P8 in e presen
invwesBoh fiershgws. p°& dill:ﬂss am glecfﬁhqadmer $ihe dne delmewnpca@hr abatliwes — the
ele%gcglyseerr] éuru\é\'; 1? el.f:ﬁ%lc gléo {){g a-na%d éeceéve%lﬁowegg[nver lﬁrgf?urt e:g O—Ctég efectrlc power
plainendd Al ihtemat dedndd p(V\mi'lgeneSatmt her converted into heat

r rived fr der st ood by thos ,
[ Rt IR ety Sitbyicn et TRSY HNEERD D0 afpl a7 fom various
soﬂbé&@ﬂ&@éﬁ of héhtpEﬂﬁltlir@%ef&ﬁlﬂb’ Iu(bgidlef)lﬂ’ﬁa pakth e{] lequad @rﬁeﬁhﬁa vapor part.
erature varl tlons n an ea ISOt er
Whenleamustbr dEElRd T § R HRRIREPEA éfeﬁ?lifi& GQ e exchanger dedicated

to |a§&FJh@i[snlﬁzlat cOsdedsed thie rh@étrbxcﬁajﬂgertaﬁﬂ rﬂeleés@ Qﬁaﬁeﬁﬂ'ﬂﬁéondensed liquid is
i ncl ude an Operat on or process that 1s "near

delivgrect ightheyatherhafrof ghisat disstibyfion dinges Vhen hsefiopust Phecceipferdithe reverse
préc%%meﬁaﬁqquﬁe%pb%d iARBdapmse specifically relates to
a change in absolute tenperature neasured in OKin a
pr adt the aresens grosessrAxpmpled eleisHDerAEes piyiejeh pasprapyersiqas ocour are:
mn 4p 103 § FMPe R gfeallk R85 Q@JC{B?J hEBRIAHEFLine RWGS RWGS-
Simlarly, in-practical adiabatic processes, sone
linghergy is involved in addition to the mai nl'y externa
wor k. per I
o 00 i 158 [EtpratHE U PER LGRS Lo iBR AL BETEERTS
and ciwhenAt ateaipeetrhelavatgrie thg\elecgolgtes o heai dastrﬂulngelmn‘ E (E-line);
pIu and 0% of th of ..ex wor k
enerby f%g%?lﬁu'ﬂﬁgnwuerg@%gﬂ%ﬂ¥wonlnegz 1|}1ve‘?1t|on
pr eker abAya tenmbmdesoﬁmﬂ)on rdmmleeepamtioﬁ —fheat didadbngion fjind @€C-line).

pressu of a hermal | v' , i ch. incorporates a

P a2 Eifofingerimpled GEV SRkt ot B okt TSt hor rad
proapss E&@pﬁf@@ﬂﬂemﬂﬁhaspﬁesent i nvention preferably
|nc udes_one _or re uni s f or chan t he" rature
"of 04 ga¥ s fordsime a4 §p Sm%ﬁ F‘%‘Hng GHag: é’g St%?’]ﬁ%%‘YCOI
of pjus am@ﬂmﬂgmmJOberon1the i deal adi abatic

process, as descri bed above. As shown in Fig. 20, a

di agl am HrmenipfoyArins) aidas separati on using these two

pr ogpssegmvRndiReeiMeed. First, three processes 610
t hrough 614 condition a gas n1xture for separation_ of
Fig. 23 shows a combination of a condenser and evaporator, machines 616 and 624 on

Fig. 20. The condenser part is a heat exchanger 652 through which a gas mixture is passes.
Heat from the gas mixture is removed by evaporation of a working fluid via an evaporator 654,
and this causes condensation of a desired component of a mixture, pre-conditioned for such

condensation, in a collector part 656 of the heat exchanger 652. Liquefied gas is collected and
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one or nore of its conponents by condensation in the
condenser 616. Then, three processes 618 through 622

waeomwdiopssen t he residual gas m xture for furthePCTnmmmwmm7m
processing. The separated gas or gases is in_li

id
CXPIHEES Nt 28 KEADOEIRTe HB®P tp1isVerpy Propess kgpiares dHpRsys delivered to the
evhpérddhe rheﬂre‘}l@?a%gérrfﬁbrﬂ e 2@ BER URLNASElnd. NBIR o2APRIyIA&EFocess of
are evaporated t he evaporator 624, and then are
copdeReRtion éﬁb@/at’@ﬁthlmftthﬁeﬁepfmt%é@ﬁ FgrByepFdcesses 626
thr gyg Q4Q§ﬁ9ws E&QQI&&Q%e%Z iP ﬁﬁﬁﬁﬁ%@%ﬂd%&&@ﬁﬁ 63193 1 1s three-phase
t hrough 614, or 0, or 626 through 6
eleghtis digfabtiondinei At ised by theurm;n p@urcef ofncledtahpower pthgg &r preferable
po%?%h %g %qas? Bliegc?e[i] &igte gﬂﬂl&aﬁlgeag or. gﬂ?feﬁsg we?e%gfﬁoglﬁ%és ual energy released
in cihﬁ[gmvgorph)athe ,gemzttméﬂﬁoo Hig. @i Eleonrolsset calls pEiakip. 14 are major users
ofﬁ‘éo%cl ﬁ]isl% gg\g Iags%l\r{mex an erl %ug:%ér:atrolg g§v§c:e§ Slﬁlééde 1p Ir gc:}ebg e, aerrllple%ture changes
andldsmlltmﬁmlcpﬂeksyret ohamgesnge femmﬁm ling. andf dlecompresor motors used in
oce the final is process changes essu
ad gat}c gemqp%a&lr? oﬁha?%j;lst nd, 188&816%% Sgrﬁsdurel ﬁha§§ Pe ?rom ?hls line.
NenireIs Wl ethes aedamgeﬂotomdaegeﬁahdo;s, ar@ axﬂachaﬂmechatlmee We show some
adi pbatically. Fig. 21 Shﬁﬁﬁﬁad'abat'c machi nes, one

argay of PErEHRE VESFYHIE 1ol PRI Hgd ‘conpr essi on

usi Pgp. REVMREWS héWhadt d@dueifiioh Gnd k&l ElingUtne® Brel usa& Ii2thd RWGS-line,
one . to decrease tenperature and pressure an

he@téﬁéf‘rhé(?lieﬁ § poar s 7d M ghown ardie, %Fabbeé%ﬁlqﬂéad from energy released

in @EDOd tABREs. Bfls Blal &l dsk& (PRYB the| RWESI Baddsi®ds ASHidiad b Fig. 10. Al
source and the recipient of power delivered to or

hegfessjap@ godlers shoxe ebBigi 2 Priue seddn ispierad ppsese ghangeof incoming
anll %utﬂB@fn%rgﬁ&g il ﬁle&%e&t&éjﬁs@'op BelHEs H’e%(‘fr&)f of"fa) Rk GaL.ric

motor, and the expander 634 is also preferred to be
t ur B the HFips, igatafs @dlizered ivia phovhent grehansar a4 osdis 27, heat being
d
defifEs ih BhorE} Rlead, UREY ARLES b8 ohf SOUGT SO Fig. 22 thae
arerrmed n tshtacmmbpnegsgea chahgee of mem;ungmm’i butflowmgaabeein these reactors use
or QG ALPRS S REhnl gl Ct {1 0 pover grid. Qber fypes of
panders beside turbine type can be
usedh EIE EiledtiolysEn lgpe Réat shdalivedes ofidhehe reht axalcdnigere®l2 @nPBig. 27, heat
se press to. decrease it..In.the .

el TACRER bR SR BEuf P T, SRS ARER Bk ok el it Pfuyvoiter for

eldb;tol@k@&tldterComtho 1281 sAllseatersamd coblersr @swhtdnnglgg as that are used in

e rece power, fr e.electric powe
isq e s Sk M i P TIOEE ey in e T et g or deiver
he# fE@ObEH tI@SBre. The anount of heat renoved is equal,
the%xetlcall , to the electric energy delivered f rom

t he Fig- 26 shqws R Pt distribgfion apdgecychngipes: One is a line operating at

aniMic$ S Rranf €V HIPhea®®¢ hitl Lol ARG & Figs 00 h@RMBE used in isothermal
pressure changers can be used. In this case, they are

PTESEITP SbpiEpR Aripeavegiandoriiesag pases traEIpicnt ETDTARHT.digy egdeliver heat

froMh Bptoctﬁﬁllﬁlés ANTORP ARRASIHIL oRIDEES Shohwd, MSEE. 3Pbf a gas separator like
reduci ng pressure isothermally. In this case, the

stapmareipigher getanpbantifemahie lingprdolive heaisto s Hne. i Thpre is a o2 receiving

I'

engoﬁgglgitgi g@qﬁr%%}%ge&?%g Eat gﬁgitl]rﬁﬁ]lg %ﬁfggré trdmﬁglrzlﬁ @éalf{{{g)gtlﬁle. All unused

he@lte’n thwwenall phnt ‘Miél hﬂdﬁhw@ noghlemumﬂndtd&sexpated pombiily as wagtoheat.
povver ?#ﬁgﬁf]‘% cg‘[ Elg f(f]ﬁrt cagl% HEGES se&;grag& 1%!1 €CAN héaters and coolers

shown on Fig. 22, that are used in 1sothermal pressure changes of incoming and outflowing
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generator driven by an expander 640. It is preferred

to use turbines as both, conpressors and expanders,
whoioco945es types can be used as wel | . The Sy st POT/USHH6/009710

cool ers 638 _and heaters 642 .in the i .her mg

2238 @hp haberapife SIS fcarhaq dgdds, separafieny y gltqgaoﬁqﬁ%r gse gzgjeliver heat

froo® ©f REiARlInOP %‘Haé\laﬁé}atofst arldScARtiéHs6x rsB6wh On USE. PN&% Qarbon dioxide
conversion of a working fluid to deliver or rempve

seppeationtas> ifer £3tER gaklaam ghis ipmer dehveight to s EnpeBle carbon dioxide
seﬁ%&ﬁﬂ A€ {sSused Hét%n@%pieﬁﬁaﬁﬁoﬁﬁé%ﬁ xR AE EFBedt %@st on the output

near zero change in tenperature. Returning t
O IGRWESS tcion B ascnfopISeB 250 64 65 g G S0 BioBbYTBrFoR ol carbon
d1 cﬁadin the éfhﬁexﬂ ’rggf §ithe 'Fﬁ‘ i€ éro Arp@feSs %EQ‘Q'H exésg Ha% Eolle%tu?éqend of a
ectric powe Pne that delivers power

heattpsneltd@mgfmcgss beat énq»m th¢ bar@brghomdq:semtmnslme it the amblent line.

recei ves power fromall sources - the electric power

plant and all internal electric power generators.

a hé‘refbirndeﬁaaﬁepdreﬁdn Alhsl’rdcbsshig)n l'ines. They deliver

ccep fromvari ous rce nd uses of .
noaraen MoK ol BRAb T} R 2P TiaBE RSl BY F attefife b ypical gas
pipelifigipdsspser df 5& e #nd\ad piabieftaémperMien Foeaputit®ithdd RWGS subassembly,

elivered froma line,  t ors are ninto )
e Sl I fhalrics; ey KO JoShadey b@ESH I Sfiotgent, and
opélﬁuﬁglﬂ)rSssﬁl%aﬂ(e 2% 6 mgekcoaiilish eilisg als 6r dartof tRptoceesierdebugh 614

quid is dellvered in the other half of a heat
Onc};‘%'tzplc%k"?‘&?ﬁ 1ine. Wien heat nust be accepted, the

rev ﬂyﬁl@)g&{ ﬁ@ﬁ&ﬁe biSctkbhRes islcbiiiglbul St moamp@tt@@bemﬁr@ and 20-30 bar
vapors. he pr. esent process, exa

Pfﬁtsé‘ﬁfyeaﬂléﬂu&sb@ ndifipnedrfopMRENE ine F@%WQ%S@E@F@H&% T pccomplish
thle‘tall%r E&Hpgfr tAd @esﬁgs 610 ﬁu‘%@lﬂ %ﬁ‘ﬁgo b can HA&AL.

|str| UthI’] |ne At ate erature
of ﬂneth‘?:wtp@taqfte@@stW%mactgﬁ, §t6P1F1k¥Q|‘!S|T # s¢piappéedrTThis must be done at

R in 0 S a 1s. n is is ambien
10\(/ T }%éré} k; “c)fde@tt el SRLHER @ rﬁ"’afnefh I%nl?dlaﬁléj t, tgs bient

el ec yser - heat distribution ne E ;
tenpperatmgi e’li@tacccenmveh ghigiseparatibipail odisgne pbthe iporeessenelxhirough 614 and

thé éfol:ésg %16 or‘?ﬁféh % cﬁt be s%lg EB? |Ob]gﬁl% e%se%%&g ?E&) ﬁﬂi gzin %&bmed in one

aration - “heat dis
mafchinboMuagseaaretlceu gavpd msstdué rmndhnmg:dffbnfumrﬁ)mceishgsmng all or some

oflt_hFHrocesse 6§tp%ug%§%2g?f for RWGS- 1 i ne; b) V\ater. for

or a's at hi gher tenperature, |ike
et hylaghoe dgjx}daqireseﬁ:t)m\ﬂﬂ:teffﬂuefno strfand omihe odl))ubﬁclsﬁ'tben th&dfsmam separator

t h f
i i S PRSI G Qe i Pt o PRERIegch as amine

ab&iﬁudihn tafbdflat® nabborftion? Greskie  SiRg edbs@ptiar ddsorptich, h@at permeation,
xchanger 652 throﬁgh mhl%pgmﬁgas m xture is gass

e a?s’rsf;% THEHES (G x RypR: v BEPeRPags, S8 G FGp-  When
llq@efé&fo‘ﬁl 18 Gsefiltd! behadicAm B BriG WA RAH3A Bloxf8Ahen all or some of the processes in

Fig. 20 can be used. In this embodiment, temperature T; is ambient, temperature of
condensation Tjs is in -55°C range, temperature Ty is equal to the FT reactor temperature, 220°C
in this embodiment, and temperature Tg is equal to the RWGS reactor temperature, 400°C in this
embodiment.

Hydrogen to the FT reactor subassembly is coming from the electrolyser at 130-150°C

temperature and 20-30 bar pressure, and must be conditioned for 220°C and 20 bar as preferred
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and this causes condensation of a desired conponent of
a mxture, pre-conditioned for such condensation, in a
w@eloeeeses part 656 of the heat exchanger 652.PCT/US2006/009710
. Liquefied gas is_col|ected andexpunged i nfo an
i W Epcomphigh thisy alf g@soafreoq,fé Progasess 640 Suaueh 614 on Fig.
20eate dssq del i vered to the evaporating heat exchanger
fromthe sanme heat distribution |ine. Theoretically, i
t hi ¥ qgrbor expnovifle isonarlivdde ithsrF asipaseaplyr s el livered via a
0
A S T
sulyalsyeblyp hesleone oo oxide stilbthei beatddote IthmeFT tempegatfired 2@9°C in this

emtboc%{;n rrdseg(gcrmcdgd 0 dop%ia?ﬁé #nlegsupqgr ee Q)glr ’Fd agzcorg%l sh th1s all or some of
ther;eeccetsxes 610 tlhrqugh al4om Elgmced bé ngedh r eS| dual ener gy

rel eased i actors b the rat Q
Ei 98 2t$e ogﬁ)g {)f 82}5 reag or gte?)lérls ﬁa%a rglglentl[emperature in this
embsﬁfrﬁntode d’beorﬁj)lfshttlils Separavisi, . allAlr lsomx pﬁthel @rocgsaseﬁw through 614 and

devi ce adi abat enper at ure,ch
the TP Bize oL SRRk o AlSTREERiss 4 5 RftCE e Sompjpge in one
maail;lhe Cﬂﬁﬁfsepﬁﬂ[onmﬁfd% &1|e lsié‘o@ﬁld F1 r@dﬂoﬁ Rades mutseamecrf ogﬂi]lcmb@ed for further
changes. and i sot errra res changes. are fe rom
PIOCRTEE G af RETmeAt e Proy epse pHLroRgh Eg%ﬂafr@g it ors and
gengiiet eSseddnd L kel kidath hIBhS \N'lﬂhﬂ%avﬂiére‘éidﬁéw I$A@AffRarbons is also
ar eas of processing where various notors and

ajtagbieng feppgagie. e @ccogg)hgth%seaggpqﬁ]e all or some of the processes
619“t1§61[%ht141h'a9@ R MWode §0016!0nNGg.| J0naR bA L& dUSAL, pldledsti614 and 616 can
ine, heat is delivered by a heat punp 710 shown
beéﬁmtﬂmgdmmemﬂélatle bei ng derived from energy rel eased in
t hngIEv&lﬁé‘ﬁﬁs% aratT(gH € Qﬁ@b; 'h§d1%§a§90nt Qas&etﬂﬁsttbg %em using all or

reactors as Icted on heaters and
some of & QTQ";W@Wﬁl@ rﬁhquglg 6162@ FlBaZO a‘kféowemem@f raberndipxigd and syngas,
coBRREMA S RANSRLA! yASATI AR AR 985S e
thani lngher lpressute Halprerfa‘,redh@abodlmermahd:rv as @elmpl far téreletmgtién of carbon
d1oexr11 e HQE {es,lué%cg 1%)3 %or’f&eﬁ%atw]?_.kﬁf 3 A ordsﬁg {h?lve?(tlfrfr: @ox&sequently, by
chmtghigepmssshOMa o¢patatgl li@dd,t ©@4 wlt evap@mtrb first iasdbhgrovessed through

e i CPE S £t b MR h O MR KBRS iRghdbnsate or

andl 0p @ompduntiheanfeastd i lyqilﬁf folth e, if Baatd, Iei?apﬂ)ﬁitd:d/zﬁfd&ﬂndﬁtlaned to gas

t he_heat ex er 71 Fig. .27, he ei deri
“S?’E&%Oéﬁ%fflﬁﬁ)fc stﬂsm &6 1%?3‘1? %Eigo?@ 9 ) tipcigpidgy of Ci and
CthﬂIfochl%oﬁke ayiab, baid| ®kerf @Ees&h@ﬁ%@oﬁ&lﬁbn&i&ﬂﬂoﬁ ﬁnlﬁﬂ iftb @. controllable

heaters and coql ers shown on Fig, that are

rela% 82% ﬁgalg Ytipelhel sope ok thg peoceitentfddhigpsh ‘??c%m ng and
out frh@WiNGe 9&?@%@' 1807 (lS}Qh@FP Qﬁlfa@ebh%ﬁyr the 3&s Aust® do¥i@rted from an
heat from or l'i ne. hows two nore heat
inpyt spRditien poambine tP’é‘éVé‘l“F%@‘ldl Prﬁ%,sgre 1@4@6 icgntgpllpplggelease to the input
coﬁ’cﬁ&&ﬂtc}f B ke fﬁ”f%b&&l 12%5@ hPP 6L in fhllé erﬁ\ﬁﬁhﬁém@ ABin, all or some of

cool ers shown on Fig. 2 that are used in isotRernal

th@pIPfé@siw élwhacﬂl@bﬁ‘bfm mee\n@veaﬁnﬁl out fl owi ng gases at
t hi gﬁ{élh% ?%ﬁ“ﬁ%ﬁ@ﬁle Hl%@trcﬁ§sefj§|th YEL elﬁ\%?etd tfcnr E gﬁtsﬁiQ of this plant,

evapor at ors” and condensers s
thedi igals@@ugtbe gonfhgonsdp Hria¢aming plktdrom the electrolyser at a temperature of 130-

150°C and pressure of 20-30 bar. For delivery by a pipeline, oxygen must be conditioned to a
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steam are either getting heat fromthis line or
deliver heat to this line. There is also a receiving

we 6099533 heat punp bri ngi ng excess heat fr om PEEUS2006/009710
carbon_di oxi de se aratlon line. unu%gd heat in the

tyRiAE Paneling PrpRIra Béé"%a@ambéefrléaewparafws Oj 35gompligh this, any or all

pr&':b%éé mtﬁl%ug{mwnlmg MealBStRdheat . The ot her Ilne on
he carbon di oxi de separation |ine.

heafsémbarlan rrcowet delivesivie die [iger-geperaonatica éemseélen there, and
dehv%?)% BeLABdn BbAIS YR 6 RANgss, Qf ptddeQB Qe herein for such purposes

outTl ow nggases at a tenperature cl ose to carbon
and| prgrdnghe @gﬁ&r%tcﬂ@bﬁ wed| i quefaction , use or deliver

hea i Skl ne. . .

con lé{_lllgagl l%r éﬁ%ﬁtf&]n&ging fé?lﬁlgé{c(%lrrl %g g&%ggécglfnzt)l(lé e way as described,
busfop éﬂhtmbou@ﬁ@nmetdwp agbpredsmg. heat fromthis I ine or

deliver heat to this line. The carbon di oxide

separation line is used not only for separation of

car Recycling Of dkeat me Thé Fiselnir-DrapsohrSubhssemblyput of t he

acto al so .for ration of C3 and C .

nyaFseaRBbn L PEarRiar m FRRH iR dteciofe fe fnsjor source of

en@kf tddbile alags plocdskiag Efl'thfs@a?aht aid solifve o€ additidlabéeddtic energy for water

excess he I ect| . of a hea t aki . .
AHERIE RBaDer Fhnts ML Ouiedrakfaaie BhdRidton IF figembodiment
vapdit of thBevonitiRg Bid th b .thdFeadi6ik hROdisAbutSE AR kaldefdatifi th several heat

Processi ng Carbon di oxi de can be delivered to this
ma&BﬁS‘Sﬁ"at us typically by a pipeline at a typical gas

pl pPahé AR RLESSIT1O 194 h&P pﬁﬁﬁ pﬁﬁﬁn%\%%ﬁ@i@ﬂtfmm condensation of vapors

erature. For input into subassenb

to ghg NS et digrdbuging [lipe. p@n theugayt eighe pendrnses workmg fluld is in a liquid
phh&IPESRALAG Gon BH qufen this enbodi ment, and operating
pressure |1 ke 25 bar. To acconplish thls all or sone
of The sgprad awekise G10hash pxAlghecs 14hesh Waley o {hg ejegkolyeer temperature.
A %18%&1%5%?:1@9&&61]‘65% c‘bﬂfen%ltlggtogg v% ﬁﬁ 'fﬁud@ Of‘lluE] grog rcr:uﬁﬁs tuse all or

erat re an ressure r _
soine Oédwcprme@we @10 droighplbtonrigje. 20, |amct thetelmtrﬂ\mer that is generated is

deg‘%%%g ti‘ggg‘l‘ %&82%9}%&9@%&?&135‘@6 to a%oele%grﬁ %E Egée d&tﬁ%‘%mg liquid is

relichied duotyti¢ Fbdline amh:mserdeta otagh thesE%mtmsSftmﬂmmtur_e and pressure.
2?83?1&3 %hcl)r%rrréarggnng 1srme§1tvermf% I?OQ 1%tS ea%rrllow a‘i ceh{TE% f’ilon rncec)ec}):yﬂc{gﬁile,nsation if
su¢theat is seqairbd enialahmmrﬁﬂw Ingthis Tige.acconpl i sh t hi s
separatio or t he processes t.hr ough
o1 e oot Bpove e BT B pitet PoBT Samiae T0atih iEpemperature
at pll’eﬁﬁzﬂﬁ)sﬁﬁarﬁiént adval. 6116 eleatiic keﬁergsmbienasﬂ%d 0 ﬂw&%dﬁ?ﬁﬂvme line and via
After eparatlon ases nust - recondi ti one or
thip ling fpdthe plpgiEabusss tﬁ@gﬁéﬂ %@ carey dveBLEy e KB CHoYERREYS Liquetied
wikidg Ui U0 Fecbrgreied Faind - reldldted GBI RO Predb X 126 t@hRSARE dfNthis liquid

the effluent streamon the output of the third steam
CoREaPU tiEm PiieR FREIRAES FipEREEATRGE Eathedd wagers deeepoling them by
evh'[%rzﬁg)na Wk €3heRbd RERE BSS SRDmSHIE Bee?t‘%hsﬁmuﬁgn 8RS OtRt L@Mple of the
car bonat e absorption, pressure sw ng absorption,
waligg fyid irwatega At highe BT ioperatinglemproiress ethert fids like ethelyne glycol
cafibyg@gni cs (e.g., Ryan-Holnes), or three phase
cryogenics (CFZ). Wen liquefaction is used to
separate majority of carbon dioxide, then all or sone

of Wz?tepf‘ge?lels > Fite Eﬂctrolyser
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Fig. 20 can be used. In this enbodi nent, tenperature
Tl is anbient, tenperature of condensation T3 is in
WO 2B@0vsnye, tenperature T4 is equal to the FTPCEHHES1006/009710
tenperature,..2200CG i.n.this enbodi nent, and tepperature
T | On e ah. OGRS LA o [ B Erelaelipser.s Qe 1§ Gpming from
muitﬁilesso%{:fQQ Clit RESHE ferrkdy B10GRIR ok dnuch §atef fro@ARE Bther processes in this plant,
subassenbly is comng fromthe el ectrol yser at
speeifigalis o the BPEFS raasersHRITPRLoRa fropy B3 §i reactosh fepy sgparators,
froﬁletheometr' onedod chan% %Q%tan qn&! Qnﬁ %t&scone&é@ tf Rffinthg. Al these
hi's embodi ment. To acconpl or somne og
stretan@ op Melse srbisc@iog wWhtcbrg At feﬁare@tﬁerpip@atu@a neeghofijheny grognd ambient
b n pii gd y
telﬂpfera‘flﬂg BﬁteFﬁ% &éétg}%sgélv&\ltlhgr s dgtvfl%(p}}daé 5 -IEI %kaﬂgl%%gﬁr% 20-30 bar.
Adﬂylpnrdhrl, ambemrtelndﬁghsmmmamm thaet el@nmbly@mmuseh@momdua@ at below
S Iy, car bon nonoxi de
corloBtlental B Gl BRRBERIRAL: T2 "30000 T hi s
e nbhdhe’rpmfe;rred anib@dmamtdwd uSeONa:oq'Zrélea’(ngﬁ@ﬂmgesé vompression t@ Gondition

thl% Yﬁtef lc; Slifglhte%.g%at&? ﬁlgi ga% t]éeoelg(ét];] rl}gglp grg%sare {lj%t %hﬁsev(\)/gtes er absorbs
eletkol ERE bxckesk Hedtadt dekivesd haBxdeSs Issapawaeenh ths maﬂébbie}m‘at dehvery, part of
.tte erature.ia BIIS enbogl?rrent] To, acconpl ish t Wh

1t cag 55%% ysRorizefto gelivep, porefieat ipelasirglyser ypal ré’i"occt“ﬂ?l%t%‘ en in
theOrhddeaddhdah 8bsRI e Swatbrl @mPBrafkis 13@eCthain kihﬁtﬁésﬁaztrol%éiro For vapor

processes 614 and 616 can he conhined in ope
COTRPTERSOns &h F SO tB%Pf@F@Sftsrﬁéoé@ewlﬁm%'gc%%?a%d&@f For water

hedag!E-0fe KQAERNGL | oned for further processing using all
or sone of the processes 618 through 622 of Fig. 20.
After the second FT reactor, steamalong wth heavier
r eshEifoiitgicocar bons is al so separated at anbi ent
te erature. To acconplish this separation, all or
legifortith gorpiyod esesr&ler@ntstmthp Hysieghofethe psesentt inkengion d88s Controls

o A DR HERr AR AP i

The epbasical ilayer cOBpased S@BOfW@deOMIFabD‘ﬂ dask dJurptional ddock of the present

1nv%ﬁt90%rﬁ)tﬂg%% %%E&?_.PQ 111«:218 fo i o ctl%B thﬂ? éer 12 3?%? ggeglg%c%as or liquid flow,

ow cont &nt
predsmltd@ewmde,sgehgag arrmog:dﬂmlsatl on can be at anbi ent

njggc?t g%tﬁuartc?rs AL, %umps orﬁensgrs and eva orators,\/\%?ectrlc generators driven by
exgmmabe tLﬁﬁdesa abade menirs dlﬁ\hﬁ ﬁ)nn[ﬁeﬁel’s i ;e afidliquidfidenisattieoor valves,
meg a@&:a El @Eﬁ%ﬁie Va{lﬂﬁ% Vzme§( 1new§ré)&%gﬁqe}%ﬁf§r}fu%tsé ?or perforcr:nance of

a celRan @inbgorPr essure of a separated liquid, CO2 wll
evaporate first and be (%)rocessed through process 624

t hr dﬁ; Rregessd e ups @St“%te SOIBTé“t?rrRSB‘fesﬁuFﬁ Bith prdu to assure safety
an®BSERMRLYof chigoicondensate of C3 and C conpounds can be
used in liquid formor, if desired vapor ated and

condlisf %ﬁ'f@fén eontiphfungtagns gf Gis nysntien 190 igelidsre processes
624 t hr o@&ﬁro@ g&nﬁ@t@ cblgvers%}r o 151&911111@’ carE&Fd16ﬁ§é gﬂ@l:ar%n monoxide

drocar bons,  syngas, her gases must
lntheR%ﬂSNSpmhb'd for input into a cont roI | abl e

. Control gas discharge on the output of the Fischer-Tropsch assembly to maintain
a predetermined level of hydrocarbon or other gases in this output stream;

. Control of hydrogen supply to the input of the RWGS assembly;
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rel ease 322, again using all or sonme of the processes

618 through 622. Then, in the recycling |oop of the FT
waeisassesnbl y, the gases nust be converted fronP@ErUs2U0p6/009710

~condi tion of anbient tenperature and ressure in the

“cont r ol | GHitE! efdiydiggen sugpky the iyt ofdBhET fisemEYof t he
fi rf’fg s.FJ9. 5?@1@&85& vaﬁg&og‘}séﬂﬂ &Othg%nﬂrél bBEe3ses 1500 of the present

iment. Again, all or some of the processes 610
1nvpmqgu]g]9 6111g %‘}]ﬂ}np@atesz@ngglnofbt@e M@S asseplIy- yThg pssg;gl)abgwpose of
cm&t&?gi( gle (}?btg %%%&E@Et% bd %12:1 | ? A af ?éég%ﬁéu(gﬁvérﬂncb‘ﬁﬁl% carbon dioxide
intg carblint ol ulsimglf®dkmkncmgr0but fromthe el ectrol yser at

e 0 SUr .
Forﬁg& &a'ilyc!n%gg car%§19 d1c1;t§dg 908&9011@& Q/%‘a y tlﬁgﬁﬁngz agbgllkggé c}jlavmg a
regutatlag y:kmreat dpvqneb)r ﬂe pnmsdnwa @50450Abﬂpwan@telah£ﬂ6em provided for

. te t ure. ac this I S
ek SRR b GE SRR 138, Wl BB GRg cav
moawgem dxelounpergf theaRW&S dpsaniigy .- geupeusa;f both nstteraane fed to inputs of an

enS SRR P00 h i e b e 2 REE P RS 25K ot o
thlpﬁiﬁlﬂﬁ&eﬂrn%ﬁa@ow&&&ﬁéﬁfBMon Fig. 20 can be used.
Sim | arl%t I‘Fadro gen fgr use in refl ni

ng. can b .
pr o dawu tbRR TOReK Woggs speadler than, eﬁb%{{opg? the error amplifier

ou%ﬂf feBERPUriIbPEE theRRaMmAtsLE BarBBE ARKRIS IR mAR@Y GiffeRRBee between
Heat From The Fi scher-Tropsch Subassenbly

botinfloms spgiler, w&%ﬂ%ﬂva@%dtﬂl@%ﬁ LT fﬁ@%‘}lféPOPTr opsch
r eaﬁlt BES30 18 shd¥d HBEHrob OUEE BT @fseRBE! A¥e te%eﬁ’t‘f&il ‘15 8del of the control
apr ocessing in this plant and source of lipl onal
segnblnis rtwaltn@rn %&tﬁ’@rle‘@lsékf iy &psashag or eﬂlngfges Iikp sypgas on the
i
out@ﬁﬁéﬁ! Jﬁe ngsg%ﬁl g\g 81?@9 ggtﬂﬁaﬁé %(? Eloﬁgﬁxﬁfnq)ziruzg %hgéhg{)gg of ts%{]negas out of the
FTraewotby scyetiog iopt ri buted for condensation in several
hea T t chi .
pu n%i c'r%&ﬁl e;%?%lgw 19&61];15;2? g%qgeon Sogﬂ:l%of;f 8 a&%ﬂﬁawy?c%ated prior to
thet $pdittBAVER. h Sagnaldfremrthis Utdvomeler ne fedCmta e epot puphfcﬁff 1SR@ where it
cor%gngsgﬂztatra’ {)e\r,%\é) ncenlgxfegt @lgtputﬁ;fl His amoﬂlg%f qeeﬁ_p %2;?0\&%;‘ drlﬁer %528 that
coﬁxﬂsh@cmzj easntttobelhmatt 1932 cifrthet @httdsre‘izél ectrol yser
rature. S i.s de i
contn gt Tt ettt ROR ™7 1L tEedRlele ol g saro device
1532 hllcﬁ)\t’s e&@tﬁ@ dﬂluetnh gasp6 eeepsash GhOthe iamugtbf ©duirad gasHis gept steady as

BN RUER T LN 3 A Mo —

md1@aﬁch€d@e§@ﬁsre6ﬂ:éé§€ahdvaBGer@eUtf| owing liquidis reheat ed
fromthe FT-line and conpressed to match the

r ea&t Bles 31 dnrpfoma i omf op Pedegmesuprpido tthi W%élrhaf»ﬁémbly The
esdeﬁtled %l.ug))é@ dritds !9&%1 is RS Qup ﬁlﬂ' chidudh@itiro@éSior tRWesifd Ho/T@ratio on the
condensation if such heat is required to bal ance
OuPPéh@f the BWGSsubpssenblyne. The residual vapors are
dri lﬁloQ&gotalﬂc&hlﬁg thibn BRVRE iORBRLAHYYy thd Sind fibly AbkdraB06. There is

tenperature
another flow meter 1544 of hydrogen. Output of carbon dioxide flow meter is fed into a

multiplier 1546 that multiplies signal by the desired ratio of hydrogen versus carbon dioxide on
the input of the RWGS subassembly. In a preferred embodiment it is between 1.5 and 3.2.

Signals from the multiplier and from the hydrogen flow meter are fed to an error amplifier 1548,
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at preferably an anbient |evel. The electric energy is
delivered to the electric power line and via this |ine
W e00bl0g95e3 ectrol yser to add to the energy del i R€T/E8200§009710
the electric power plant. Ljiquefied rking fluidjs._ .
ang QotipR s YE GRS BHRAPOIEt RIS Bl (6ods theariver 1552
to ESHABES RfdWSeRn BbwirbiuBatdr 1694, Ay dal Be Qimble QB HrbBEE.
condensers, and returned back to the FT reactors for ,
cooHydigeeis miprlicd fenmb et dlestolyseat df isi anseafeatoedpagkileg. Its static
coftiidn &"BMES H5Abs AYRSdeh Btich AR bhB&: frdR @nBHAPIRASAS zero. If the
the working fluid i's water. At higher FT operating
ampprtpereathon ebioxidst wpplyf degicasss.| thive therehwill broa glgpeloon grpugmut of the
amgﬁﬁg" SX?Eo%dLEQ%@ 192 1538, %héa&t/ﬁrg’é % Ffak Hs %%19. we' show
rocessing o water to feed the el eciro yser. \Water is
configg 32 slmwsrthe canpbkofdrydragers suppty dnsthe inphieefr thel FT subassembly. The
r cle as c : e r S ' '
esds R Bl B Bl 8o (RO, e B R B B3R bbb betveen
thesepammt 28 and tlensplitter F3R foealet desged pednctvaperigtiocabons in the FT
from li he burner-generator steam separator, and any
Su%gﬁeﬁb Yol lected in refini ng. Al these streans of
wat €arbai dndrogidei figy Wahesasieéd bata diofvf meent1562 and hydrogen flow is
t enper at ur es of them arqund anbient tenperature,
megiHeq Pt BIRGE TG vk mRiare PUbid BORIOOT g A SEnél fom meter
156D ¥IE@ 55£ thultplid0r588 wWRfe thddalitiplienéletfitienfiepaddontethe desired ratio of
certain high current density the el ec%r ol yser nust be
hydrggimele, caghon mAnoKWe SW thePRERN 18 PrElsied SMEPEifeRth# 1s approximately

tw8| @RiIAOLY B8R IrafidISh R iRALEGe FD dubRsdMitdy,ehdebhries as a function of
enmbodi nent, we use water heating/boiling and

opeati @aditigns af g seesifén WPLAf thanl § repgtpehershy degrathed.

t enpRiALUWranA el 15684HRGhE AbYSBERPTRASHE Ged R8I &kt Simplifier
wat er “ei t her absorbs el ectrol yser excess heat or

156f%| Pytentsofthie amplities Jeade atcontyh driverr ST h éhahpeiecrop regalpting mechanism
of qfﬂ H%%gﬁ/ ﬂo@acrohtircﬂfde'vitc 4394 Qx@t ) s L 1 é@q tfn%_tt%.el HWfigen is fed
froPe Reat f y en

to el ectrolyser water via condensati on.
frannthe hlectnayher dfoulgk dtis By oentitol lerml S7dx the inpangfahealf Tisubagsgmbly.

| owey . t inot 0 r r [

i 1 T8 By R RuEh I S Sty YRR b BIRER R moune of
hy&@gﬁadelb@radsiedtheﬂw suWBEmbbe@t jusgriglt- for _rtbe !desitedi wefficient of the
miffy, Uik SRR ool Rion R, G 8 253, s A Qhen o contel
devine13Tdevil bp mgalacdlto pay &xss Eyidogennind elcevarmput ers with

sof re incorporati coptrol. algorithms. The . .

oy SERs #1568 1o el uboliar8 sl dt et ooter digip mechanism
instdee tih eeadrainl A€k Otodvb@idaaesARblldrnentd ARinkAOliNAS level in storage

sensqrs pertinent to its function - |ike gas flow, or
tankes 8¥ ffef1@8yas or 1iquid flow, pressure, tenperature,

vel gtdcirie ERdFRY Usadeher s. The actuators are punps for
condensers and evaporators, electric generators driven

by Ex{yERrD frblew THBAESL, lBisEeteys the calpilafian of effinisngy and electric energy

usERIPUEIEM dhered@S and liquid flow throtties or valves,
mechani cal regulators |ike variable vanes in turbines,

and others as required for performance of
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a certain function. It is preferred to use distributed
conputer processing with redundancy to assure safety
wa@paenpesesd i ness of control. A list of main cone€@DUS2006/009710

functions of this inventi 1include: Contro
conpl ete conversion of inc carbon dioxide into

car bon NOXI I n_ the .assenbly; Cbntro] gas
discharg@ngﬁyﬁﬁgkéﬁﬁﬂﬁgﬁwsgﬂﬂgfFischer-T'opsch

o maintain a predeterm ned | evel . of
Cm%y%?gg eﬁ%n or other gases in this outpu ngreéﬁp co Co

f hydrogen supply to the input of the RS .
Eﬁ&ﬂmé%%%m’mﬁbntrol of hydrogen supply to tH&% ppii* pfan | max

En&@f?fgkaﬁﬁy ly; Figs. 29-32 illustrate J%ﬁgo 578 | 510

u
ens o e control processes 1500 of 2] rg%ent

Em&gyﬁg hﬁ@s%%gumF'g 29 illustrates contr3I4§; :%ﬁ RWGS )

e _essential purpose of contr e RWGS

Emﬁéﬁﬁ&ﬁkﬁhééﬁ&@ substantlally as p055|ble 3gyﬁgﬁgh (146) | (176)

ifAicom ng carbon dioxide into carbon nonox

Engrg}egp%esgﬁgt rol. Flow of incom ng carbop Z@boxilgg S133 | 100
controlled via a throttling device 1502 having a

TOTAUHIMOTIICEINGTRIY (FHEE)ven by the power drigygr| @4, #5 | 434

flow meter 1506 is pr n\/l ded for incom ng! carbon

Higlihextinderafb HHVt)Bﬂ@IdEdc@rb%ﬁ@&npaﬁn&second 1 bw70et @0 158930 680

bon mnoxide_on the olt put of t

qiyjlﬁﬁas&@nwdm\@m)ﬂs of both neters are fed t® | 119 | 157

M, and-t hpse

Electnp ehiedgyauise pealnituf dlghthedthgiiva (TREHBON) Y. T1h4a out. puf ogh 0.64

Lor r~|r| Ves—BoWwWer rl VF-Yd 1504 unt

l. III O G.II’JI I 1 CT | SATAAS O T Ve T oo T T Tyt Tt T

Excesy (Deficijmfid¥Ed® becones smal |l er than car bom di ox0 de(16) | (36)
tha areoar opaal £ A H-put rlur\ac- rlr| v-e r\f fhn
U CT 1T701 aII’JI T 1T CT UUL |J I \-

throttle and | ess carbon di oxide fl ows making

di ffrﬁ'i[‘ﬂﬂ@& et sweamtbad Bref Shows fSIfTﬂJ/d ecieWdF a6k @kides. For each
t|ve f eedba i oop. .In Fig. 30

band h of this ne
SPqeKes N ﬁ%e’@g?ﬁ’l‘elddp ffollqyang-qxe, hﬂ?sgﬂptwneé@éwg it frinimum
ef fRUMPP IR Bdmbikel GOBAd Bbluh, hltall LamssS RIABIMY tbSmi@mum efficiency in
i nta gn certain | evels of h drocar bon or ot her gases

angthgte BEYRRAY Iieliperkasoupiiuel tht Nighbeasiag ape f coppbuptiopips hydrocarbon

coﬁ*ﬁdnﬁﬁ(ﬁl{v NP BB aoR] elfdit Bheiy Qupl%h&f: hathe %r&:fessséfﬁgﬁé IPBHE from an
of the FT assenbly recyclln% oop. A control gas f
12

extgpksourcs §BER Elwgmcﬁm@wsw finedpy 2 seginaecsbradpe ofjefficiency, as TEE
ovér@fipyed prior to the splitter 322. Signal fromthis

flow nmeter is fed into an error anplifier 1526, where

i t Bohplasdéinewt {Thbla 1y &f excess oeddfisitelf ele@it purrgynis shéws For example,

Gl SRV oA Bl SRS DA i
engrggaill berdqeieatbtak the digh, heatin vatueaofstoeddstiopt dithgdrocarbon compounds
pro%ﬁ&%' tIh %Qaset c!}%s !g%vagr(l) mefae ag & {n%ut and having maximum efficiency, only
10% more electric energy required.

In case of carbon monoxide as an input, it is evident that substantially less electric
energy will be required, as carbon monoxide has certain combustion energy (versus carbon

dioxide having none). For this reason, in case of carbon monoxide as an input and having

minimum efficiency, 16% less electric energy will be required than the high heating value of
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1532 al l ows enough effluent gas to escape such that
t he anmount of control gas is kept steady as defined by
wo b@otefses ence | evel. If there is nore contr ol PgEES2006/009710
ow control..device opens nore_and re

uces .
CopRGOR P B SRR eEgior T 40ess of PR REUGH PRRoYide as an

ingu@iid kin@ imaRitER 88RieHEN RS 16s0. t he RWGES SUbassem)' y
The_essenti al  purpose of this control is to sup

en o[E@fh fofloginggisn2 deicripin ofe e raiiesf dableat i thcgﬁntfﬁé simplicity, all
en&BiePitt sRfwi 118 VG AURSSESHAL YonvEl QA nih fyﬁﬂ)@&lﬁbrp&)mpounds

carpon dioxide is nmeasured by the sanme flow neter

1508lectris gnerey gequiiest foe pleetrdvpisraftventer isawesm X @né géhkJ per mole of
t,c0 n I r f

hy@d%é?lu asI écé rfﬁl?_crst%g %fﬂ ge?{ﬂﬁ%?%rlé . | e\i‘fﬁl&f é:ﬁg t @éﬁs%%?o@dmg dsothermal

operatitng T@fthmyl@fe@gé gmbedigegst, Hds boimatidokatdhis d\nll Hh&75 kpuB.1 moles of

hy@bed e UG é@@@@rgmgmg & Arfh A ideChhu TRty gﬁglécrth&ty will be
reqaired, fhaeh is fier lmtl@hrmgle)pelfaholw Retleweraugerftaldnditiesathisemroant of electric
en%g? lgzlll {ow%15 ?(% a%%&?% F l(l)é []opﬁlr(ﬁd W C r|1 sucfl at esgas htlshdeflclency will

I er
be dupplied frém3Re blthercpmctess}zh 11&thrsyp1mn g Natufdlkyy\fdt ﬁghbmunenﬂcﬁﬁélues, there

wili‘ﬁ%g:ﬁiieggj& %‘g’f%a‘?eﬁg&ce né%é/ ragcil 9%(15 onallt lfea @ué}{) Qvltc]e.ie§ome of this heat

caf @ediragded amp. febdifg Sdnatlecrat@ptlicldcaitalls Vi ebdclrRWpblv@Wgeneration.

f en en the output fromanplifier 1548 is
Nafigp ) 3 RO e e e f SR brret s peSe B rease
deCTl‘E@RWGS tri@fof HE hddWalely BRlomefhigNal Bfuited S70Ut RUber mole of
of the anplifier 1548 to reduce flow via 1554. The
copvgtfet cebqnylieXidre asaTupelqn of ppegating rouditons- ks I%Wheéprosﬁss that can

1w&wﬂf@g@ﬂm§ﬁﬂﬁg$k@p the input of the FT subassenbly.
The essential purpose of this control is to requl ate

t he TheabipghesTrapydy gepsian isohighly ssethermirostidduodnses\etonl 76tk per carbon
moRSRAE Ho conedte@NAHiNRaG LI b Saj 3 3BudcO br &1‘? 1@% élgﬁjc methods and
production of hydrocarbons 1n {he FT su asse
sys@aon nonoxi de flow is neasured by a flow neter 1562
and ' t e
oorOBPERSRT RIS FRASHERL GRY T B8 o200, B0 gt o
recedrdike 1562 i beafipgs, tﬂ@ctac mokars, plaheerness ctifiers.agadifteon and convection
los dﬁﬂdQ b&n%ef{'{) ﬁle%%erén% esn?ﬂl@ 3 otf Ii]r% %?SI ’ Floutﬂ%wmg products It
car bon nmonoxi e on
is 1p1peftart rccenlote fhodiin®ry Josses in Evaﬂ[bfeqxd)dafash@ ()f davds and liguillathat count
8. Lallopon, L.nput of.the FT sybassenbly, and
d“?/g‘i’rﬂr%cs?s%%g 5 FiR @ h@% “8? TR0 41 ‘ﬁ&mﬁ%‘i gﬁf &‘8%?;[)838%/5 e n the range of
lsapmbkﬁwznmypﬁcaﬁoﬁhexﬁg reactor hereby descri bed.

Qut put s Itlolier 1566 and the flow neter 1564
ar O Fomafhe df e B o Poire S AV Ep CORPRS Vi diferent
col@Btib erikgifsC FdS this @@ambicOthe Bigh Wedting ¥4lde bN@SMURONEY i§ ukd as water is

ulatln nmechani sm of a hydrogen flow control device

usefy eyl o aBIRGES 81 RSRRPURLS. St RRespt IS W ARt ehagrgoximately

676-880 ErRRbid@n@drRalh®bY &Rkidk Mogh this flow controller
1574 to the input of the FT subassenbly. This is a

negHeing all thsseimalass, Mscouny efnpu elpchigt qugsy df calpidated per amount of
highMRatifd §hlud 3P SombB&ioR BURdrRhrbon compounds produced using that electric

energy in the process and system hereby described. This range is between 1.4 and 1.1 when

only carbon dioxide is used on the input. In turn, this means that the system needs between 10
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hydrogen delivered to the FT subassenbly is just right

for the desired coefficient of the multiplier. If nore
whyasogesm i s detected on the output of the FT PCT/US2006/009710

subassen‘olé16 then flow control device 1574 will be

to FaBunee sleclis eperay Torisar axirgiab sRatce htis\¢PRiaingLndhigh heqlipg value of
colnBustioft endRg G I lrdc &%k cBBuh®! Wil enld Brdddbts EatBon dibxide and water.
regul atesa water drain nmechanisminstalled in the
dr aiThis qoergysusase nfpserebly rampaighlerwith die ensesy psgee of coal to liquid
| [ el
coﬁ‘f\‘:’rsg(%rf;"l (f:h %ll?] gérﬁ go{ggg émdl EaSStFmg?igth?P Erfer@\/ usqg@fnriﬁegﬁmge of 1.7. In
boihl dagest theiinput is high bedtmgivalue ofeider el ¢rgasncy and el ectric
ene u e a
e R
mawkide & ustbfromas kxtspetiosss, wiius uahgwsbcasdlmfbd dnigslcisp, the system
wim?xg?cf néjllel c% Tds gi’éh‘éﬂpéééﬁ yanﬁ’ﬁéﬁéét E&J tRé‘re@Qr‘ée lvﬁt%ﬂ%ﬁ%hltfgreacit?rs Then
enangy m@ﬁlub(bﬁdlwayerte@cnﬂyslnwm bé fu e emgy OIf 273 kUtok times 2.1 moles, for

i i y i defined as a ratio of t
S7E (- B Ebn, B ERPish SE1 s B 458 hiBatine i bl eoifings by one-thira
dut hﬁelinﬁhzﬁion?f e RWGS @fteég)anes tbdn cﬁdmﬂeosephetlclmpm@sss s@f&vill be 100
nt from n extern sour ce E El ectric .
to iﬂ@lﬂgy SEesylis 1y ait Fregrmale %“P&@F‘@V &é%FF ﬂ%&?%@ee&r&é4 and 0.84 of high
he&frlgivaiue BE HydrésrbbEo@y&indsHV. I n the last |ine of Table
1, an excess or def|0|} of electric ener is sh

For 18&hpY%esuch feneticialy oyt uiges ﬂ@e%%?l%rﬁuagl&é. s irigityihe following

Inﬁaﬁﬂ&u@ngwﬂgwbagaﬂhﬂbnyﬁh@ﬁf|C|ency 40% nore el ectric
energy will be re%U|red t han the high heating val ue of

conbust | BiemdfisdhpiFiopseh o R Wonpsina e prssuced. In a
case of F'Iﬂ‘nn isCrRL Q%bsg‘l X {1% fl@arofi‘yrke rh@“&oné‘éh@atlb%"hélg of steam, if

maxi mum efti clrenc nor e e ectric ener
requirequmnﬁcase of carbon nonoxi de as an |nput it

IS eV|de Sl bst $ electric energy

will IFC ar %‘B‘F‘IE% 4¥5has certain

corrbust i Bﬂ@nﬁn@ﬂgmdp@dhsw&h@aémyssﬂ Qxh gl eesliayl gt fPBRYtric power
For this reason, in case of carbon nonoxide as an

i nput anaﬂﬁ%WP%g m ni mum ef ficiency, 16%less electric

ener gYs Weioln 1Q%n{a?géé'eﬁﬁﬂld&g—%9netreh§rs i ShoDe @$1h15}gss¥1‘:’-‘fn5§>rs and

of conbustion of nydr® ca' rbri conpounds produced.

case of bwimdnteranlbers/limyivoxpelersate mternah pgas/lignid h@tqrm glsmg phase
maxi mum %].ess. The following is a
descrlpt?%%&g#ﬁ%ﬁ%mkﬁﬁ?%%§ of Table 1, wherein for
sinplicity, all energies are shown per one carbon

dio nt o hydrocar bon conpounds.

Eleéygﬂgs Hi @VE¥SHE$$%83?“? el ectrolysis of water is

bet \ﬁeamdlfzarﬂ tangdn@? 8@ KD r@aeror@))kce cafvehysgtiggento lagid fuels, it can be
f tenperature angp% gr current [

t] t .
B e e ST, Sraro By B PR i Ry o 1By gy be accomplished
lmmgbadwn@mﬂmmwﬁmls estimated that this will be 275 kJ.

3.1 ol €34 am, — cH, + 10 %
In addition, other various hydrocarbon substances can be produced from such syngas, as
commonly known in the art.
In another preferred embodiment of the present invention, a plant can be located in

proximity to natural gas fields, to take carbon dioxide, and deliver CH4. In many gas wells,
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hydrogen are required to recycle one nole of carbon

di oxi de, thus, 853 kJ of electricity will be required,
woRi06/099533 f or i sot hermal operation. For | ower BUF/D82006/009710

densities, this anmount of electric energy wll be
therep igesubstamsial amownk afprgon fiogjsles perhaye ard SP‘BWQF thepyarg fdgsed, for that
reaSES € Thd RiWGE %B«?] ‘F‘Teﬁs%sé% | discRSedSHRPh i Bfhe fih@Mck B8 19hA&dd, using a

processes Int [ant. Naturally, for higher current
Sakh¢insicadtien;, t here mnll be a need for nore electric

ener gy at nust be renoved. S of

this hegg9% %dgébr'ggcpid into feeding an eleggfolyser

el ebt thiscbéogs, sinilag lapounts ©f ybme rpéraeadatsi inrthe Nhtpeacass| (per carbon

at, gan b ner gy
°Xﬁgﬁ§mﬁp mﬁwmmPP%*:%@eafégg ﬁ%@g%pégctlon is
rmd@watcﬂfeyer& nekotitver aith be anet replammg e]me EFeldstd BT PerRWoiSeprocesses.
of. conyve carbo uncti on. of
e e S E S EORERER e Modin €7ns Bl PSR adlisepy The egpais the
metBfoleasdhine® (MTEYpiotest.hi s pl ant. The Fischer-Tr opsch

reagti.on i.s highl exothe m c.and s. 146-
b MR B 1S e AT 1 ST B GO PSS i S g At rogen to
pro¥RiOfarSRAULERXRE al@Fhtet, Bhel Nirgi RlGR0] pfetR Qs tik\fme reactants as the
systens. O her energy needs cone fron1ene%%
revarsgswaéeart g St gofetion pith shllerentycpfalygfseans; fepetiqyy qongigons to produce

meHRGOV €Thus] #eanb@SS&RbddImAIR A kRYSteseR! BEduiios, HORIWES reaction can be
transforners rectifiers, radiation and convecti on
subsjuaddfor the Lutgher ¢w@pm&ﬁ% bsiRgin t he difference in

enthalpycg%ﬁﬁgcg papgpout fl ow ng products. by is
inportant to note that 1t is only |losses in reversible

pr o&be sichgnafpreisess framdhis irepgfiens ist then used i thedfd Grrgocess with high
[ son, it is

e 2 3 ool S B e RERCT e of

1503’\2@?(6 theJinyraionrbdseeor disdedod in it wrdeded fodus, pwﬂlfhe@npétlﬂé to those
Skldleﬁl in fe Ei{l) tk?'at Sc’ln Iﬁgfélc%r{]ogl? O{dcedg}éf?{:%@@ thmgg mat & t I'EIIH without
depurgrkg fremt uhn g;pﬂmlaué socﬁpeomfnthusmveotmon sndmedqlasalm ey satsforth in the
folgse ggr recycling. In a mxture of conpounds, this

NaPZYH™S on the order of approximately 670-680 kJ per

one converted carbon dioxide nole. Using all these

val ues, the anount of input electric energy is

cal cul at ed per anount of high heating val ue of

conmbusti on of hydrocarbon conpounds produced using

that electric energy in the process and system hereby

described. This range is between 1.4 and 1.1 when only

carbon dioxide is used on the input. In turn, this

nmeans that the system needs between 10to 40% nore

"el'ecric "energy"fronfarTexternal source than is

contained in high heating val ue of conbustion energy

of hydrocarbon conmpounds with end products carbon

di oxi de and water. This energy usage is favorably

conparable with the energy usage of coal to liquid

conversion - in the range of 2.5 - and gas-to-liquid

(GTL) energy usage in the range of 1.7. In both cases,

the input is high heating value of either coal or gas.
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In the present system there is a nmuch | ower usage of
el ectric energy when carbon nonoxide is used from an
W@106/098073 sour ce, versus using carbon di oxi de. P€TIUS1006009710
case, the systemw || need one nole | ess of hydrogen,
and“ﬁ@tﬁégﬁnﬁéﬁithe reverse water gas shift reactors.
Then energy required for water electrolysis wll be in
the range of 275 kJ/nol, tinmes 2.1 noles, for 578 kJ.
L | n Adupaepoler proRecingydrrcadpn Feapassds QmMpasingr ocessi ng

wi Il be peducgd. at PYas PG Atk d due to
elininat%on g% ?ﬁg@ggggﬁﬁr%%ess and car bon di oxi de
separ ation prassesg &anikurenp] hydsecatt®d ¢ampp8@dskdud thiimal energy,
res 14 [ ri .
pet SzeBinPid Vg EbEERpo hER" ek AREGH LREHRaR0R monoxide go
hy damtigdoegan gpounds. To achi eve such beneficially
| ow usage of externally supplied electricit he )
ol | ow ng maj0r 4 1 PRI SERE Piss o SR gk podh e pipeess and
From Fi séher -tnapsial dt dedsW\&porticsi ofysdixe alterypaingiergyFtooone or more
Fischer-Trops%h.éo‘the el ectrol yser, as condensati on
heat of stearfl' 5¥'f PI%G\it% ed; From Fi scher-Tropsch to
all process heat uses; From Fischer-Tropsch to the
el ectrol yser, using residual heat for electric wer )
: gen#%ﬂ%?ﬁs o il ?ﬁtl@?%omgagn%mﬁ@e%b%m‘f r&2s Py using a
i nt ?éﬂﬁah oEAINRASSHOR p4¥ah 06r8binaIde wifl@Boh AioRIde Ghs.
gas/liquid coolers to internal gas/liquid heaters
usi ng phase conversion of working fluids Systens-w de
3. Prefrag pestedl Sreenfl by Sheleth 866 is b0 s IchBok Monblide gas uses a
reactor(s) to convert syngas into liquid fuels, it can
be #weise FBicegsshifyB8Hi¥e maj or conponents of natural
gas, nethane. This can be acconplished using a
catal ysed reaction CO + 3H2 (r) CH4 + H20 (7) In
4. addiTh¢ precesstdf éflaimal toGkim pdmberginbwid gagipsesaire sbangars paformed at
pro - syngas, as conmonly known in the
artgﬁﬁﬁggﬁgﬁﬁ%i‘ referred enbodi nent of the present
invention, a plant can be located in proximty to
natyral gas fields,, to take carbo i oxi de, and
5ot Avapeor iofuery Borb R P B RR R8st an i a
anount of) cargdeaeradhghyidcheen parfrrmpwatand sone of them are

closed for that reason.. The a FT _processe
di scl osel carfPHeEHnR TREFARESY 80%606%%%@%),““%5 F“hda thgrmal energy,
SabatheRin $agblgidra@acbo’CBrhfdidds arCldenek &b Gofn8k least carbon monoxide gas
and hydrogen gas;
c) changing temperature or pressure of said gases in the process; and

wherein the changing of pressure of said gases is at least near isothermal.

6. The process of Claim 5, further comprising forming carbon monoxide gas by using a

portion of said hydrogen gas in combination with carbon dioxide gas.

7. The process of Claim 6, wherein said forming of said carbon monoxide gas uses a

reverse water gas shift reactor.
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In this process, simlar anounts of heat are rel eased
as in the FT process (per carbon oxide nole) and
W@ oveeysTdn t akes place at approxi mately 3000CPCT/WA2006/009710

5 8 U s RO B0, M358 SRS AR g e nry i

Lur gangiresdedtin tk pcéown as the Car nol process, can
be used. The second is the nethanol -to-gasoline (MG
process. Wile in the reverse water gas shift

"9.reaghé Pidcess BF ORI iviieitatildast LaEQMMAIINIMEAT Q88H if Ransferred to

produce carbon nonoxi de and water, the Lurgi or r nol
pr o&ud EeVEse WaleR gas SHEPTOCe ATRERIRFECHE 2E¢6t e er se wat er
gas shift reaction with different catal ysts and
reaction conditions to produce nethanol. Thus, in
10anotheProessd OHCHimt 1 19, trthereisy wiskldragay ga i gpneratersfrgun@ater by use
reagfél%lg%rég,e substituted for the Lurgi or Carnol
process, being: CO2+3H2(r) CH3OH+H2O (9) The met hanol
produced fromthis reaction is then used in the MIG
11FJr o?‘ﬁé‘ rog%sg :Bg E‘ﬁa?llﬂglg:% glh\é.'t %st a o&‘%c;élgc!}tns%lgﬁ %’ngl%fa%neggy 1s converted
beerowlp@cdno@edldleiectrtcenqageferred forms, it will be
apparent to those skilled in the art that many
nodi fications, additions, and del etions can be nmade
12t hellg¢ prowist hibOkintbelp@ritlj wigeréin 6aid gixetedpértitute chmibedCopI0Ed at least
the_inv n[t)lo and its equivalents as set forth in the
f ol Peara?e{ﬁ a@F%l Y. What s Claimed is: 1. A process for
produci ng hydrocar bon conpounds conprising, a)

QST Y LORED, 208 Lo vl 1, O SERer a0 8 et

V\hefeemary&@fdilmhwdfoeﬁ%lbmls @gﬂgwmﬁﬁ gg <8 ggenerated from
at | east carbon nonoxi de gas and rogen gas; c)

changi ng tenperature or pressure of sai d gases or both

141 N rhepBEQRS 866 Hrod)3, (vhabin &l hyBd ot gés ?@g%ﬁqeﬁteﬁ%%b&& a water
of said thermal energy to one or nore of i d
pr oBlegEder. 2 The process of Claim 1, further
conprising form ng carbon nonoxi de gas by using a
portion of said hydrogen gas in conbination wth

15 car Bemprapask pifelageld, whereiislecsic powsissupplied|taaid glectwlysemiomprises a
sai dofALT,
RS F Slfg rwaftﬂgrct%g go;:?fél 1ti ?ﬁa[s? gfagc(:: pg%éﬂﬁ;i;ﬁgﬁa\}fr‘?o% RoR thafn three phases.
Caiml to Caim3, wherein said gas pressure change

6I S PR {)I%E&E‘ %f aau&‘l? %ij an887rto 1% 4 erellpt ¢ Yeverse water gas shift reactor is

supplied with a stoichiometrically larger amount of hydrogen gas than carbon dioxide

gas for conversion of carbon dioxide gas to carbon monoxide gas.

17.  The process of Claims 3, 4, and 7 to 16, wherein said reverse water gas shift reactor

comprises one or more serially connected reactors with intermediate separation of steam.

18.  The process of Claims 3, 4, and 7 to 17, further comprising separating at least a portion
of carbon dioxide gas in the effluent stream from at least one reverse water gas shift

reactor and returning it to an input of at least one reverse water gas shift reactor.
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5. A process for produci ng hydrocarbon conpounds
conprising, a) generating hydrogen gas fromwater; b)
\V@emmmmEMng a m xture of hydrocarbon conmpoundsPErtdS2006/009710

ener, wherein said dr ocar bon conmpounds ar
g en érga & PG Pgﬁla};{{‘s @allét E%}%lﬂgﬁ% Cg& |g81é€rfﬁlél§gpéwature of%ygrocarbon

hy dcegpsungfsimyiise Ll Bsag ong Fiseepd¥aist @adddr. pr essur e of
said gases in the process; and wherein the changi ng of
pressure of said gases is at |east near isothermal. 6.

20The TRE PERESR &fCIQkﬁQ n%vﬁ’ereﬁl Wb 8 Ech&OTMP4ch irBidtdr @oMbAgks one or more
carbon nonoxi de using a portion of said
hy ds&idly qpameciad Eisshs g %’éﬂPF@nTWt@ﬁ widh peferepdisde srpaggign of at least
7. TRgymprocess of Claim6, wherein said form ng of
sai d carbon nonoxi de gas uses a reverse water gas
shift reactor.8'! """ TKe ' 'e ' CWnf 1'5""t"Id -lim
7, o

2, MHERRR: S LT o RO, B BT R AEEHs cpore
d aidifBrenptempeiatirest | east a portion of said thernal
energy is transferred to said reverse water gas shift
process perforned in a reactor. 10. The process of

22(C aili piocess o8 Claidné?rleizvhersiaisdidhyd)bm genoxjds gassangenidrhytegen gas are
];; 0 dvﬁhl]%r&@.ls %9021%8 chsaéé sggg ﬁ'roggﬁ{)@%{ﬁt%r% %do?ry%]tgivgrrio%cs: %?osportions of
t hehpdrbcaeberogynpbendsonverted to a portion of said
el ectric energy. 12. The process of Clainms 1 to 11,
wherein said gas tenperature change is perfornmed at

23| eaghe peREssadi@iakl eabd, Yurthks conthiesindl ©pR6&s of b@nﬂigr@he br more of
to 12, wherejn said h arbon conpounds are up

ed
i n 8%l bysRearbon conogp H%ﬁ’&’&’ﬁ’f Bl Brodusery e faportlon of said
hydeRg@ibal@asgy.14. The process of Clains 1 to 13,
wherein said %ydrogen gas i s generated by use of a
wat er el ectrolyser. 15. The process of Caini4,

24Whemngl RrREQCIT C1GinROYRY, 254 BRbIB filrBes @6\'[4]13 r%ﬁ§ h&lt Rfibing process
Conprlses a reCtIerr ConneCted to a milti ase

el edEnsieripsheat fiompppyrtiomot sl themel erragy tqhe@bregwa@e@/ said reverse

16. whhe . QfeRs@f Cains 3, 4, and 7 to 15, wherein
the reverse water gas shift reactor is supplied with a

stoichionetrically |arger anount of hydrogen gas than

25car %9 gdcggé oq T188R lftgr24c URGEL {?én%%ﬁﬂlfg ﬁ]eral? ﬁﬂtrﬁi)#ﬁ@ gl%cess wherein

gas to PCarbon monoxi de gas. 1 r0cess o
he@, distribwivd lifes conhégtingtiep @i m%@pﬁsancém@peseesvw«t provgglad for receiving or

j.f cto rises one or.,.nore onn t ed
sofifinl shE b hoR AR Rar B e BhasPRo bt T SRATEAES: drerma
energy supplied externally.

26.  The process of 25, wherein at least some of heat distribution lines pass through a heat
exchanger used in one or more of said processes for exchanging heat or thermal energy, wherein
a working fluid of a heat distribution line delivering heat or thermal energy is in a gaseous state

upstream the heat exchanger and in a liquid state downstream the heat exchanger.

27.  The process of Claims 1 to 26, wherein the electric energy needs of the process not
provided by said use of said thermal energy is less than 1.7 times the high heating value of said

hydrocarbon compounds.
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18. The process of Clains 3, 4, and 7 to 17, further
conprising separating at |east a portion of carbon
waoel@xiogs7yas in the effluent stream from at | eBST/USIE6/009710
reverse water gas shift reactor and returning it to an
i nput of at |east one reverse water gas shift
28 eadthe rprdcﬁ:]s of Claibixel o6 Q6 ewBeréih thd dlet¥Eic lenergy needs of the Frocess not
t""18" , ""wherei rocess .o enerating a mxture o
DrR i IS COTBOUTIS! GETHirS SEUTER | PEHBES BRBeh hedtng valueof sad
hydiceeied coigtad reactor. 20. The process of Cainl9,
wherein said Fischer-Tropsch reactor conprises one or
nore serially connected Fischer-Tropsch reactors with
29, Nt & FREhALEPSERMA1RRaBEn &mPoBAR! fapy 21. The
pr ocegs?g of d)ai m ng{and 20, vvheﬂr ein Cioﬁltgi viH%iuaI
Fi scher - #ripiderecpeadnedydrogprgatiompatgs f f er ent
t enper at Ur&s: fol generiifis RLALERSorf AboR I
sai d carbon ngn%§fhe %as an% sgﬁgghydroé%ﬁxggé2@9?@%§¥enmg%
i n vdeiesuspidbisieratbon sowpundiars gensratid fomict leastamrtwmsndnoxide gas
creal&n ' .proportions of hydrocarbon conpounds.
23. T é%%%%gggg of Clainsl to 22, further conprising a
process bhith for mhagginn enperatne endddr passdrehyfdsan gado between one or

co (Mygﬁ?hqm%sgganer-generator to produce at |east a
portion of said electrical energy. 24. The process of

d ai ms 3Codduitafrat trAntferri at east b pemios ofrptid tiethghl @ndigaio one or more
punpi ng procqgsitraqsferring heat froma portion of
sai d thermal BR¥'#% o heat required by said reverse
wat er gas shift reactor. 25. The process of Clains 1
30to &4 furthF%?gqurisin .a heat _distribution process )
wher 8 Y SFraRPt ol SUHICH EPTRIINE hEUt fob HiRE £ PAOR Wh St hyrpgen gas in
of  sahbinRiAGASSRASHAIRXRIERME B8t Srbdrah&iokidRFaor
supplying heat to or fromsaid processes as to reduce
need for bal ance of such heat or thernmal energy ‘
315UPIThé SR eBXSEION Fhé¥in saf-unil RSFoRh A£18 S8rbBH 1dRexid ek & fre@lrse water
| east some of heat distribution |ines pass through a
heaﬁmﬁwéh@ﬁﬁgw used in one or nore of said processes
for exchangi ng heat or thermal energy, wherein a
working fluid of a heat distribution |line delivering
32heatthe pystae phglainem §y32 whemgingsaigazne puessise ahangel psperformad at least
thenﬂgﬁdeﬁ&ﬁgnger and in a liquid state downstream
t he heat exchanger. 27. The process of Clains 1 to 26,
wherein the electric energy needs of the process not
pr owi §.d. of said thermal enpergy is |ess
30 o 86 2 A B el B AR pmPBT Y o
hydr ocar Aonit d@rgpoaraiig. hy rogdihgas fiioacess; of Clains 1 to
26, mhergin.%ﬁg eleﬁéric.energ¥'£§ed of the process
not provi-dad ByELgRHIE,  BOHe Of YIPHEP PR OmPERsyAnf dhermal energy,
| es syhteansaill Bardchuties coriipountdgire e@dra e frvi@l ad @a&f cafbdh Ghonoxide gas

hyd&g %%Rggng%?pounds.

Units for changing temperature and/or pressure of said gases between one or
more of said units; and

Conduits for changing pressure of said gases at least near isothermally.

34.  The system of 33, further comprising a unit for using a portion of said hydrogen gas

in combination with carbon dioxide gas to form carbon monoxide gas.
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29. A system for produci ng hydrocarbon conpounds
conprising, A unit for generating hydrogen gas from

WwWoR0e/09952 unit for generating a m xture of hydPCL/ER1PO61009710
conmpounds and thernmal energy, wherein said hydrocarbon
conmpounds are generated from at | east carbon nonoxi de

35 0aSTR sIMT CURR WaFherbiishi8 uhi®fo foRARAH BAbSERMBRIxlebaLis a reverse
and/ or "pressure of said gases between one or nore of
sai Waigngasshiftgpastatondui t s for transferring at |east a
portion of said thernmal energy to one or nore of said
units. 30. The system of 29, further conprising a unit

36f or Thss bysterm op Gl A3 ¢F 38.aivhereiy dit degeina gamion pf said thermal energy is
conjyj ' j.t di oxi de gas to form carbon
m%i@%@egg"s&eﬁ %@gglf}gﬂtnggr(n of 30, wherein said unit
to formsaid carbon nonoxide gas is a reverse water
gas r : . -

57 beal G580, ST ML ! o Mot 3 gt
neato saglotveesrervedtdrygas St redctelyst em f or produci ng
hydr ocar bon conpounds conprising, A unit for
generating hydrogen gas fromwater; A unit for

38 genthidatyisre o Cladoisld9%etod7, Wieeiacaidydrogenpain @sneadatell from water by
thermal. energy, wherein said hydrocarbon conpounds are
gen‘ésFélfS](?CtPFg%ﬁr@f' | east carbon nonoxi de gas and
hydrogen gas; Units for changi ng tenperature and/ or
pressure of said gases between one or npre of said

39uni 188 SYSB ESAIM s VPIFnChigRY iaﬂi’amﬁflé’%éa[ﬁ) theggpal gagrey 1s converted to
gasggor@ibn bEARtelt@R ene9t hermal | y. 34. The system of
33, turther conprising a unit for using a portion of
sai d hydrogen gas in conbination with carbon dioxide

4093S ThO syfs T ALRRN 2TRNOK | iR G 3aid Bas EBeDE €MNGE is performed at
Caim 34, wherein said unit to formsaid carbon
nmonRst@eargdigbatisally.r ever se wat er gas shift reactor. 36.
The systemof Clainms 33 to 35, wherein at |least a
portion of said thermal energy is transferred to one

41or Whe systsin efdilaimg¥Ottg 40,37heretih snid Yyireqaroh comapyndg are upgraded in a
wher e ' . ' ropal energy is
R S e L Tt
38. The systemof Cains 29 to 37, wherein said

42.hy drl“ﬁg seyrgtegl%sf dlz?nng 99%d Qlt , %v%erfe{nosrzﬂdvi’%/tcireorger? gas is generated by use of a water

electrolyser.

43.  The system of Claim 42, wherein electric power supplied to said electrolyser comprises
a rectifier connected to a multiphase electric power supply having more than three

phases.

44, The system of Claims 31, 32, and 35 to 43, wherein the reverse water gas shift reactor is
supplied with a stoichiometrically larger amount of hydrogen gas than carbon dioxide

gas for conversion of carbon dioxide gas to carbon monoxide gas.

45, The system of Claims 31, 32, and 35 to 44, wherein said reverse water gas shift reactor

comprises one or more serially connected reactors with intermediate separation of steam.
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use of electric energy. 39. The system of C ai m 38,
wherein at least a portion of said thermal energy is
w@oemwseresesl to a portion of said electric ener gpCT/B82006/009710
The systemof Clains 29 to 39, wherein said gas
tenperature change is perforned at | east near
462di ghatiseH J)fyCIaﬂﬂs 31-”3@ SUSH5aBUS] rutthé dRnpfiSing @ v for separating at
wherei n said dr ocar bon conpounds are upgraded in a
r ef leagraypargorf gﬁ}'l earhapddioride Beminf the leElugsl sitgamarem oy thagipmg reverse
9 as wat‘é?%asm‘?t redeRdr G %Eungagg@@ a%%pﬁt%f ﬂéieas\!‘&?e' BhdiorSal d
hydrogen gas 1I's generate use a wat er
el ectrol yser. 43. The systenlof G a|n142 wherein
47.eI eﬁl [ ?ste&oc\)l}e(ﬁlaﬁnu g? Jvl?erec' f! qmﬁlfgr S%ehgljﬁtxrigtee[ m%&[ﬁ@ Tﬁ?cﬁocarbon
a rectifier CoAnEct e
S uppdmypduady coghpoessat el ond Fuscémer—ﬁiw&ﬁseam The syst em
of ainms 31, 32, and 35 to 43, wherein the reverse
wat er gas shift reactor is supplied with a
43st oThhiyereat of Chainh w7, \&lli@caﬁ saifftrigeherdfropegtl rexgn cglaﬁlsteh ane or more
car bon.di oxi de s fo ver si on gf . carbon di ox
gas setn&ll% épmteﬂglﬁwprd oag Tegators i gvg{ng At se&rg?% of at least
31, stdx2n. and 35 to 44, wherein said reverse water gas
shift reactor conprises one or nore serially connected
reactors with internedi ate separation of steam 46. The
9Sy5‘1“ﬁé%}@fen1c$fﬂlﬁﬁﬁls&i,an§28 vk dlviduADFisdhef-TRBECh reactors operate at
conprising a unit for separating at |east a portion of
car Bisisredl EWPeet™pss in the effluent stream from at
| east one reverse water gas shift reactor and
returning it to an input of at |east one reactor. 47.
50The Thy stseem off Clajmafidrevipoein gaid garboihmprexideggagand szid ﬂlydrogen gas are
gen [
o YR afotheS el AL BEBLOHABERIREUAHS yaciogg provortionsof
Thehgdredagronebm@baidsn 47, wherein sai d Fi scher-Tropsch
reactor conprises one or nore serially connected
Fi scher-Tropsch reactors wth internedi ate separation
S51of @he sysmat of Glaiann29 4950, T&rmesg&smm'rsingfa uBitdomsirmiiyg amecbr 4®re of said

di fﬁ%circgcr?%bnoge%)png):ég? F1|82§ E%l_er-%fﬁlgra%r £ eac or Séf QD& aa@ortlon of said
wheelettricd ahdgear bon nonoxi de gas and sald hydrogen gas

are fed in various anounts to said Fischer-Tropsch

reactors to create various proportions of hydrocarbon

52conpadBgtem of Cldithe 33y Sl 3, afd 36516 539 filrtheb Gomf)rwiﬁghe theat pump
g aunit for burnlgg one_or nore of

n ai d
hygﬁ ?ﬁﬂd% haab frgpr erstipholasapt harmal gramet i hspt lieaulbeﬂdwe@ reverse
at kv@@%has@hﬂ%idt&n of said

53.  The system of Claims 1 to 52, further comprising heat distribution lines connecting two
or more of said processes for receiving or supplying heat to or from said processes as to reduce

need for balance of such heat or thermal energy supplied externally.

54. The system of 53, wherein at least some of heat distribution lines pass through a heat
exchanger used in one or more of said processes for exchanging heat or thermal energy, wherein
a working fluid of a heat distribution line delivering heat or thermal energy is in a gaseous state

upstream the heat exchanger and in a liquid state downstream the heat exchanger.
49
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el ectrical energy. 52. The systemof Cains 31, Caim
32, and 35 to 51, further conprising a heat punp
wWo e@as9d®ers i ng heat froma portion of said therpel/US2006/009710
energy to heat required by said reverse water gas
shift reactor. 53. The systemof Clains 1 to 52,
further conprising heat distribution |ines connecting
two or nore of said processes for receiving or

55supphe pregesh @ Claims 3P t6 Sdmvbeapial thy eledse erergy ngeds o iggwocess not
e Y 86 8% BN RmALGedEles Mhar 17 R (REE Renting yalue of said
hydreemsbonsompowfdsheat di stri bution |ines pass through a

heat exchanger used in one or nore of said processes

for exchangi ng heat or thermal energy, wherein a
56mor Khergrotésaiofl Gidima 2B eats4 dwbdrein bbi eloctrit ienegyl etddy ef ithregprocess not

“heat .or .thermal. energy is in a ga s _state upst.rea .
Qe 4t B ARG T AR P Ry i e ot Rps GroWAL bk b of said
hydibexrb@adonpsedignger . 55. The process of Cainms 29 to 54,

wherein the electric energy needs of the process not

provi ded by said use of said thernal energy is |ess

than 1.7 times the high heating value of said

hydr ocar bon conpounds. 56. The process of Clains 29 to

54, wherein the electric energy needs of the process

not provided by said use of said thermal energy is

| ess than 1.25 times the high heating val ue of said

hydr ocar bon conpounds.
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