SYSTEMS, METHODS, AND COMPOSITIONS FOR PRODUCTION OF
SYNTHETIC HYDROCARBON COMPOUNDS Field of the Invention This
invention relates generally to the field of hydrocarbon compound
production and, more specifically, to energy efficient processes and
systems that produce hydrocarbon compound fuels. In a preferred
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produced by recycling products of combustion - carbon dioxide and
water. Background of the Invention Although the idea for developing
synthetic hydrocarbon fuels has been discussed for at least the last 30
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. be regenerated. Additionally, hydrocarbon fuels madé from fossil
dioxidegeGHeR highly undesirable sulfur, nitrogen, and aromatic compounds.
When these fuels are burned, sulfur, nitrogen, and particulates are
released into the air, which leads to the formation of acid rain and smog.
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use of such fossil fuels as the primary feedstock is accompanied by many
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these fuels are burned, sulfur, nit;ogen, and particulates 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 fiels. 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 moncxide and hydrogen over a
catalyst to produce liquid hydrocarbons and water. The problem with this and other methods is
that they use fossil fuels such as coal or natural gas to produce the carbon monoxide. The use of
such fossil fuels as the primary feedstock is accompanied by many of the same drawbacks as the

production of fossil fuels such as finite supply and emissions.
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Therefore, it can be seen that there is a long-felt need for a production
system that recycles the products of combustion into hydrocarbon
compound fuels. It is to such a system and processes for making
hydrocarbon compounds that the present invention is primarily directed,
with emphasis on energy efficiency. DE 203 20 020 Ul discloses a system
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US 6,306,517 B1 discloses an apparatus and processes for producing power, liquid hydrocarbons
and carbon dioxide from heavy feedstocks, i.e. using a partial oxidation reactor to produce a
synthesis gas, a Fischer-Tropsch reactor to convert the synthesis gas to hydrocarbon products
and tail gases containing hydrogen and carbon dioxide and a combined cycle plant to produce
power from steamn generated by recovering heat from the reactors and from combustible tail
gases. More specifically a gasifier is supplied with feedstock, oxygen and water and, if given, a
natural gas. Outlet of the gasifier is connected via a pipe with an acid gas removal unit, which is

connected via a pipe with a Fischer-Tropsch reactor. The outlet of the Fischer-Tropsch reactor



from Fischer-Tropsch tail gases. Heat exchangers are provided in the exit
of gasifier in the Fischer-Tropsch reactor and in the exit of the
Fischer-Tropsch reactor. Steam generated in these heat exchangers is
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gasoline, jet fuels, liquefied petroleum gas, or compounds found in natural
gas. A particular process comprises forming, with electricity, a hydrogen
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According to a first aspect, there is provided a process for producing
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hydrogen gas; c) forming carbon monoxide gas by using a portion of the
hydrogen gas in combination
Appended sub claims are directed towards advantageous further developments of subject matter -

of their respective independent claims.

The present disclosure comprises systems. methods .and composttions for the production of

synthetic hydrocarbon compounds, particularly hydrocarbon compounds that can be used as
fuels. In general, species of carbon oxides, carbon monoxide or carbon dioxide, are converted
into one or more hydrocarbon compounds, comprising carbon and hvdrogen, including but not
limited to diesel fuel, gasoline, jet fuels, liquefied petroleum gas, or cémpounds found in natural
gas. A particular process comprises forming, with electricity, a hydrogen stream, and in the
presence of at least a portion of the hydrogen from the hydrogen stream, converting at least a
portion of the carbon monoxide present in a carbon monoxide stream, into a hydrocarbon

compound.
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with carbon dioxide gas, wherein forming of the carbon monoxide gas
uses at least one reverse water gas shift reactor; and wherein the at least
one reverse water gas shift reactor is supplied with a larger amount of
hydrogen gas than is stoichiometrically required for conversion of carbon
dioxide gas to carbon monoxide gas. According to a second aspect, there
is provided a process for producing hydrocarbon compounds comprising,
A aé enerati %hréydrogﬁ gas from water and electrical energ)ﬁYb)
g héré%iﬁgf% SRGFE GHAY SRRt A5 IS o diPRézign compounds
commasingn monoxide gas and the hydrogen gas; c) forming carbon monoxide
%sos by using w&r&iq@n o;t %lgly%g en gas i{lC( mbination with carbon
l1oxide gas,-%v erein the ?ormlng OF the carpon monoxide gas uses at least
dne gevarsaygvaterdgas shift isactonangwhershpatidastaanporian ofrbon monoxide

carbggr[% dioxide; 8§0g]eltllgasefﬂuent gases from at least one reverse water
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wherein the at least one reverse water gas shift reactor is supplied with a

larger amount of hydrogen gas than is stoichiometrically required for
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rB\?Sd @%@FQ@&C&O%QQHQ%? g’éqggs@%ﬁﬂ'&&%gﬁo&mpounds from at least carbon monoxide
gas and the hydrogen gas;

¢) forming carbon monoxide gas by using a portion of the hydrogen gas in combination
with carbon dioxide gas, wherein the forming of the carbon monoxide gas uses at least
one reverse water gas shift reactor; and

wherein at least a portion of carbon dioxide gas in the effluent gases from at least one

reverse water gas shift reactor is separated and returned to an input of at least one reverse

water gas shift reactor.

According to a third aspect, there is provided a system for producing hydrocarbon compounds
comprising,

a) aunit for generating hydrogen gas from water and elecirical energy;

b) a unit for generating a mixture of at least hydrocarbon compounds from at least carbon

monoxide gas and the hvdrogen gas;
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monoxide gas and the hydrogen gas; c¢) a unit for forming carbon

monoxide gas by using a portion of the hydrogen gas in combination with

carbon dioxide gas, wherein the unit for forming the carbon monoxide gas

is at least one reverse water gas shift reactor; and at least one unit for

separating gas wherein at least a portion of carbon dioxide gas in the

effluent gases from at least one reverse water gas shift reactor is

separated and returned to an input of at least one reverse water gas shift
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According to a fifth aspect, there is provided a process for producing hvdrocarbon compounds
comprising,

a) generating hydrogen gas from water;

b) generating a mixture of at least hydrocarbon compounds, some in gaseous form, water
steam gas from at least carbon monoxide gas and the hydrogen gas;

wherein before or after step b) one or more of the following steps are performed:

i) one, or both, of temperature or pressure, is increased or decreased at least near
adiabatically by compressing an incoming gas in a compressor by using electrical
energy from an electric power line or by expanding an incoming gas in an expander by
generating electrical energy to an electric power line such that involved heat energy is

less than 10% of electrical energy used for compression or generated from expansios;
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generated using i), alone or together with at least a portion of the electrical
energy generated using ii), in at least one of steps c) or d), for use in i),

alone or together with at least a portion of the electrical energy for use in

ii), in at least one of steps c) or d), alone or together with using the heat
distribution line for transferring at least a portion of the heat generated

using ii), in at least one of steps c) or d), for use in ii) in at least one of

steps c) or d). According to a sixth aspect, there is provided a process for
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According to a sixth aspect, there is provided a process for producing hydrocarbon compounds
comprising
a) conditioning one or more gases by
1) Increasing or decreasing one, or both, of temperature or pressure, at least near
adiabatically by compressing an incoming gas in a compressor by using electrical
energy from an electric power line or by expanding an incoming gas in an expander by
generating electrical energy to an electric power line such that involved heat energy is
tess than 10% of electrical energy used for compression or generated from expansion;
1) increasing or decreasing pressure at least near isothermally by compressing an

mcoming gas in the compressor by using electrical energy from an electric power line
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a) generating hydrogen gas from water; b) generating a mixture of at least
hydrocarbon compounds, some in gaseous form, water steam gas from

at least carbon monoxide gas and the hydrogen gas; wherein before or

after step b) one or more of the following steps are performed: i) one, or

both, of temperature or pressure, is increased or decreased at least near
adiabatically by compressing an incoming gas in a compressor by using

electrical energy from an electric power line, or by expanding an incoming

gas iArdn @s&b%rr%% By IRferraieRs dldberiearanderdy wrberaisgtricqsovebenergy to an
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ii), inat least one of steps c) or d). According to an eighth aspect, thereis
providfeG AL B SEEYE or ProelidihdoRyErosab8lPRO ATjEERIHST Boihptiktrg aportion of

CONGiHOBING:RAE HALFPEIB-JASES By IkiRcteasing or decreasing one, or
both, of temperature or pressure, at least near adiabatically by

compressing an incoming gas in a compressor by using electrical energy

Accdreinpan elecifieRowedpiog ahdy expandingan iNGeniRg @asdhaiting hydrocarbon
. extalo%nder bﬁ %nerating electrical energy to an electric power line such
ORI TRVIVE t energy is less than 10% of electrical energy used for

comgnession iy gereratedframsexgansion; ii) increasing or decreasing
D&Fsgse%%%a%{[nlzge %Si%px%%rei% %%é@?%?%c%?brggrg&%g‘ ggs, some in gaseous form, water
steam gas from at least carbon monoxide gas and the hydrogen gas;
wherein before or after step b) one or more of the following steps are performed:

1) one, or both, of temperature or pressure, is increased or decreased at least near
adiabatically by compressing an incoming gas in a compressor by using electrical
energy from an electric power line, or by expanding an incoming gas in an expander by
generating electrical energy to an electric power line, such that involved heat energy is
less than 10% the electrical energy used for compression or generated from expansion;

ii} temperature is increased or decreased by deiivering heat to a heat exchanger or by
taking heat from a heat exchanger such that the absolute temperature °K of the
processed gas deviates less than 10% from the absolute temperature °K of the
incoming gas;

wherein the following steps are performed:
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incoming gas in the compressor by using electrical energy from an electric

power line or by expanding an incoming gas in the expander by

generating electrical energy to an electric power line, and cooling the
compressed gas by delivering heat to a heat distribution line or heating

the expanded gas by taking heat from a heat distribution line, such that

the absolute temperature K of the processed gas deviates less than 10%

from the absolute temperature K of the incoming gas; b) enerating a
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generating a mixture of at least hydrocarbon compounds, some in
gaseous form, water steam gas from at least carbon monoxide gas and
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gas iesthexpendeehygeaptnting electficabanegyido anselacise POMRkpansion;

ine. and cooling the compressed gas by delivering heatfoaheat, o

distribution e or NEAtRg the Sxpandad Gas by BakIRg HERE RN ) [egpressing an

distrivatiomdiges sutte thabpheabsolutérteniparatirenkof thesprncassed power line

i { .10%. ;

gas g?ﬁ@&ﬁzlﬁ&%éhﬁ\n&ga{ﬁmg gas in the expander by generating electrical energy to an
electric power line, and cooling the compressed gas by delivering heat to a heat
distribution line or heating the expanded gas by taking heat from a heat distribution
line, such that the absolute temperature °K of the processed gas deviates fess than 10%
from the absolute temperature °K of the incoming gas;

b) enerating a mixture of hydrocarbon compounds, some in gaseous form, and steam gas
using at least two or more serial or parallel connected Fischer-Tropsch reactors;

¢)  separating at least the steam gas from effluent gas by at least condensation;

d) hanging temperature or pressure, or both, of the effluent gas using at least i) or ii);

) sing the electric power line for transferring at least a portion of the electrical energy

generated using i), alone or together with at least a portion of the electrical energy
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from the absolute temperature K of the incoming gas; d) at least one unit

for increasing temperature, or changing pressure, or both, of the

hydrogen generated by unit a) to be used in unit b) using at least i) or ii);

e) at least one unit for changing temperature or pressure, or both, of the

carbon monoxide gas to be used in unit b) using at least i) or ii); an

electric power line for transferring at least a portion of the electrical energy

generated using i), alone or together with at least a portion of the .

electfeafraisd s stk ia el Bing i siai el e Grers Withakledgra portion of

use ifh&-)e@@ﬂ@apggﬁ@@cgftk{wdlygkhaglga%gdportion of the electrical energy

for use in ii) in at least one of units d) or e), alone or together with using a

heat distribution line for transferring at least a portion of the heat 2g
Accqgeheraiednisingdpedn acleastmoeidddinisd)«at €)r inousarp HyMebivastcompounds
Comorrimseflof units d) or e). According to a tenth aspect, there is provided a
ysfegh for producing hydrocarbon compounds comprising a) at least two
ahitsdonigemegatirgta gixturgoaf fasdiocarzoer,compounds, some in

%zse Ic’litf%{‘n 5 %g@%%izrtn rgﬁ% u\il‘\e/:hg e ea}:{[slc ays %Vg%;‘goq{t%o%geo%%ﬁéal Pme in gaseous
P rallel connecte ISCher- Tropsch reactors; at least oné unit for
sepafatingratde ssethaastéam gadsdsorarbsfivem geddgaanieabe hydrogen gas;

condepgatiog, &t t@?‘é&&&lﬂ% %5&%9398@&%89%%5?@&%&9?93 by i)

increasing or decreasing one oth, of temperature or pressure, at least
near ladigB&tiealpby Corpiesaing an Iesig giisirreed it ficgrased at least near

COMBEESSIARRY WsinGnSlecitical SNerey-iiAm AR eleqtis RAWELINR AL clectrical
expanding an incoming gas in a unit for gas expansion by generating
electFREEEAIGATCK Bl BRTECh SRR PTIRE SRIADNE ShRSRBH A Eat Bh@tgypander by
is |e%mmiﬂ§%@fi‘ﬁ4ﬁcéﬂ@@y%agg)ﬂ€&ﬁ@ Wm@é%ﬁéiffﬂlﬁr iBRNRIRIRG: energy is
from expansion; i) increasing or decreasing pressure at least near .
isothéeaﬁ%w 8%%%?}?@&%% f%ﬁé%ﬁfﬁﬁﬁ GABRACE i orgged from expansion;
compeessionbynusing ¢lectrizatenedgy: freasanclecitithpewer line efbyressing an
expandirfg. an inco _i]rlgcgas in a unit for 9as %%(Lpansion by generat

electESTRBASY b N IRRTie oner NG S COBINg e Eahedsajc power fine

gas by bdelireridg heat toenheatgistritatiomdinkeronhgating ithectxpandedergy to an

gas .%Yegf’rlﬁngo@?e?t line, and cooling the compressed gas by delivering heat 1o a heat
distribution line or heating the expanded gas by taking heat from a heat distribution
line, such that the absolute temperature °K of the processed gas deviates less than 10%
from the absolute temperature °K of the incoming gas;

d) at least one unit for increasing temperature, or changing pressure, or both, of the
hydrogen generated by unit 2} {0 be used in unit b) using at least i) or i);

e) at Jeast one unit for changing temperature or pressure, or both, of the carbon monoxide
gas 1o be used in unit b) using at least i) or ii);

f) an electric power line for transferring at least a portion of the eiectrical energy generated
using i), alone or together with at least a portion of the electrical energy generated
using i), in at least one of units d) or ¢), for use in i), alone or together with at least a

portion of the electrical energy for use in ii) in at least one of units d) or ¢), alone or

together with using a heat distribution Iine for transferring at least a portion of the heat

2g



from a heat distribution line, such that the absolute temperature K of the

processed gas deviates less than 10% from the absolute temperature K

of the incoming gas; d) an electric power line for transferring at least a

portion of the electrical energy generated using i), alone or together with

at least a portion of the electrical energy generated using ii), in at least

one of unit c), for use in i), alone or together with at least a portion of the

electrical energy for use in ii), in at least one of unit c). 2h According the

an el8RFACIYER, thdrerid Brovitra aaident for [romsdind hydtbieambene of units

comppwads comprising a) a unit for generating hydrogen gas from water;

b) a unit for generating a mixture of at least hydrocarbon compounds,

some in gaseous form, water steam gas from at least carbon monoxide
Accgdmand thehydrggen gas: &) pldedst ans uais fr geadidoning @asarbon compounds
comV\{wE]s%ein for one or more gases, i) one, or both, of temperature or

ressgure, is increased or decreased at least near adiabatically by

cemprdssihgranumcamiggngasiinga unitfor ghlsydompitessiompyuagingome in gaseous

electiical eneray fiom anelestria power/ine,or by expanding anincoming, iy,

gas ina unit for gas‘gexpansmnaby generating electrical enpergy oan

electieopevbertigierssuch that involved heat energy is less than 10% the

elpCliCRLENGIY, HR QU SATMES3198), PHEC BRI, ram eXRANSION D by at jeast

temperature is increased or decreased by delivering heat to a heat .

excHARges#iOBr by taking heat from a heat exchange unit such that the

absolite dempenaturs: Kohithenposrssen gaspeviates less than 10%
from the absolute temperature K of the incoming gas; d) at least one unit

fol inb1SERIHY 18 PETRAEE P BhaftiRG breds HEPErABYEh, Of Bissure, at least near

hydrogemgragatectivproikmtarbRaser iNgdfihb) usingatleasiihiion by using
e) at least one unit f rchanghg tem era%:re or pressurgé, or both, of the .
carboi e%{b%ﬁfbeég-‘gg@%%e SHFIRUL BY USinY SERERSES 6P ionAg gas in a unit

electfie pawexgineifor trapsherting: aflieasiah patienoehihelalediricalengrgysuch that

generatep using i), alone.or together. wjth at least a portion of the electrical . ]
eneré@vog\é%dzlpa LR ) ,1?3%%]a%t@%n8?o %%%t%%)%? &Y 58l Fympression or
aloneortegdthremvwithaatifeast a portion of the electrical energy for use in

110 ALIGARIONG QL LAULS; Qfoiirgé lﬁgc&rqi 19,8 Rl ASRACL LS B ressing an

provided a s&gtem for prodticing F1y rocarbon compoungs P g
incoming gas in a unit for gas compression by using electrical energy from an electric
power line or by expanding an incoming gas in a unit for gas expansion by generating
electrical energy to an electric power line, and cooling the compressed gas by
delivering heat to a heat distribution line or heating the expanded gas by taking heat
from a heat distribution line, such that the absolute temperature °K of the processed
gas deviates less than 10% from the absolute temperature °K of the incoming gas;

dy an electric power line for transferring at least a portion of the electrical energy
generated using i), alone or together with at least a portion of the electrical energy

generated using ii}, in at least one of unit ¢}, for use in i), alone or together with at least

a portion of the electrical energy for use in ii), in at least one of unit ¢).
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comprising at least the following units: a) at least two units for generating

a mixture of hydrocarbon compounds, some in gaseous form, and steam

gas wherein at least two units are serial or parallel connected Fischer-

Tropsch reactors; 2i b) at least one unit for separating at least the steam

gas from effluent gas by at least condensation; c) at least one unit for

conditioning one or more gases by i) increasing or decreasing one, or

both, of temperature or pressure, at least near adiabatically by
AccrgifBréisiAg AFHETmMNBEGashi™E (RiPTEY e comistedsitl Byadsipge hydrocarbon
compdesticalgnesay from an electric power line or by expanding an incoming

gasina unﬁ for %as_ expansion by generating electrical energy to an
efecthd oL ERRT LU WP ST 8IS HeeEhergy is less than 10% of
électrcaliefergynsseihfor atrpression]egsigenrmiesbir ahexpaasicanit in gaseous
increasing or.de reas(iyn ressure at least near is thermagyb . )
compreBsng Er AR B SRR & U Tol DAL SOt S Ay edingen e
electrica¢mnengyiio Mraereleciningpowehlingnofob pexpandimganasincoming

s in a upit as.e I enerating. electrical energy to an
e ectﬁléi%bo%\l/e{?%l%}r?e? gn%aﬁ?g !%%e?r%elgégr@ﬁf)lﬁées‘slgd 18g§at§§d d%rli\/gééicilrlegaj1 Sﬁga%ttc}em near
a headgisttibuliohyinenarbrsétingntiecexpan det igasubyt thkiggsveatpfessiva by using

heat distibufiQRling sgieh shat g éytﬁn@fﬂp%@%%&ﬁ:%“aﬁ incoming gas in a

processed gas deviates less than 10% from the absolute temperature K~
of théiicEin Bt gERAsIcaPE eensEpBovBleRRE b eRIAE B R REIigRaver Hine, such

portignuoftheieteical RRRr oy e RRIRtAs 1Bl g i} A1ON & AL IRIRIRE EWItRmpression
at least a portion of the electrical energy generated using ii), in at least

one OF SAEEIROFGRESHPARSMBMe or together with at least a portion of the

G;ﬂ]}_EthEﬁQa&@ﬁE@MJQédﬂ%éﬂ H},d_sdcaié@@smpa@niwﬂg Eg&ﬁ@(?@hﬂé%'ﬂgai@}%nge unit or by
thirteent ect, there is provided a process for producing hydrocarbon =
comnOHIRES B AGIE) GBSO AR LS RO MBS BRIERTE K of he
electricakenrdrqysbjgeneraling ahanixiie dfahleast ihsdiogateperature °K of the
comgggond;sngrgm, at least carbon monoxide gas and the hydrogen gas;

wheréin the ‘hy%sr’ogen gas is generated by a water electrolyzes, wherein
dlectricisnergy usupily ctbeelectrolaerconprises @mreaiifierure, or both, of the

Connﬁﬁﬁ?@gég Qe%lllétﬂg@g}sﬁn%%ﬁ%ooe used in unit b) using at least iy or ii});

e) at least one unit for changing temperature or pressure, or both, of the carbon monoxide
gas to be used in unit b) using at least i} or ii);

f) an electric power line for transferring at least a portion of the electrical energy
generated using i}, alone or together with at least a portion of the electrical energy
generated using i1}, in at least one of units d) or e), for use in i), alone or together with

at least a portion of the ejectrical energy for use in it}, in at least one of units d) or e).

According to a twelfth aspect, there is provided a system for producing hydrocarbon compounds

comprising at least the following units:
a)  at least two units for generating a mixture of hydrocarbon compounds, some in gaseous
form, and steam gas wherein at least two units are serial or parallel connected Fischer-

Tropsch reactors;
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power supply having more than three phases. 2j According to a fourteenth

aspect, there is provided a system for producing hydrocarbon compounds
comprising, a) a unit for generating hydrogen gas from water and

electrical energy; b) a unit for generating a mixture of at least hydrocarbon
compounds from at least carbon monoxide gas and the hydrogen gas;

wherein the hydrogen gas is generated by a water electrolyzer, wherein

electrical energy supply to the electrolyzer comprises a rectifier
&ﬁnné%ﬂ@%ﬁ‘td’%%ﬁﬁ%&%@l@%ﬂ&%d%? bgpphHasind irBrelthenttigaseby at least
phasesafacarding to a fifteenth aspect, there is provided a process for

producin hydrocar?on compounds comprising a) generating hydrogen

Jas f?btlﬁ‘g\ﬁé’ﬂé‘? SHY BISORELPEHS BY: B E’é’ﬁ%?&ﬁ%gé{ mixture of at least
hydrasareincomphupdsiandotherarabeneroy frampahrleast.Camefire, at least near
mon%)éidg %asnar%gj the h _droaen as; %,forming carbon monoxide gas by .
using'a portion-o ?h(éoﬂﬁpy&%a f ﬂg@ﬁ? SISHIRRIOA WWifH YafBohUBkigaon by using
gas, whargid anceyeSenwatelgascghiftcelotos:is yseshiditaran theoeanbQas in a unit
monagxide gas; and wherein at least a portion of the thermal energy is ..
e e D R B St B iielpoch thr
aspetity there hspronitded ia Fsclss fi%protubingitaldrosasbored for compression or

com%gﬂgg%gqmmiélg%@oggnerating hydrogen gas from water using a
water electrolyzer; b) generating a mixture of at least hydrocarbon

ABmpBtiREEEn @thesprIsE e RjpSHoin at least narbonatiornxide jasamgressing an
the hydeogian gasiCl GRAVBFING adderstaRartion;Rl ethesmaLenerdYn an electric

into electriceﬁ energy; wherein at least some of the electrical energy is .
supphelhthe WL FEIaREBE 26 AUBHIEIRY 15 4 Yaiidpteanmraaeet by generating
theresisdarioxideskasyaiem ferepiad gy carhomh AMPAUNShpressed gas by

compyising.2k a) a unit for generating hydrogen gas from water and )
olectiEAr H&g@%soaad?ﬁ?ff&?&é%i%wa%&%a Doth rerabdsigsedping heat

comgoimndshaad dRetmaloanesgysuch that the absolute temperature °K of the processed
gas deviates less than 10% from the absolute temperature °K of the incoming gas;

¢) an electric power line for transferring at least a portion of the electrical energy
generated using i), alone or together with at least a portion of the clectrical energy
generated using ii), in at least one of unit ¢), for use in i}, alone or together with at least

a portion of the electrical energy for use in il), in at least one of unit ¢},

According to a thirteenth aspect, there is provided a process for producing hydrocarbon
compounds comprising,
a) generating hydrogen gas from water and electrical energy;
b} generating a mixture of at Jeast hvdrocarbon compounds from at least carbon
monoxide gas and the hydrogen gas;
wherein the hydrogen gas is generated by a water electrolyzer, wherein electrical energy
supply to the electrolyzer comprises a rectifier connected to a multiphase electric

power supply having more than three phases.



from at least carbon monoxide gas and the hydrogen gas; c) a unit for
forming carbon monoxide gas by using a portion of the hydrogen gas in
combination with carbon dioxide gas, wherein the unit for forming carbon
monoxide gas is a reverse water gas shift reactor; and at least one unit
for transferring at least a portion of the thermal energy to the reverse
water gas shift reactor. According to an eighteenth aspect.. there is
provided a system for producing hydrocarbon compounds comprising a) a

AcCOitif for Yén PRIy e JAR trdm IR ersifite (RiithEodusagerhydrocarbon

com@ieatotyzesiidna unit for generating a mixture of at least hydrocarbon
campounds and thermal energy from at least carbon monoxide gas and
b RO LR ap B AR EP Y A LSBTt o sy mal
eénergynintivetectieahenengyruwbéreirat ieastsatne ebtheocalettfionah at least carbon
ener;%ni(sm%@ Iiéaglnt tgéeh‘vléf':]}{tjereeIUe‘E%t_ronzer. In a preferred embodiment of
the system with a carbon” |o>%dne°input, the amount of input electric

wherserginh dedeckts apnveriecachvaddioxideninto Righthdating whlueiofebutpet! energy

"WAAGAPON CARRAAIR SAMRUSIONSNRIOX I8 DR EAI9e ALRSMIEEL & dkic power
and 1.1. In another preferred embodiment of the system with a'carbon
rAGNTOXiR ing iR e ivpsahascthe need to convert carbon dioxide to
carbon monoxide), the external electric energy needed to convert carbon
monoxide is between 0.64 and 0.84 of the high heating value of

Accqrdithgn darort E5RAHbUTASSITHAR s Min RIAVEfRBORIMEIREST thé griedaptng hydrocarbon

comﬁjgg&wﬁwgﬁ@ carbon dioxide as an input, more electric energy will be
required than t%e high heating value of combustion of hydrocarbon
8%m§8’ﬁfﬁ'8§n% Sreed gﬁsélm‘é@@ﬁﬁ?gcﬁmﬂ?@f%%%sent disclosure,
bsingaarhongmonxdigde as andapulydessrelectienpoengy will brraaulkedsy from at
than}%régth%g heating value of %ot% ustion of hydrocarbon compounds
produced. CRELS! |rjlget%a<%lﬁnem SotimMent bF thie present disclosure, it is
possibiertogpradiacenwithiidones flantsorg theotder «f diverhdiadeadeas in combination
tho“ﬁ%&dcg I!%ngi }]::ifc!i’lee Es?ru%a}{éig rae%%erQO\{fetelzn %%ss%ii? llj_gflg{:engse&esg ”t% form the
energy, carbon monoxide an Tor carbon dioxide are available. Orie
embotimemoftkidaisslogdre comprises systems and methods

wheRPHSILE a0 pgﬁﬁﬂw%ﬁé ﬁ%qlﬁa[:m%g@%%é%%%’tﬁ@%@e?s%n%\?ater gas shift

embodiments, also a reverse water gas-shift reactor, 2m
reactor.

According to a sixteenth aspect, there is provided a process for producing hydrocarbon
compounds comprising
a) generating hydrogen gas from water using a water electrolyzer;
b} generating a mixture of at least hydrocarbon compounds and thermal energy from at
least carbon monoxide gas and the hydrogen gas;
¢) converting at least a portion of the thermal energy into eiectrical energy:

wherein at least some of the electrical energy is supplied to the water electrolyzer.

According to a seventeenth aspect, there is provided a system for producing hydrocarbon

compounds comprising
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for producing hydrocarbon compound. The present disclosure 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 hydrocarbon

- compounds, via a Fischer-Tropsch process in the presence of at least a
portion of the hydrogen 5 stream; and transferring at least a portion of
excess heat from the Fischer-Tropsch process to one of the other
process steps in the method or system, to a portion of a method or system

APAUINRG RRSIGE-ANG. B0, QIRGLHAILSIB-htislemalengsample, to

an electr%b/ser or a reverse water gas shift reactor. In the present
O

Rlisclodtifd Ot e Brdiows platdswHei& e srmesumdistethppnal energy

Separaies s @gas MbHERIQRLIIREIPIargRs Rarameters such as
temperature and pressure, must be chang?ehd to make one or both

YontolthldWitAT RGBTSR e PPt SsPOTHus 8 sHsaRatitresn gas in
or changeste:0asasdantbe disclosye, consumeanargs afBomHainf eatigy monoxide
It is a npvel embodiment of the disclosure that energy can be transferred
withi#ithe? fﬁ@gﬁﬁéﬁ%gﬁﬁéeﬁh dBfe¥gFeeds for gas separations and
at ieachanges: 1& Oashdvantadenaf thepresentidisclosuieizity endigyeverse water gas
%égtcli.ggg gas processing.There are generally two energy efficient
Hermo ynamic processes used for gas processing. The first one is an
- adiabatic process when all external work is converted to or from gas
1ergy. The sacond. one is. an isothermal.pracess,, I
e o ot o oo e het o oabitg S ¥ ocarbon
compuade ttrBagisiag electrical distribution line and heat through 20 several
feat disributionlings, FRGIBAI05RE5R YasPIRcESHING.Ae SHRsiaRtiallY roiyzer:

reduced. This is also assisted by use of phase conversion of workin
Huids Wiih &t SHEHHIRoR TREE 00A e ditso PYGENAEP PR P BREFGYS T thermal energy

presgat displas WemRRiseRis yele/ms drd ragtbedgthat provide the
ability to produce a variety of hydrocarbon compounds, such as

TonfhBHhHY fSATERSH AGBT5 PRI BAEGRE BFPBALERTFSY i IroaaCiRt BRey:

Whdanprespeaiishiynesief dyeracahen fuelsihinlds wahfond-withneurrently
available methods for making synthetic fuels. These and other objects,
features and advantages of the present disclosure will become more

In a papisaneshempodiraading the foltwingighecifiodtion divstijumptionthdthiemt of input
electri@&h@ UG g WSy 2D %@Fd%%i%g BRI TS Euﬁgsﬁrﬁf%%‘%%& hydrocarbon

Figs. 1-4 illustrate general, high-level systems of the present invent
COmPORBEs rdMpestre fenesg e mbisditnemtee R v itustratenteferdd another preferred

mbocﬁﬁ?&ﬁ(ﬁmgt%{é&evﬁ%% Qﬁliﬂgﬁ '?Hgﬁloﬂﬂ%) fﬂﬁﬁ@t&ﬁgﬁh&iminating the need to convert

carbon dioxide to carbon monoxide), the external electric energy needed to convert carbon
monoxide is between 0.64 and 0.84 of the high heating value of hydrocarbon compounds. That

is, in_an embodiment of the present disclosure using carbon dioxide as an input, more eiec{ric
energy will be required than the high heating value of combustion of hydrocarbon compounds

produced. In another embodiment of the present disclosure, using carbon monoxide as an input,
less electric energy will be required than the high heating value of combustion of hydrocarbon

compounds produced.



systems of Figs. 1-4. 35 Fig. 7 shows various configurations of energy
distribution lines of the present invention. 3 WO 2006/099573
PCT/US2006/009710 11g,,S tiowr principal of operation of an RWGS
reactor subassembly according to a preferred embodiment of the present
invention. Fig. 9 illustrates a three-stage RWGS reactor with carbon
dioxide recycling, according to a preferred embodiment of the present
invention. 5 Fig. 10 shows an RWGS reactor with a heater, according to a

o8 EHaBcaRRHRANLRE hrovsitthobktR &il. 11 POt Priiawvithin one

plaaperaiernrf-an I eREHAFRUBRSSERDIM RGROSHIRR @R RKeTeF'@n more, in case
embaodiment of the present invention, Fig. 12 shows a two stage FT

PRHIIST LRI 7 TR SREPER SRPBATBERIMERE 6P digprissaRariéten.
Fig. 13 illustrates an FT reactor with a water cooler, according to a
erred embodiment of the present invention. Fig. 14 shows a portion of

f
Ehre iRt (He SIS ERBRSEle iR e s bal s s Rgising an

adqreferied-ambodimentrdSfidedadiusipie amfRXampieiokealeciiic: POWesse water
an electrolyser of the present invention, according to a preferred

feed t

%?ﬁﬁ@%ﬁﬁ‘?@ﬁ@‘iiig. 16 illustrates various winding arrangements of phase
shifting transformers. Fig. 17 is a graph of electrolyser voltage according
to a preferred embodiment of the present invention. 20 Fig. 1S shows a
fuel post processor system according to a preferred embodiment of the
present invention. Fig. 19 illustrates a burning system according to a
preferred embodiment of the present invention. Fig. 20 illustrates a flow
chart of an energy efficient electro-mechanical gas separation 25
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
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embodiment of the present invention. 30 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 line
For B SBHITE R ra BE RS &P Y S TG gt sstems
for 2P0RI989 By G RLIL) S2RQRHII Y1 Orikig. ' 2:4921HN¢ Sd leb4t SlipgrtiatU foreFoF the
reactars according to a prefe | L the ti |
P B e e s R (. Halbesbon
comppeletseticmBeditnarmpuhAoIsee se e ﬁ%‘i’é?&?@rﬂ*f@fﬁf‘g"?tz"gpﬁﬁ%ﬂﬁs"iﬁ@ bydrogen
stre%\ﬁ\{:) @% subassamblyidnain jeppcontkaceardingdeha Preferr@tbpsch process to
e iment of the present.invention. Fig. 30 shows the F
o BRGS0 G o Bt b B e R0 B Wt
reqirivientorrzRigr 3testioivs ARG SubassamBly Hdgel S0 5HITEboP 2
rev@ggqygtig%psgiﬁ@g@gggd 10 embodiment of the present invention. Fig. 32

shows the FT subassembly hydrogen suppl trol ding.t
orefdf St BBt S FoR S O ER oSBTV Gor i gases must be

serDESCRIR TIGNEE FheoplesaatiplyetionreonF sed $y SRR aHE ARtEressure,
mANECAMpesitioRsfoLAaKING Y HReArROR: GO RN GO mM@teeam process.
Thgger%%% P -%f (Q"y «%Qﬁzge@ an gfé[ls%lé ke coal. Pl Bagml ‘%é&‘gepcéﬁf&lﬁ%é”&f energy.

gas, ethanol, methanol, gasoline, kerosene, diesel fuel, and other known
It faelsnpyinanipadsuis intwes baisriesubs R SDerETIseR MoaaSFdcdatathin the

inv%n%qgggfl‘h gogg%g%;ygn&&%'aeé&eﬂag& ‘eActian it aadaliang 20 CLH2ns2 +

4 Combustion energy (High Heating Value) + n*C02 +
(2reey/advaspQewhtes PIEEFEoHslamds 1 MFTAVCTHAPARRS BFGreng There are
geﬂz@%ynmmm@beﬁﬁéimt@bﬂ@qﬂmmwm@aemm@bi@mlm@ﬂﬁ@n UibBist one
is Of AYORN B?QJ@& used I8 eamaki.a-sum of one nale der0xidziagy cantkoRcond

and a half of a mole plus 10% to oxidize hydrogen, 1.55 moles in total. As
ong, db @B mal proc:egs, when all external work 13 c%ther converted Efntoqaeat or derived

from heat. By recycling external work through an electrical distribution line and heat through
several heat distribution lines, energy losses in gas processing are substantialty reduced. This is
also assisted by use of phase conversion of working fluids in heat distribution lines to accept or
deliver heat energy.

The present disclosure comprises systems and methods that provide the ability to produce

a variety of hydrocarbon compounds, such as compounds for different fuels and a degree of

control in producing one or more specific types of hydrocarbon fuels that is not found with

currently available methods for making synthetic fuels. These and other objects, features and

advantages of the present disclosure will become more apparent upon reading the

following specification in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1-4 flinstrate general, high-level systems of the present invention, according to
preferred embodiments. '

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 invenfion.
3
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25 "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
wanthibheswaser vapor formed during combustion is condensegctnot@oc/o09716
invention described herein, the $roducts Oé&a'%}) bustion, carbon oxides
)

and WY arePrBEBHInERF IR b RlBn LT St i graine o @
pirfensgortatidiménels thaphesingz8dtut not limited to, diesel and gasoline. It

is alsﬁ’ig@_ %ﬁﬁiQAE—a@er ?f&@%@ﬂgetﬁ%ﬁ‘%&@%@? m%r}g&%q'ecyclmg, according

compositions such as natural gas or liquefied petroleum gas. As used

R HyIPEREIB LR PETHELIRINYE hydrocarbon compounds that

may Biz.ukechassan BREGGrasounceitBudhkas faeisrdinyMO 206669067 diment of
thg%ggé%gggglgg_gno HHdt6d'aiptsn'bonip'o_dhds'l dy' be produced using

a Fischer-Tropsch process. In this part of this process and system, carbon

mond¥dé Y ArfaPRyarsg<h aRereIR EPAROotiRRSedYy foopyding to @
prefehtd-yrbbiRe(2 pintepeise it @Mt as a building block for polymerization

o Ig08caon Nans INEPHALY ARIOGHCS o SURAOVIIBIARION of e

are linear paraffins, C"H2n, plus two hydrogen atoms'to complete any
PEREIhACINE®Nds, In this reaction, one hydrogen molecule is used for
formatign of fyciraearbors] plusapproXimaialy:10%6iéar campleting chaBsred

o I%Egggngg}d&,t%nd aas.grgtﬁ% BQ%%rogen molecule is used to reduce carbon
monoxide to cgrrbon. There are a variety of processes to produce carbon

mond%fdd 45aTe &PrRsHiokide hoskescn i thibe PEStRIdICA EReeHpLyser cells,
aRineRgSCaletredeisBowaia-gas shift reaction (RWGS). This reaction is

as fogow : C1(132+H2 GP COTH _ g32nln this reracéi(gn a ra/dro en mgl%cule
. . 15 I
e non R bl Sl QRSB B MO KO BE e
InneEEaBIS SHORM he pelaretimbrdimenty + 1 = 3.1 hydrogen moles per one

carbang.die xideranal @xisous ek ianpraciicentiye oE s henIcaMPeuRas nifwater

is to serv the source.of the hydrogen, the calculation may b

folloneE By BB AR oh 2 HEE Y e Aoy By tmen of he
PIEgRIBHEFMZO + (4) 20 Water from Fischer-Tropsch reaction H20 +

Electrig eresmuios watebglpekolysisysidnlabdérdind 142 HR%ired embodiment of the

present invention,

Fig. 19 illustrates 2 burning system according to a 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 & 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 Hnes 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.
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In an ideal situation, the amount of oxygen released is the same amount

as was consumed in combustion thereby completing the recycling

process. In the methods and systems taught herein, all or a portion of the
woatesagsdican be from outside sources as well. A variety 2kcefipmoesseso

may pe used ta produce. hvd fro \_/vaterfLor xample, electrolysis of . .

et B R S e R R B e
pipsodietimrogen, as well as the heating of water to produce hydrogen.

Waterglegtilysisdisseleciatinthaeianrckambosient whilerothebodiment

ethods of eroducing hydrogen are known to those skilled in the art and

Oﬁ?fﬁée%ﬁ‘tgf%’fﬁted by the present invention. 30 One aspect of the

inverifipn Boshprisabesh3iéih sendsendtiyousicdrprisingoprefenalily &na preferred

eBIRalHlYSE 1R FRMEEPRWALEH gas shift reactor, and a Fisher-Tropsch
reactor fortﬁ]roducin hydrocarbon compounds, The present jnvention

comprized mERBHLENE sy BRNETER pFBULCIRY HYBPSEHSHEEmBobngTeed
ergorijrising domvesmgradiigast a portion of one of the species of carbon

OXidQﬁg‘ slugipgsaud ﬁW@ﬂﬁ%QséQn@%{r%%@Q 9&‘15930 ipiaQ REOFINOLE a preferred
|

6Erg%/dr‘ocarbon compounds, 35 via a Fischer-Tropsch process in the

QUDFRL D IESRRATSEIETh of a hydrogen stream: and transferring at
leastRigpitticinef excESsstiressmabbnierdy feorutiyéy Fisohdradeopsghto a preferred

e REOGER 10 R, B W Q2 0RE099573 PCT/US2006/009710 OT the other

p'tot;'e'ss'steps'm tue m'emod requiring energy, or one of the other units in
the system, for example, to an electrolyser or a reverse water gas shift
reactDETAREBONYIIPTHal be used to separate water into a hydrogen

gas sfreap.and a,5URaM BhoXYICH 8855 JDGRLOGESS ML o making

comprise the conversion of a species of carbon oxide, including carbon
DYAERRIROT RS BRERYST CotRiAih G BHE B oT LB EtE b EEr i SRidempidg! g2s:
liQomypite1eo ave [tihghdathahndidxedeina reverse WaldrfgassditiR\MEE) fuels

pREARES Rl RS CRVEISION AL G Q2 1akeS RIACRIN NG RIS SAAES, ALV 998 hueks,

and hydrogen may be provided by at least a portion of the hydrogen from
theaa ERRSHen 8 AL RIPTOmM the electrolyser. Conversion of carbon dioxide
Cle,10 canbon-mpneride may hstacconplighet Byaaay meihods known to

those skilled in the art anz%(%'fb g??ﬁ-%gfisl%@ @s)#tsmplated by the(l)

. . L~ . .
present invention. The carbon monoxide stream for the present invention

may be previsiekfrom A0y S QuEGEs oL BXaR| 8ot SEMES&MAY=PE roduced than

s%rea of.carhon m%nox:de from a source.separate from Qnd outside the.. .
caroon dioxide. & T €I 0L OX %61] moles isised 1§ edual 1o a sum of one mole Lor o g
present invention. A'second source of carbon’monoxide IS as a portion o

cafher] S:dHldhelstragin fiormificoptidnabisseonptd 8uses ¢o fartifg used herein,
“ﬁ%ﬁbﬂ@aﬁ@dﬂﬁl@,(ﬁmﬁﬁﬁ M &hount of heat produced by the complete combustion of &

unit guantity of fuel when all producis 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 alsc possibie to recombine therm into other
compounds and compositions such as natural gas or liquefied petrolewm gas. As used herein,
hydrocarbon compounds include hydrocarbon compounds that may be used as an energy source

such as fuels.
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species, carbon monoxide. The carbon dioxide stream for this process
may come from a source such as carbon dioxide waste from a source
outside the present invention. The effluent from the Fischer-Tropsch

wireeasdRay undergo an upgrading process, upgrading the:spasifoitrabrio
hydrocarbons into the %ﬁdrocarbon comcé)ositions desired, such as 20Q

variote R R R Sl Brdie B PG “BES FBERERG a1t par
of'fiefi pirogEso piidipgtad a2t postaprords SCGnd d refinetmrecudedly reacted as follows:
interchang@plﬂyﬁﬂdirq@@i@z@_ks&g@rate, isolate, purify or in some manner

differentiate by.chemical or physical characteristics the various ,
WhSTaH E4rBon e ARG ROREIT RS Ty IR SRS Feciehbh o tife The primary
pilotaekhe BT mpspblyrmaﬁt@ﬁpfomexmI@afaﬂmharﬁz&ranﬂmom:eﬁtytmegen atoms to
c&ﬁgﬁqgﬁﬂ%%‘aﬁﬁ'zﬁgﬁsp&9%Eﬁéa‘a%ﬁ?&l&%%—é@&?ﬁkﬁ%ﬁ B QR3¢ Pormation of

Examples of conversion processes include, but are not limited to,
hﬂr@efr*fgeﬁwwmﬁwﬁa@%% foe et adtoth i forind another hydrogen
whid i0gR Nsdton, - Bydeaishoerisaiion @mdrbdah@ylation. As used herein, "C3

compqund, MeANs a GampoUNd, naving INfes. GarBONAOMS, ERLSXAMALE: One

propane would be a C3 hydrocarbon compound. As used herein, "C4 .
eGSR S rHeh AR RIS EFRS G RERA TGt FaiBoHatbitiSeEspra@ W GS). This
rexgsnpes baiane would be a C4 hydrocarbon compound. As used herein,

"C5+ compegng"ﬂrp@gﬁg gﬁg;Bounds having five or more carbon a ms.

For example, hexane, octané, and compounds such as benzene would be

a C5¥HpHraRastisen: SofpBaiackidn Bnpttinentcorthephosetipxide to carbon
miserdion, systems and methods to produce 35 hydrocarbon compounds

from the products of fuel combustion.(car Xi are described, 7

W) R B8R BT RS Ru 0. At onol R DA cabor
digrp et et triyduse dhecatbetr P HSI a Hcisa i Eat¥0E 16 Ae source of
thelaptuginamR parionef Hae waoim.ekthe electricity to form a hydrogen

stream fr.or%}\i/%/eat%ﬁ asnd hré%g\%gg at least a polr_tﬂgrk_l%tge products of fuel

combustio 0n -and garbon mon}g%gpg, In the presenc?t,{(j)f at

least a portign,9fihe Bydieoenfiom.thedydregen.stream to 5 form

hydrocarbopicanepasadsswhaeraiRdseyek electri epergy. igmipimized by

recyqlilng elQerlgi%ga%%ngéhmed anq r%eased in \(ario#slsp[gcesses. Ina

a € Zmoun [} En. Telease e Game amount as was
preferreCPem odiment, the'methods anéy stems of the present invention

CERHTSH Theomihytioal dsibyeeryting e it b BmGet - vHI e sTegigiand systems
YR 06RO CoMPSURUSIGRINMST IR | R IFYHifhadange ofiketweenll .4 variety
Aol L L, when carban dioxide iﬁ geed ¥ 3, carhon oxide Inine 19 Mettods e

ahd syseiemg, and betwéen 064 and 0.84 when carbon monoxide 1s the
mesfbforsekig @rpiiuce hydrogen, photosynthesis may be used to produce hydrogen, as well as

the heating of water to produce hvdrogen. Water electrolysis is selected in the preferred
embodiment while other methods of producing hydrogen are known to those skilled in the art
and may be contemplaied 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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the methods and systems, or without conversion of carbon dioxide to
carbon monoxide. In an embodiment of the present invention, electricity is
used for the conversion of carbon dioxide and/or carbon monoxide and
waatat/mta-sydrocarbon compounds comprising carbon andpayidieg®ene71o
wherein a wqte_r‘_elqc‘tro!:yser is used to supply hydro to the conversion
oL SR o B e Ay BB R b et 5 TR ghdBeggiem
feamduppizy ertect i Talpherprmonositeater farthet wsetdn the methods and
systepetias RIeReNbINEMO TR GAIRO R MONRKIAEMRY SRR o sream
externally supplied to the process, and a mixture of carbon oxides can be
QRSB & s well. The systems, methods and plants of the present
inveriio mays ime fechateanptis ey oh 2ZGisubs ysteriss ebehbardingienithieding
s albeficiency ang progustivity afhe GBI RIAceSS . AYSEIh R RIS Momprise

For example, the invention may incorporate a source of electric energy, an
COBISEHRAVERIOTLOHOAS & FERETSTE WA B R Wi Sopsethrobe sdmi pbame C0:
takasafiaenibddimestnof tHenphegentinyentiogtherebis metdutbyof: é&egtaiportion of
thg ﬂ?éaé’g&eﬁsrﬁﬁﬁthEﬁ’SQeW&Qﬁé&%&%ﬁ&’&@%iﬁ@?t%&@r%ﬁW%@ﬁ%ﬁ@%@ to

reeder reactor. This reactor may be 25 setup once with reprocesse

AR SARPHE R AN A RETP B TiRGAr B PR DEP AP Gt S¥e fidlied g the art and
suphaceksigplesittehhisthbisy the meeantagahextending the energy output

from-the WOlldl S HARIMFESETYGS R é@e%a%%(ré%fﬁ%? Qld AL SQALIMPIGE] any

re-processing intervals of five years, there is plenty of initial fuel to power
SOMHES pfEARIRG eh BfSHCE MftRe B ST M PR RarpritEotideRfeserarate from
anfltRKEiati vedhrieneneegidnan becproviclect by austeanseadterivasieoheat of the
afﬁ%Qﬁée'i%éO”’ sidermochemical process, ol omhier SouIGes, INEIYING o other
ossil fuel free electricit , Suc asnhg/gro, solar, ocean waves, wind, i es
SESFigtIF RIS, BARPEEMbINaTARS o ey OTHHEs 5 Bl FECoR SEtrieBidigy @ source
sudleys batdsertodeleetolyse waletdogiertadydieganvangbexygen. In
some.embpdiments, the %&?%é‘? 8L anay need aasuu%%%”éiaa%aﬁno% 1O rocess
heat for opera |0n.IFh|s heat, fogeﬁwer ith water for t operaﬁgrn m ;? ’
upggedimgphe sy Staan Guheriheascisewhe Ry PR O35 praesi oYy Cesired, such as
va2{005/0898 7BRC T/LSZQQ6/RO9Y 10uyMhiie By drogenmayshe Peduceddy.” or
«gRnvenuonal eé%“é"'ﬁ?t‘%&‘!ﬁé‘%&”&é@@ gleciiodes, other methods Can.be ae
gfhp oye]a? m%ﬁmﬁ%g’ e thermolysis of water ?Pgr example using waste ’
DB Et SO ARG careacioES e chiemied] protwsisel checEsisn dforaious

ny$BRSEnBEINRE S PSR I PEOEH costiB lh e alesiral Yse FiRtay: D8 Pelint@eactor, for
ses.outside of the plant.5 The process of electiolysing waterforthe, oy
production o yaarogen preferably Sfuidedan

processes. Examples of conversion processes include, but are not limited to, oligomerisation,
hydrocracking, isomerisation, aromatization, hydrogenation, hydroisomerisation, and alkylation.

Ag used herein, “Cs compound” means a compound having three carbon atoms. For
example, propane would be a C; hydrocarbon compound.

As used herein, “Cy compound” means & compound having four cartbon atoms. DPor
example, butane would be a Ty hydrocarbon compound.

As used herein, “Cs+ compound” means compounds having five or yaore carbon atoms,
For example, hexane, octane, and compounds such as benzene would be a Cs+ hydrocarbon
compound.

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

hydrocarbon compounds from the products of fuel combustion (carbon oxides) are described,
7
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electrolyser comprising bipolar electrodes and a cell average operating
temperature over 100C, or over 130C, wherein cell internal pressures are
over 10 bar, or over 20 bar. Other embodiments include that the electric
weltsesdensity is over 3,000 A/m2, that a stack of cells is usethwitfvsono710
es over 60 V, and/or that AC-to-DC voltage rectifiers are used, W|th
sidrn e

il pi%”%@%%‘fﬁb‘?& R R R Re R AR R SRS RS UL TISBS TSR 0 2
plplantifigrathe thydsd e npooctudatkisidtivceie ctiotys e hy dngon gitkranijom water; and

regafflfgogﬁ Rand carhon dioxide can.bepsed %%Dﬁfo{{‘ M%&Méﬁmg%aoeam

to pro uce syngas, a mixture of carbon monoxide an

RS 8 8 BRI h Pt B B Reh B B R PG ©
foaxidgsroddbbsu ctoaachans diokitgoneadiosianin axideyas anyjmoedcty recycling

eng;&gscd é{n%é%f%% I,Q@Hgdr%q}dﬁggs tigmg&g&ce its carbon oxide emissions.

Examples of such a plant include a blast furnace used to produce steel,
and 1BESITIREIcHGEP B DS TBRAGARBT §ELRF BF b BE R SREaipn convert the
infradianidioxide itathe highoroxide Oucaf bomutigesarambdyremayohdustion

rg[)g%&%qﬁ% 2ypnethed., 'glﬁf ydingpt natliniteditq, Gxtenal '&;%mqg@ in the

any source. 20 A method of converting carbon dioxide to carbon
ARG RIS TE IO TG TRE 8 6 e RUFG Shasratiorancashide dofaferbon oxide in
ihermemuma@W&sesmwﬁnod&and:&yst@?n&wh@ﬁejﬁﬂemmodmm&maﬂd

hydr?t?grrl] e {%E F gft%g ré:/s\:{%%lsor{i?ggq{ @;QM&%{%‘%&E LEQISEQQ%%H¥BI’81OD of

complete conversion of ca to carbon monoxide, for example,
cazbeb ilerisio A Sver TOoRaiee ﬁvéf%my%wymﬂf%wwnds comprising
caﬂf&f@sﬁhﬁ)ﬁc&ﬂﬁe@“ﬁ{@&gp& \;Fah& eutpulvesraffiitentsipam Biibe-2 oA/ Eabersion

rr%g‘s%to'ﬁ“hc ca HS%OC& ebx%g de and *W%r c? Ino@c's:slgzég%xg%trl%c? Io carbon
PB&tween zaro and  three. jf:urt er, t re inc means of separation
menergoris fofeartso ﬁrdtb%@étwstw@d cﬁﬂfﬁﬁlﬁ? & dhf‘eewﬁﬁb%‘f%@%ar%cafb%

meliexide i thndnpuk::Qhey pigieiied mbodimentsmastuisciigesthaddhes can be
Elergtm% Llimperature is between 350-500C, that there is provided steam
su 18
paration by condensation, and that more than one reactor can be
seq u’@ﬁﬁ@f?@@ﬁaﬂy@@ﬂ&@mw@éa ofNheelTiIsERt FREIURTER SORSFIsEate 2 number of

sd&tﬁﬁaﬂﬁd@@ sepmation Qﬁr&%ﬂﬁéﬁ@@ﬁdﬁe@m%@&ﬁi&vﬁ?mﬂ%%dﬁ/ﬁﬁ&ss, system
ctors sa b% {od ct of th?1 RWGS re%ctgr %peratlgrgé W?te{ nerey. am
o pP dliced that m a% e lised 10" T8l an Sledtrd yser. ,&syngas € uenef &Y.

eloghriebisis. géh‘é’ﬁéﬂwa%wwﬁoﬁ%@b@n@ﬂ@ﬁﬁ%ﬂ@tﬁﬁﬁﬁ@%@gen and 35

someyresidual SaboprdieddesisdeshiiamiaRWoareacialde@ ety generated

frfr)?na%e? eédo Ig%?m lea? wvigogog‘%/gg‘gg&g 1'3:)%-11;1/39 %ree«gg)/gg{%z} OThzs reactor may be

setup once with reprocessed nuclear waste, and then its nuclear core may be reprocessed at a re-
processing plant. This has the advantape of extending the energy output from the world’s
uranium reserves on the order of 23 fold or s¢. At typical re-processing infervals of five years,
there is plenty of initial fuel to power the present invention until the end of the physical plants’
useful life. Alternatively, the energy may be provided by nuclear reactor waste heat conversion,
a thermochemical process, or other sources, including fossil fuel fres electricity, such as hydre,
solar, ocean waves, wind, tides or currents, and combinations of any of these sources.

Electric energy may be used to electrolyse water to create hydrogen and oxygen. In
some embodiments, the electrolyser may need a substantal amount of heat for operation. This
heat, together with water for the operation, may be supplied by steam generated eisewhere in the

plant.
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hrdf8'gen'mh991%"2'd'd'bd td"tli'e"syl'ig21', or to carbon monoxide, as
required for the desired output of an FT reactor. It is also possible to use
carbon monoxide, such as waste carbon monoxide from existing

wibdusiialspsocesses, and combine this carbon monoxide wigr-kyerRgene 1o
instead of, or in addition to, the syngas stream gfﬁ%oduced by the RWGS

reactBPUESHSREHIRPREIESE B SradeitoRRl SIRTRLSE Q¥ Hive B rgedes,
oﬁ&%b@ﬁﬂﬁ@&iﬁiﬁdﬁﬂ;@“ﬁﬁhﬁ@éﬁdﬁﬁ@ﬁ@immwm s}ze_mmé using waste
heé%%tmlsmgg&g} '91%&809%9@&1@%93,@@?’aHEeégﬂxiH&ri]%§sé@Qh%1§ methods.

process. An FT unit of the present invention, which may include
ORy&ra BIRSHCEHE P plesERvesT Brnet iy P 9 SYETR P FRFNEBT carbon
monaxideassk by dikegeyda hyditedar terhednytion ndsy &bt rafesthahalaies an
desirable, for example, a conversion, of 710% er over
7 iy - °C,
oA S rmpre o e SIS A0 2 QY Bl LO o IR PUEIAR U 100
oo ¥ dveiastEm e BravdRt HE StHE Y B tRYF Rt FB MoV arFs &f bar.  Other
ersbhstantialiylisptnarmal onitiorsnAdailio nalystb@hydredenasUgRly 8 cells is
cantrolled, for example, for,minim roduction of hane and,ethane.
R SN G n  Shots S e ATHIRNE LSRN o
vaigaramniessifigictidensation 15 caused by change of both temperature

and prpssure ARRYided, andthakmorathanReef bro@ReionMRY drolyser.
éeriallyc nn ctegigr. aving more.than ger}eirrlet%ct%

Azsﬁ% lélegégl 51 qﬁoe{l az% fm% & can e, used toggt l’WGS reactor (o
operating at” subgstan 1al y arrreren ‘ emperatures a assoclated operating
PrOSHi DRSS HBIEaa ySeabon TeoRiEaddy #agche a metal such as iron,

cobal, pigkel.apghepubinationsiberask 3:Metal 963 sUehiAR M eRbon oxides,

oxide, co altgxide, n{)ckel oxide, ruthenium, 20 oxide,]and (iom inations .
sugt carbpn_dioxide G &arbon mon Xide as a gi)roduct es,pecxa}‘ a plant that 15 required to
ereor, support-type material’such as alumina or-zeolites; supported

reghistals, b@doristaistissicral ddgeslemikstichnetploxidesdandlast furnace used to
peRmRPinationsiofthe se LA tRlandsaihesa know {© fhese-skilled:in thearbon
d.art. The (tpain outgu%of the FT reacftor iS a mi%<ture of h drocac[%f)%y thod
B STRGE WRRA By BroBlieE oPWate? thal AR hAVE &Ry 6r tisdly method:
sirdmaswendgifeddoctheieiediyalysel ey 26ueaction is highly

exothermig.and theRealkcambe BSeRdNA MAISHHRLWANS i AF&X8NRIGs: of 2
at least a portion of the heat can be removed by a water stream bein

ROV EFESETo SR ARSI (S SRR FRRPBEh JRAYES 58 @f&%%li?@g%ﬁl carbon
diredpsired. e mixarresufiipdrocadbiv S ompours @xiting arrTaeadtoromplete
«SPaY:Re frd 108 RRStaPrecesRINg Mlankihatl caRBE SINUALQRILMARY10%, more

ways simpler, than existing hydrocarbon fuel 30 refineries as no removal £t
PSP G SR R Fal Y oy Bl Pof hYERbHEA™ of 1
R¥GHpoundscanrbesuseaimthisyiéstagrocessingy refifDg proceSs:tosyietdro and
HEUNRASHIONS, LOMPIRING LOMANSTIPIE COMBOYRIS, AU SURBOS EBRRE on the
may be used as fuels. o _ ~
output, and recycling of the carbon dioxide to the imput. Other preferred embodiments may
include that the operating temperature is between 350-500°C, that there is provided steam
separation by condensation, and that more than one reactor can be sequential, seriaily
comnected. An embodiment may comprise intermediate separation of steam between serially
connected RWGS reactors.
As a byproduct of 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 dicxide, is fed from a BWGS reactor to an FT reactor. Additional
9
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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 35 need for after-treatment in
wiehigi@syshhe fuel compositions produced from the present pragessodddorto
WO 2006/099573 PCT/US2006/009710 avoid many of the inherent
hy A H ARG AT S5 iR Y ERITI 0N, T8 th BSE TR SRITE Hah & h 6oLt put
ofcanfntda@mittog eiscanieihte andsaoagdrematicsceionterit. af veyteloarbon monoxide

ﬁagw§;g§]{§ have.hish OXQJ#@“%A%&H&@M metig ﬁleﬁsgmed@ﬂﬁlmecﬁo instead of,

excellentresistance to thermal oxidation processes, are fire safe (i.e
OISR AR S TeeS S BT GERSHIE PR PAtt &R Espe sl Phiplent of the
pipseseniveysie makiithe rprovidedfonmethods usingseparatons, der need for the
in e%g&%]ogteﬁw%?%gﬁvéﬂl? g&gbgﬁ %’Jﬁdi‘){o%% RI%JQO%&OV }1%99 bypassing the

Inventive combination of ‘heat exchangers an compressors/expan ders.
RS gyetshs may include the use of compressors or expanders with

heatimg Br nglimgtﬁ@ paRelition gamim i\)&HMESnE@f cendensatonaf amsefeatadors,
c;Ln a mixture, wherei exganders an Cpgf}gressor Oc&%d to

arily. Droviaes cohyersion o %ar nmo $OZ6N 0 on compounds, at
COI‘] 10N gas mixtures to t eswe tempera res. he systems may

raipsdhigbae dREFRy 75 TORBRdeT RSB b PV SPAtoRST Brcderbbicy a8, and
mwﬁlp@f@ﬁﬁy@myet}smw amelgﬁ@eﬂw '@ldﬁﬁ@oﬁsmaﬂ@ma&@a@mm provide that

wgRRIoprale, %%%%&F& ’é%%?éa?ﬂ”l%'o tth%&n%mRﬂﬁlﬁ’ BHASE. hydrogen
conversion of 4 working flu Use ating or cooling, along

SURBIN &ttt e sishrarce Xpa s on @égb@!lmbaf wedehesd f@thane Other

eB¥@RRIR: RRALRUMPSISING P EANRIBRES 63N hEused4a:p Ve ek figMition

Ao 15 femperatie area to 2 high lemperature areg, andheal emovers,
3ém B PaRdeT-generator (Sleche pOwar generation) may iized

r@m@ @exéﬁﬁﬁwem% psevitiesenerty effiienesystertenisas useienepgiing at

s&@@g@ﬁéﬁ&%{&t @g}gf@xﬁuieg ihe ﬁg%yﬁééi@%@@ﬁﬁgdaﬁmmaes including
car 10X ar monoxide, .and water in hydrocarbon fuel
o & YO0 SEal Ay SIS o e Srd AL g A, P el e
canripHsesisect ¥ exithl alend@ewféal eaufords ctelwity waive ratleh owhicnthenium

oBIRCHIRIRLIRHSRE IO GRERORHIGXIGE. %%@9&1 Renaxigde-Ang Walelites; supported
conversion into hydrogarbon fuels, A ?%Yﬁlalso com rlse
i

B AU R e B A AEETS GRRe B UoREIan G AME 0P SEHe eGPty
argasherixyrencdothpereditsd fheepresent invention further incorporates one

or mexf myﬁﬁm%ﬁqmpﬁ@%c%ﬁ IE%%@!Q@J@%&?@%%&@% with a
components of thicgglstem mcludl%g the transfer of heat fr

OYRrREtSH ) H8 I RIS SR Set EiteT diksttsP ot ?ﬁ&%%ffé’r&%ﬁet%b&éﬁﬁ? The FT
reevieny ys, fegdirgoleaotio stebeifromuFie readtor (syfoergarfidensation ¢maample, at

15%?9;581'3{51? Bftiﬁﬁqgﬁr@ﬁgap %J{}Q@bif: I water stream being converted to steam with that
steam then being fed to the electrolyser if reguired.

The mixtere of hydrocarbon compounds exiting an FT reactor may be fed to 2 post-
processing plant that can be similar, or in many weys simpler, than existing hydrocarbon fuel
refineries as no removal of sulfur or nitrogen compounds is required. Some amount of
hydrogen compounds can be used in this post-processing, refining process to yield compositions
comprising combustible compounds. Such compositions may be used as fuels.

Upon post-processing, desired transportation grade feel compositions are provided, that
can include high-octane gasoling and diesel fuel of a composition reducing or even eliminating

need for after-treatment in vehicles. The fuel compositions produced from the present process
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reactor(s) for use throughout the system by users of heat, via the use of

heat exchange methods, transferring heat from FT reactor(s) to RWGS

reactors along with associated input/output gas 30 processing, heating
wigagiionovater from RWGS and/or FT reactors for use in anpeteatsedysess7io

and supplying heat to gas-liquid phase conversior for cooling and heati
Srheme el et e e e
subfug asnexpandeitsgrithceltutt cafe ne rFatoreish eoyes: cOmMréssbpyevith have high

valasiHe mators. fansereiving Ane-eading, elRediice NeiBknbe  FeQYEHRG, dRidation

35 reduce s_ucbstan,tiall overall energy use in the plant. 11 WO .
PISEORTOSEHTS BE 110 SIOLBTILOY KOS HY FRSERt IRVeE T TR e

Fig. leanqscises$thm_e°33éﬂaep‘adwa%hm@®ﬂﬂ@mesm#meﬁﬂown@ﬂib@ﬁf@a%s
ind"paihad.of canvating.one oL MAreIne s Rl CHBARRXIde S dM@xchangers and

hydrocarbon fuels F using electricity as the energy.input E. The out

t .
CRRIE P ELATHAE e, TOF BREMbE G ASA e Giber ARUTERRIEE Pigertader v

hdﬂmsgratg:@ﬁlpgral,cbigmbevgisms &f the & patsentinvehticn t00ireacksture,
wﬁ&@ﬁ’ %Q%&QSO\M& %Yﬁ!%s@&g IR eﬂg&\ﬁe tﬁt%n%&{a %%i bﬁg{!ﬁ%@’\’o AR degsired

together, forming a preferred process of the present invention 100 as
CERBHT Fige S eThH e RGNS DI iR HaHSBPh SH RIEIE ™ ©F 2
sdkemiceal antl gase theuse of electridity: fudrivectie cooversigahas appropriate.

oRigvigusly hesnavgided. Ahe industosbasdehaingdranss 1Q,daYEBI0RIRNY that is

methods of producing fuels from carbon oxides using electricity because _
Uit SR I R SO TEE WHPBSS TR PHO6! | APty ThE BaRtiopet! (rres.  Heat
narergy efficiangkoldheppresaningwentippssigreates thedh 6086y¢hatisydine low

34908 ha%agi% ?ﬁ%ﬂ@%@%&% 1hs fuels,E.1q the  amount of electieity Feraior

reguired to drive thé conversion(s), is greater than 60%, ahd more
(Sheris BpRFastal MR %  tHadverse ratio, it means that the amount of
electme-onesgy isvifiap proxitaatetygdowasithasy dehm{16086) tiraes, afithas electric
o NEPUO AR O e luel Lo 80 MOiEs PIIRIRRNME! M1 GP monoxide,
tin1es. In yet another high level view of the present invention 100, as
anthafer iR iy dpoagiBo Feda AT Brjededien ﬁ‘fﬁ%se”s SREhardyeiRpstEiEyepter also
cRfMidINGe B da iR PracRas, far cROVRISI@BsieR30Qean¥reingthe used for
one oy mare species of carbon oxides to fuel F, .and a 20 en,l
o T o RO b oty ok DB R e ey
alsarbUTPE RSB T AR eTEPAPT 0 e denverdiBrrste pabboecipening of sas
whe:earhep-axide to fuel F. as shown in

The present invention further incorporates ome or more subsystems comprising
transferring heat or steam between components of the system, including the transfer of heat
from FT reactor(s) to an electrolyser either directly or via conversion to electric energy, feeding
reaction steam from FT reactor(s) for condensation in an electrolyser, transferring heat from FT
reactor(s) for use throughout the system by users of heat, via the use of heat exchange methods,
transferring heat from FT reactor(s) to RWGS reactors along with associated input/output gas
processing, heating reaction water from RWGS and/or FT reactors for use in an electrolyser,
and supplying heat to gas-liguid phase conversion for cooling and heating of process gases and
liquids.

The present invention also comprises use of gas expanders with electric generators and
gas compressors with electric motors for receiving and feeding electric energy, i.e. recycling, to

reduce substantially overall energy use in the plant.
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Fig. 3, it can include at least two subsystems, one, a carbon monoxide
conversion step 320 for the conversion of carbon monoxide to fuel F, and
a second, a carbon dioxide conversion step 25 360, should the process of
wiheops@sers invention 100 be presented with carbon dioxidepThes2006/009710
conversion step,360.converts carbon dioxide to carbon monoxide, a
then T5E LTS CATHUN ROTEE 10 L ST SIS ATRUBIe o Brgpeeen
in8@0ioAliHhakiralys ondthgbwbimationivithnthe caskrorpasgriosidestrom akides into
hRPAMESSION 18P 30 FRIROR MOROXIdR e, aifedlo KRRNEISIOT SIERAR, for
from outside the system of the presené |n\_/ient|_on 100, f?r eﬁg\pf, from A
*{BTaREs B6°EATH O THGRONU d as oS d i B & MstEFE o BB S Sha e o e
pregemtbeviatdo e p36Ctootniveits GOeCuBotvagnyergion Stepdh3R0elow,
aolgutilizeratlanst gaorienctihehydragemromhvaroses inpvh $teRgs, 5 and
400 to drive thelr réespective conversions. In one preferred embodiment,
b.the invention 100 is presented with both carbon dioxide, and carbon
mond&¥Kidie i aindibws therghoedssiot tien3oedr ésentéavertion, 180wt esciricity
tebgmec%vecfo%i%}s?&ﬁ%?%Qev}&%i}%éé{lo&&%&o%ég %I‘ldi}stl'y bas refrained from
PCT/US2006/009710 In'Fig.4 an intermediate step 500 is shown located
dyelpRsTRE GRS R HHBECSAV SFSTB f2bap SOt EBiuE AIFYIHE O&FRH the ererey
effisicleiandetheifingl prodwctdyetsily (Haypicallretherectitpyt offthiencpmiensionsent
in%g?leo‘%qg J%E‘t&ﬂﬁ&‘i%%?iﬂl&’%{%@?&ﬁ@ 810&1308%‘ %%alﬁixg’ %eo&vmécl}ﬁe@ QMO the
o & d

some can be used in fuels. Thus, a post-processing step 500 is provide
T SHatEtHER] 1 TEHHEH &I CBInSERIETHE for & &ile Tfefd fe. and more
piPkefervegdambadingons of varnusaubsysiemsbitke presentihviestiorenergy is

100 are shown i“ahﬁid% 2 B%%ggs%wﬁaeﬁi e1RJRCYGING Brogess: 8hd more

apploxpnat ower than 4.
pﬁ)lrant, to produce rocarbonfuels from the products of hydrocarbon fuel

pigbmblIdaoisT thﬁ’é]in%éﬁi%n includes the energy input step 200 providing

energy fortheRmecegs ingludinggene kg alecticity 108ing phsieampner, the
prreesg‘rﬁ:tt?él%c]écs)szgipﬁ Ii%f§r%b'¥f§rs%%ﬁ‘QJ At Qreedgy ﬁ%‘%}%ﬁ% Cé%l%rscygmt'&‘ h%X%%Qe%s, a

nuc e r waste. reactqr 2 an be setup once wit eproéf ssed nuciear
CRpEREOTRAGRIER RentiERGtoPBS 4h BE Y erSKE s trEON g Al &> and 2
h¥@rdacassingplam 220aexipniche energyiauiputiromdheweddis 300 of the
R rgﬂn(i)%?e r%s r\{ , perhaps 25 fold or more. As will be understood by

those o skill'in e art, at typical re-processing intervals of five years, _

thereRgferipnghtisiten fersic ssowep trasress v sventiciidesungl theemgwn in
rif isivsafuhdifee Bheflactsicitysigpravidrdde:toerhydregan ippukStandPB20 for

which can in Iudg electrol%sincg water in.an elecarolys r41é) toarorm .
the eonversion Of caibon MONXIUG 1o fuel I, %ﬂdla second. a’carbon dioxide conversion step

streams of hydrogen and oxygenh. Heat, also
360, should the process of the present invention R0 be presented with carbon dioxide. The
conversion step 360 converts carbon dioxide to carbon monoxide, and then feeds the carbon
monoxide to the carbon monoxide conversion step 320. Alternatively, or in combination with
the carbon monoxide from the conversion step 368, carbon monoxide can be fed to conversion
step 320 from outside the system of the present invention 108, for example, from a plant’s
carbon monoxide waste stream or a mixture of CO; and CO can be fed to step 360 to convert
CO; to CO.

Both conversion steps 320, 360 utilize at least a portion of the hydrogen from hydrogen

input step 400 to drive their respective conversions. In one preferred embodiment, the invention
106 is presented with both carbon dioxide, and carbon monoxide, and thus the process of the

prasent invention 10¢ utilizes both conversion steps 320, 360.
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called thermal energy, from other subsystems of the process of the
present invention 100 can be supplied to this step, to improve
efficiencies. It can be supplied either directly to heat water 20 when

wikgamiEadoersthrough conversion to electricity to conduct electrolysieo@ames
known té/p_es of electrolysers 410 may. need some Q}ga%for operation. Thisf the
S

heat Ro§dhar WitHiTERs e SREcrOl Lerbpdtatish’™ts Breretanhy stHptied
cqprienasilystoy 366anmygetieratedalsewhike indhie Sydterndotitfielpidsdppically, the
mle%\ﬁ? ion. 190, Jhere ara U erous H3es: iRfydrege BRiadee et B of which

ectrolyser 410 througgout the system, while it is_preferred that most,dif ;
o ERIE GRS BEFRIFSS phtu RSP ETS He VER JRIgR REPATY iRsgade them to
thoutsida thensystiom, dbtheprésanti®ention 100. At least a portion of the

hydr%@&&%éﬁfgaﬁgdmsﬂwl&@&% %ﬁ%@s%% whichyitthe sxstem 168 eshown in

resent invention 100 handles both carbon monoxide and carbon dioxide,
Figsa st S dsrapass, A e MsP RGeS P eaB P uiau B entieione's fom
thetepaRe i epapleyed, nealuditgaioeVveisenwatemgasshiftipracess input step 200

namely a reverse water gas. shi aglon X ID€er reactors
pxﬁ;/fzcﬂ%g SdEYES EI?BW(% c@g, ?‘n&'&ﬁn@&/&%@{g u&ta{ 5’1@%&%”9 9%@%’5@ £

én and ca dioxide to produce syngas, a mixture of carbon
2 et e B SFEAC AR HBY SPEHTRES PRI RARRS S SHElr GPRARDAL0 can
vélRam isdereducesdhatds fedda heteleatrobiset dldesh Gotirae bf carbansed at,
dioxide for the conversion st e apl itting carb . ,
R e s B B e L3
regrEYIBP EHRS IONS1d 13 M- 200 8780gsSEtopA IS 2Ders 0087 & PR&hihfupical
reepanples ofisweh planisyans, blast furnagesitisedtie] praduee steplksamtnvention

u{of,a{l feun%l JPawer 1&11%5 using coal or gas to produce electricity. Carbon

joxide can come in"a mixture with carbon monoxide. This mixture can be
eithefBepdraiaitints carsisaddisxiths dndrearbornvorBRIAOSr pritesda inciude
RSRINEFRK han 21EeackaE3Hd coropiciingBoBYBaiop-nhaagRedioKiede, also
céﬂe%afgxgprg eOQroﬁz(' e'zr;r &ﬁ§§%§g@th§%€ﬁégﬂ§h%ﬁ%b?@%&]{({g\%%@gﬂ 160 can be
COI’]VGI’SIOHA S 65 3 ), INCiu |ng a !S er- 1ropsc prpc SS to combine
surplirsnieribisoyide tartithyt sferctsiprovicem speerind efhwiydireehiioRgat water
whaseden-a doubig.hepgltasicab JBaEAPRNMARNEREICORKET SIERSERPwn types
20 can incl%g a Fischer-Tropsch FTéé‘eactor 2. WQiI? thﬁ1 T reactor
; = g ; . g ter f
LSBT e G Siole TS Dte M & o A i o
ecanivbemopraxige. flomrassistin gynplistrimiprdbess spam repeatitgissanisre in the
sasie.cabon manaxidewibohydregen. insteashohser Brageitigs thoduced in the
syngas prodyced by the RWGS reactor, 362. As is known, there are. .
aﬁ’ﬁﬁ%@é Pb‘{%gﬁ%%%%g&&ﬁ&sﬁ%%{ﬂ c%%lcealr 0 ﬁrﬁ%rﬁec‘)ix%ﬁ% as S\t/\’/é%ls1 S & poefélael ket
pindoordbirratioreevithuc grbontdioridecutside the system of the present invention 108.

At least a portion of the hydrogen is fed to the conversion step 300, which, if the system
of the present invention 100 handles both carbon monoxide and carbon dioxide, is a two-step
process. In the first process, a carbon dioxide conversion step 360 is employed, including a
reverse water gas shift process, namely a reverse water gas shift (RWGS) reactor 362, to
combine hydrogen and carbon dioxide to produce syngas, a mixture of carbon monoxide and
hydrogen. As a byproduct of the RWGS reactor operation, steam is produced that is fed to the
electrolyser 410,

A source of carbon dioxide for the conversion step 368 may be a plant emitting carbon

dioxide as a byproduct, especially a plant that is required to reduce carbon dioxide ernissions.
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In one preferred embodiment of the present system of the present

invention 100, only 15 carbon monoxide is processed, (not carbon

dioxide), as this materially eliminates the need for the RWGS process
wabodiessystem of the present invention 100 can also use panitasessto710
_carbon djoxide and carbon mpnoﬁdet §s waste fr m induElstriaIt €500e§§e5'1 fuel
Y0 BB G 4t A il R Radffion&t AYarSEen Ean bE ddGed 6 uiae 1o e
peyrgas Uit ofstepa60padatorksthatycarbon monoxide input to step

320, agueauiashitoadivshing desitad-oWtRuLRE NG Aor&RCtOfMR0r32dre can be

The main output of the FT reactor 322 is a mixture of hydrocarbon | .
SIS PSEARES BRSHBAN FEHS) 2R fRHICATE A B SHEPTETAES, WRIEHTR I the
repeafe}ab bpfgdetoghemstestohises4d BicThe t¢chutmactiorigdaighly

exothermiG,.30:0ert s ienaved AldeRS R P FUIIRG WIS B W NI ISine » Fisher-

converted to steam, which can be used directly or indirectly as a source of

TroResly Praresss 18| SRTEINEePRS. FRRFHrSRd S A8 S uRIE Suth PR of
hitte datboeabistdcamn dodoehiaraci rickbckiasThe versiomohoriieoikenithatdh 828 can

n;@%%%ﬁfé%ﬂélﬁ%@&%“@% rég@(tnmc @Qge ﬁﬂhﬂ%ﬁlﬂe%ﬁ%ﬁ&@%‘ﬁ'% @%@yngag from

techniques, to yield fuel compounds. Thus, the hydrocarbons are
SEhgPRdEdS BiPRRTEdical S88p5tD CbRIdING & el POt eSS Ry S ep oTeses:
ampf oduwbmdhbidesiedcbmpositicids oftfukidrbe30 intepdS) «an Hdldde @, syngas

pRANEPEIGES HRURIEadiag plant 2H0hahisSIIRERYLGSRRAIN tmat produce

simpler,"with fewer processing steps needed, than in existing crude oil
CHEAREHESTSE R TR A EE AR HRS Rh Bl s Rpbdiediitied in the art.
Agaiily seemedmed pibdbliycragentiagmsstepy4a0 niaychfassedrmethis 100, only

cﬁ%@&%&%%@ ‘?ss p?gc%sggg,e(ggteéa?ﬁgr{r}ﬁf\%@?&%n aLgSCEIE %&U&Mﬁyeﬁi%%tes the need for

distribution lines, gas flow 35 recyc eedback loops, and Inter-process
R dRVATIPESEtFiSRY exERdMER. of Heedvetent fé&ﬂ@nlﬁ’w@zé@em%%m of
cdrel /HS200@H00436h afdheidariousdmpreve Ransiin paebaktiepplying such o
ofRRYSIEMS LG, &?%%”&Jﬁ‘%@%g”ﬁ%’%@@d the 2 Iemsds SHicIencies: e
provide a system w efrein prefera fi/ at least 60% of the ene y input to
CARMSTHRRISSERTEPEL iR SR s thre BT Rt geherdrer by umat iidisar T reactor

3power plant) is ultimately contained in the high heating value of

comle%tion og‘%%

u%f Is ETS The §¥§tem af the girgsg_nt irhvention 10
t : based
producesmﬁlélne Cia léyﬁrodﬂ&ca’[cs?%\s ffsisodurt%ﬁtusmare ¥ue?§?ra%%08xm>?§3%.sl Rooce on

-(Gdtiti o1 tARBY S ENTORERE HresEn OB AtDI [TB0 p el ivebactistiodiser 416. The

Fexiepnalitysinithat Erepuees carkon diexide.Carben: oXide s water, which is

c&ﬂfe%gﬁ‘ot‘é?’s‘?te%f‘n? %‘%%hb‘égr?;ﬁ%%%sigré’r' i eotr?%ﬁ‘é{li?c or.lo glgbal warming,, sor
IS the subject 10" a variety of worldwide Treaties, suc

slectrolyser 418.

The hydrocarbon compounds output from the FT reacior can be characterized as a
version of crude oil, in that the hydrocarbon compounds, like crude oil, can be refined using
known techniques, to yield fuel compounds. Thus, the hydrocarbons are upgraded, or refined, at
step 500, inciuding a fuel post-processing step, to produce the desired compositions of fuels F.
Step 500 can include a post- processing (upgrading) plant 510 that is similar, but generally
simpler, with fewer processing steps neaded, than in existing cruds oil refineries. Such refining
techniques are known to those skilled in the art. Again, some amount of hydrogen from step
404 may be used in this refining process 500.

The present invention wuses multiple energy distribution lines, gas flow

recycling/feadback loops, and inter-process heat and electricity exchanges. The overall results
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as the Kyoto Protocol, and national and regional implementing
regulations. 10 As described, the final outputs of this recycling process of
the present invention 100 are many desired transportation fuels, which

weandpolyde high-octane sulfur free gasoline and sulfur freerdiesghiivgbef-1o
- composition reduging or even eliminating the ?eed for after-treatment in
o BhiKES TORPLIGRREE GRS SYSESOTTE St M TRTEARGA B0 & dne =
syatbilityikte pfociacees, gmvﬁma&hyﬂrwba@mmmmpbmébmm@%ﬂwfdﬁwmrgy nput
wayaniage isdhe.degree:pf.conirokavailableto %e%m(?nﬁ@meme@a@ealg%m is

[
the ratio of hydroca%%on compounds producedaby adjusting_particular
uifmashaeneigrdin edtrb deetne R Rt s En IR S oftio of carbon
monaxideand by drogesenicidiopartiéllarcEpte detofsid yranting theits outputs

@ TGHN ﬁ&é,%ygag.a%;f%gdm&fftﬁg%%g@@%% Bf BLcLeastRidl ifoRQRSIIED critical

achieve different output ratios of diesel fuel, gasoline, jet fuel, and_other _
eXGERIBUIDSRANE HStea MR P gt AP GOPE ThE BHRIBAHG L ETprdEEHEe I
is ingankapatdB.is: de gohedaniugthend stticbalowyinetydingopiefesrBdaties, such

as‘?ﬂéli@C&'Jt@ﬁ%%%c%ﬁ,tﬁ{%ﬁ‘ﬁ%&%?a%%{%é Bﬁ%f”ﬁ;%&l;%&ﬂg ion Fhergy

Distribution Lines The system of the present invention 100 incorporates

sevefdl Gt diatdmationmies Ritncave et fyprBieTahB ) ifetPt are
melgcltisanehgatfixample svoferaigyctistiution.abstitestemplayed iyl sulfur
fr%@_ edierglsﬁng g’%” ‘g’teé%ﬁ rs%tlsogor\évé]aé?nlzlt% &x&%{ﬁ%&&@étﬁé‘e&é&? f%p glrtg;Xtreatment n

istribution line f SIS‘USE . For example, one EDL Is a conventional
velpiss. pRBs e RERTa A e SHFER eldBtr v e st dtd i iRebleringdtee
VR GOV entiobabphasepanphask. valiager imthea jO:50Kk s g ge cant@ngeilable to
racticed in commanly-used electric.power generators. However %ther N
- 7 adjt 1

P R e o oL B G by ST g B g Moo
PaEBRTRDTY iheeioabyyarso bersaribt Ghelirapy s kattpntengrtide and hydrogen
feblHMRAFGLRH ETCFAIALE: ANEL MRIGRS BFe SRIABCHE ) i0eeR [ ditithif: types of FT
reg»),{t%t%mf %’eresE t{?a% ahe Pl %‘i?{ei‘%Y Qha.pynehrongus 1y ’O%QPOYEQ}'R%E‘?HM, and

ontroffed 6 matc frequency, phase,and voltage amplitudes, so they
otgerfalisfeddibe EBLamgsaralemnzkigpgpe of control is used in existing

electtig-nowar gricheonttal. Matpisareopeiessaskioie.nha WNAKABAUSIcInding

type for 35 controll l%iﬁlit ,.and to realize gi her efficiency, but other types
e %C?S%%Sgﬁ‘% FRSE PN SO0 553 BEHAIS2006/000710 I

a'pri Bfe'el Bybitrffior fHetpresent invention 100, there are other energy

distripytiondiness distributing.heat:0] $0SHRAPEREINYEAS ORPESEEd®ution lines

electric energg% throughout the plant, The hgca% dtis ibuti(?]n Iir}es @D&)énb §
WS SHEIRCER SRE Pt TSSO a Hedt S G0 CRE" ARl ABIRey cnerey distribution
lines employed by the present system are shown in Fig. 7. At least one electric energy
distribution line (EDL) is used. For example, one EDL is a conventional three-phase alternating
current eleciric power distribution line operating at a conventional phase-to-phase voitage in the
10-50 KV range, a range practiced in commonty-used electric power generators. Flowever, other
voltages can be used as dictated by specific needs as would be commonly understood by a
person of ordinary skill in the art.

Numerous generators and motors are connected to the EDL in this systera. Generators
are preferably of a synchronous type, conventionally 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

controilability, and to realize higher efficiency, but other types of motors can be used.
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heat to a heat users. 5 Phase conversion of a working fluid is used in the

heat distribution lines. Each line uses two reservoirs - one of a liquid and

another of a vapor of this liquid, both close to the boiling temperature and
wiressuwe 0k that working fluid. When heat delivery is requiregl; wapafoiSoos 710

taken from one half of the line, condensed, and delivered to the liquid half

of thiifE-EBRUSHIBRIGH BRAIETRIBELEAT WudEro PR R RER HErEtion
heddaditatakadicat, thendiguitis (akemeidivaptkzedyarygy dbtivestedtase plant.
Tﬁ/ea}pe% é%t}&%t\@fpl?r(e@ ?ﬂ-fﬁ{)tgheﬂ“@ %ys@ﬁﬁ%gﬁaalcb%ﬂth'&ﬁ?&ﬁlﬁrﬁgﬂ @(u ces, and deliver

evaporation of working fluid. In a’preferred embodiment, there are five
hegidindieteHipidratures for each of the five heat distribution lines. A first

HD L isapreferablivabiheroperating tenpeé tatircheftRMGSiredater. 3B2) line uses
o SIEABI I LineARgS 8" 2RABAPE IR BrAIRIIRAEBAAIBEN, e boiling

operating temperatur reactor 362 Is approximately 4
teRpEAS P erattie of F§=”15Méﬁ&ﬁ%%s@@ﬁ?@ﬁé@%ﬂ%@%ﬁ@%éﬁﬁﬁgs taken
friidremanethas ftuid aviidemssintdrdbipataf wapelizaidonidnd simitar oilidgsation

E(arxg’s;, él 9 %Cus-errho |rs H%% IS Hlsieedma tal% g& Eg gggthga% g‘éggh 3263 taken,
|n 0 a réactor, ant eliver heat to t iS reactor itsél
VRWES Ped SRS fIaPRIinike 17RFEE oD iR ek p%ﬁﬁ%?éﬁﬁtﬁﬁléoﬂ%fmd by
evapdkatidH aqmg{{mqmt@g referred to this line as "RWGS-line", denoting its

vapoy part | 'y nd its liquid ith an "L". A sec

orerabp e s SR st S leppe A I ot gy e
dighpioRHges of 180-350C. It is preferred that the working fluid of this

Secomlidm;)isly\@%ﬁér@@ used Hp@@@kg‘ifedpmdlfm RV POWREIPINELS plbfBrably
OSSI a.separ te om ogp for the FT reac

TG A ot A e AL Al G B WS
ree@hyléﬁ‘exg Broobximdictx PRty e/Sohel orrMlasiis his atsiathis get@hﬂiene glycol
a R w B R A AR SGIRTS rmerm thisnihirdMPbewilbseraesimes enitar boﬂmv
referre(tj 4t 01; is % s "ET-line”, 81 tln\t s %team art with an EW
P Water part'wit AR RBLE S aetaerlrillﬁcerrma?ﬁr‘ea% Water i the
argldotrpljserga0iorbisaxastmpléisitican e BY P 186:080E radejbspreferabfyrther
dé&ég&é%@@lﬁaege fgﬁemgiwy (BRsenf this Ahirdeh Y- dgdainteed thevGs-line”,
delectro ser 410 Wltq Eﬂfflor ste m. Th third HDL preferably uses
WAEBE HS AP ERING fdid 1n F‘q&es’%‘ﬁbﬁ Herain, this third HDL will
some“ﬂmedﬁeh%ﬁerre@fmfmié}'hﬂet% Spetitiat, depstiyitobtdant paraeith 322,
piafrably ANE SRS RBIE WD & Whref iU HRALISBH A MRIER this second HDL

temperature at 25C jn an exam Ie of a preferred 35 embodjment of the
is Bt B ShHB Ar BtRer ot Tl ;%’ear%tf’urgt VR ROTE S bR AR

cooling loop for the FT reactor operating at higher temperatures using other working fluids, for

reactor,

example, ethylene glycol, and exchange some or all of its heat into this second HDL. In further
description herein, this third HDL will sometimes be referred to this line as “FT-line”, denoting
its steam part with an “S”, and its water part with a2 “W”,

A third HDL. is at & temperature of water in the electrolyser 410. For example, it can be
in 100-150°C range, preferably in 130-140°C range. The main purpose of this third HDL is to
feed the electrolyser 418 with water and/or steam. This third HDL preferably uses water as a
working fluid. In further description herein, this third HDL will sometimes be referred to this
iine as “E-line”, denoting its steam part with an “S”, and its water part with a2 “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
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16 WO 2006/099573 PCT/US2006/009710 weather' conditions of this
system. The working fluid can be a common refrigerant used at such
ambient temperatures. The primary use of this fourth HDL is for the

Wi 96RaRIg:0f incoming and outgoing materials. In further deserHRURY 609710
herein, this fourth HDL will sometimes be referred to this line as "A-line",

Werdhrs g iE vh pothisantsioith Abeywodieifytifend irarcammanretigerant wag at such
a&@ieﬂsta@f&ﬁaﬁéy atrthe.eperating dﬁﬂiﬁl@%ﬁiﬂf%@t@fﬂﬁﬁiﬁiQiﬁgﬁs%@goaﬂ%l@cﬁming

372 on Fi referab the range of 50 to - tem erature
i P A e oG e e T e, e T T Rees ve
retfmﬂd forthedtingsardlogo!idepeiseiss ﬂ@mngﬂﬁovaﬁrohf o @hé ?é%lﬁﬁl@ﬁl part with an

«idioxide separator. In further description herein, this line will 10 sometimes

be referred s the 'C- Ine enoting its va art wit
qude {éf% }E%ha Cid ::ifergﬂy 4 HiticRaEBaiRe a\‘gall %?&%Oa %eensee é’“f/altgr 372
omideds m@fm@blmlanﬂwasteehéaﬁmat - TR bes iged ysortvestings ipteferred to use

cSIRHGeRRAY s 1BERRrayRistiiutian, Lifgs Balancing Hﬁﬁ@ﬁ@%oohng gases
dlstrlbutlon lines should be balanced, so the incoming energy should

feH8 BBt Sy R FEY. dﬁ?ﬁ&d&é%ﬁeflfézﬂld.é%f’blﬁ‘ft%%‘%?ﬁ%*&%%&?é@&e@ﬁ?é‘m will
scereeirgys for wiaterd &lestinlySidingid drnntiepotsvarotars deiving ‘00 mmessbmid part
wahd.feed pumps. It receives electric energy from numerous gas

expanders dnvmg electric power generators, including expanders 20

conveRifit et eRerg HEieRl htme ﬁ?#&&é’fd&ci‘}?&ﬁf’d’ﬁéﬁ BRI Gpat tat
caebtduad asesciing ibalakceiotehestric energy is delivered by an external
source 210. The RWGS-line is balanced in a preferred manner by a heat

ellverlng energy from the FT reactors. Throughout the system of
the B THUETSIeLb B e g8 ses of heat energy from this line by
convehting:dtgwvapaitioitiguide2Sdnid prdfdaredde mbadimeshitigeckelelingidsld be

%C&Rgg}ﬁb%ﬁ&‘&?m”@ﬂefé?é&&é&?'ﬁ"&ﬂn&?%@@h%é Q{%E?I@%ﬂewy for water

embodlment “the E-line is balanced by heat coming from cooling FT_
elpspkiis A &W@Weﬂ‘%ﬂ%ﬂﬂl’ﬁ‘i‘é AOTHERSHEE b REBE Dy HaHRfdYfigFiectic
elenBrdyoto iheetiemironment Eiisning-collegizvexeess tloesmaleniergytpanders

c&%&%%m &l Pg/ﬁtﬁ:‘?e%é%?ﬁ?&fe%%%\{&f ted 1.6l &%ﬁ?ﬁ% 2 | HGRIHDANYTE The
can be in space heating, especially in cold weather,
balance of electric energy is delivered by an external source 210.

The RW(GS-lne is balanced in a preferred manner by a heat pump delivering energy
from the FT reactors. Throughout the system of the present invention 160, there are uses of heat
energy from this line by converting its vapor to lquid.

In a preferred embodiment, the FT-line is balanced by heat coming from cooling FT
reactors. .

In a preferred embodiment, the E-line is balanced by heat coming from cooling FT
reactors.,

In 2 preferred embodiment, the A-line is balanced by delivering energy to the
environment, This line coliects excess thermal gnergy mot cousumed by the process, or
converted to electricity. The primary use can be in space heating, especially in cold weather, by
converting A-line vapor into liquid. If there is no need in this heat, then it can be dissipated to

the environment using, for example, a conventional heat exchanger.
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converting A-line vapor into liquid. If there is no need in this heat, then it
can be dissipated to the environment using, for example, a conventional
heat exchanger. k7 WO 2006/099573 PCT/US2006/009710 For

wecs R pon"s'Yruc6on; CriBre should be a typical tempegiaf#i€:06/000710
difference between the temperature of the environment - air or water - and

the tERAFEPHARE BITETing, G RAAPG Db MR MBI diffeisssfreveen the
eeRRRevaias M TReMAING pressuiesrn smpratetrdembodinmeatitbe Operating
(bC.-ling(;'tis balatnc_:ed Hysq hggt um rigg@oyggagécesesssfﬁleat 5 and delivering

ﬁ)%n & REfire 1r]?ergy Illhpuat]U nergy mBu? step 500 pre?érably comprises

an elbctricefovee epkadpas. duifglvedt hgbnerdiacripy PRlaaPpYaEegsess heat
anhile taapy typesofipuiclear processes can be used, if a fast 10 breeder

type reactor is not employed, then the plant would need a periodic supply

of nuclear fuel. The system of the present invention 100 need not use

origidalepgxvasts heat of a fission reactor, as other sources of energy to

genergieoleatiici,candarbsamiFosaxample, Meurfficiebeyight?®0 using heat

S stembof the present invegg'ﬁg 100 gtnd thefoug?ut requirement canmpef‘a fast
EHIBEREOY 5 BHRB PR S ar SRS P BUY BISS” o EXARBIE Ry dFBelectric or
biadriel gemeraters jsasoctrenplisedo themgte Plent ragidreddromedpdisxtapnky of noclear
gsource of energy. While not optimal, fossil fuel electric power plants can

be used. Carbon Oxides Conversion 20 Carbon Dioxide Conversjon .

Carb B RE LSRR T SRR T b P & AR i G @ Psion
re860r, A stiwwroimesEig! Srarprefe radnleagsadionrditkice donvessiofiosystemple, the
ARRIDRNSESIRY RGP IR %‘f&%ﬁgﬁgéﬂ% EOOYEI B dneam R ArReR HaXidenet not

into carbon monoxide using hydrogen as a reducing agent. The basic .
PEARYGHIS A STIRWEL 25T 55 TR B E (5 PTRIB S PR B drere 38 2O
wes aChion randdistequdibexmmedafficie nt toccgnvéyhidanzonmiokldéte! fuel electric
p&%%ﬂd@%@x_%é%éﬁ low. For this reason, in the preferred embod.im.ent of

the present invention, excess of incoming gases, both carbon dioxide and

hydrogen, are used to increase the amount of carbon monoxide. 30 The

amouirdbbhyndgeGassenaugh for both (s) conversion to water inside the

reactor andCarbon Dioxide Conversion

Carbon dioxide conversion is preferably run through a RWGS process 360, As shown in
Fig. 8, a preferable carbon dioxide conversion system comprises an RWGS reactor 362 that
comverts incoming carbon dioxide into carbon monoxide using hydrogen as a reducing agent.

 The basic reaction is as follows:
CO,+ Hy & CO+H0 (5}

This is & reversibie reaction, and its equilibrium coefficient to convert carbon dioxide to
carbon monoxide is low. For this reason, in the preferred embodiment of the present invention,
excess of incoming gases, both carbon dioxide and hydrogen, are used to increase the amount of
carbon monaoxide.

The amount of hydrogen is enough for both (3) conversion to water inside the reactor and
(i) up to a desired level of mixture Hx/CO (syngas) to feed the FT reactor 322. In this
embodiment, this ratio Hy/CO 18 around twe, 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 Ho/CO values for feed to the FT reactor are also acceptable.
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(ii) up to a desired level of mixture H2/CO (syngas) to feed the FT reactor

322. In this embodiment, this ratio H2/CO is around two, so the amount of

hydrogen moles is approximately up to three times the number of input
weathenaioside moles. Depending on the FT catalyst used, matlarsbi2é@® 710

values.far.feed to.the ET reactor are also a table. 0 )
e S B s R e e S S
adhiowt oftipeiearterdeRosipraferalshyonsligiidroab e isatcd opepltitg temperature of

tHEORYEKR 138 0T InGOMINGcarROB iexda:Al ASAIRCIBN OPESRURG 360 has a 400°C
temperature of the reactor 362. I%%égxamgle, in one emhodiment, the

ORFRIEE FTECRE 368 RS R AbOE Padivy e MR ARLERC AR pparition of steam.
Intyrek-sthgerRWIGS reseho thwithriatenmadizteasepatatiol of steawl 8 the input of

tkﬁ%ﬁb%xg%ﬁﬂ%@MQX%@%@&M@&%@%@M@M@% %@ﬁﬁ%@@&gﬁﬂé H,/CO ratio
required at the input of the reactor, than mcoml?glﬁi carbon dioxjde

R S PAIRP E AL 2 Ritior St AISH S HZREES PAtE P8R o8 Suth b fePraated 2
2 gevpilingdbGh ThisawiditionatearhiountsbbearbdfigidxiBesisdhtionpiovitiddsyarbon

dRIREYEIIRG looR.efthis reaciar@ssembh-as:shawm i Kid, 8nddY¥S te cquilibrium

additional supply of carbon dioxide is not consumed in the reactor, buf
C RS AT SR C Y e e iR P T e SRR AL T 48 Rssiple: The
tvoosuphete conviessidio:addHdsicanminl) carbgnidiprideaspessiblecdientdaral gas

R TP LEGAIAE digxide %Tﬁ%%ﬁ%ei’;‘/ Al amieoveiad) Sanhemixedina rwos

_conventional gas” mixer 366 or fed using separate, appropriately designed
9% es or distributors into the RWGS reactor. The amount of carbon
dioxiddnsthemedyeleinoficdepandscancthie: &mp dapaokihydrigemdbt feit;drogen

20, (0F ARELAUNGICTIRGLAIE of Ui BW@SSIE@&%H?%ﬂ%n&OQet%ﬂHQ%?k?rialljf

of serially connected reactors with separation of steam between them.
C?BWéWHM%rYV%@e%%P%%Wé%%HﬁB’@%%; SY Tt TRV YT St 1ower
resaHesuificre isia suhstantaly inegesamaunt ofscorhomigioxige amthet of carbon
HEHEG ﬁQP@CaQQ WS A o Q%Sfa?‘%{%”%&%%@gfeh%’ﬁ%% 'e%%%r QUL PLas in

gas in the regycle Igop s that there are lesserelectric ahd heat losses
thseEqudetdIvraititdit gasre2ereitetifatipACEd BephratisisFheedsth it ShEapn gas
ciehiled WHESpeatinr 362 goes first through a steam condensation

sectiqn 368, and then fhiusyacarhon g@‘i%%ssﬁﬁﬂﬁ‘xtgr B2l densation
embodiment. the steam condensation sectioh can inc U(]ng a condenser

SqRHioEL 2R ABth i) EBNBETet BIPALFOEKRS UERIEIY. 5The Bopiietafifgterthe steam

ciapdhn sepamioisedicanlaiachhackdn thenelostyahrareSepanaieta® drum.
arbon dioxide is delivered to the input ixer 366. A direct qutput of

BRI GO oty b by B Ly R YRR S

cappitohivHatah/dalveeddficha ypaheapaniy A96. F2 direct output of the carbon dioxide

separator 372 is syngas with a Hy/CO ratio approximately as beneficially required by the FT
reactor 322 for efficient conversion and, residual carbon dioxide, if any.

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

Operating prossure 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 Temperatore and Pressure) of 1,500 —
15,000, preferably 3,000-8,000.

Steam is preferably separated at or near ambient temperatwe, which Jeads to high

separation ratioc.
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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

wehangingdisnctionality of this apparatus. 30 Operating presseie/ s th&/009710
reactors can be in the range of 4-30 bar, 20-25 bar is preferred

GH SRS BB BRI i B e R i87 BF STah A& Ao ramipra e iona! and
ciPressuee)oaf. 1,500 et R0ppreferallytin@00:8;00: Stdam i preferaliiyorption
t rne ie er whieh | i ati a8

P D R T R e SRl AN BB 190
PLBREHE framP B eCtuL e e STRPRRHE F B ARt rRassiRly Quriarering the
tem@aiaadg,. ahb aaem@rgtlpmgemlemrrmﬂa@dmmhaﬁ&agvarﬂetyo@ﬁAmin;e@: only 15-
38P3TleN. 8%%&%%% Qgsglégﬂmﬁec Anate PrOCeRSEn R %%&%&%é, Jmol, for

absorption, adsorption, gas permeation, among others. Additionally,
SxERBGetic’Séparatiois’pd88ibte 5 f8Rering the 5 temperature, and

INCreRBHgIREERSuHiaUBFeEARRI Qpliate- PEICASS g et ittnsy sBsarthRimes, or
0nly 15- 35% of,car loxid y be left.in the syngas,.as a ratio to, .
R e S e e SIS B AR Bipccon o
caspesglipsidyereidikely o shitlea eryapiicdosgr sl hietitardaep rdcaatiedia gptiream
paSeRYANCHBIME S0 hHAMRAPNASE:BNES Shith askil Zdbanisolledifseezinge FT

one),.can be used for further.reduction of 10 carbon.dioxide content.

e S S e S S R R ooy
Fgtbrie soms, Brtlisstaropesstrerraiitalpcmasemially ufsa eroaptai s sprstatiiigusraction
wCoptiRNS el osuhassenvale aRUdhen Fasener 535 &f Kmilkh®sorption o
Jelned back.o the nputof (his,subpssemily Further soms of (ngse, cc

procesSEEEar be TEed Cequentiafy, for eXamplé, Gryogenic Nigueraction
cahgeparatedthemiajornd b cadsshicioridd sfolowediaeRitnerORE ¢ thoroughly
rARNEE abserRliaN IR 1,6Qndilion S0easdaR.ARSHedicar BORaXde leueles.

in 3-10% level me sure,g in mglémol versus carbon r%onoxi%e. I?fro

the cHSHERRBE 6 aEP A A S AT THROISIRUSE BEHbIbhIY
a tevovesh U Sorpionhyps deye rserfiase seas echastoormmmonlyopratiticestineactor,
afd YQGENIG EQERSSES: ARGk Rreifiaklgcatken dioxide conversion

wn in Fig. 9, and comprises  a three-stage RWG S

system is h8 ] ( S. A _

oW S TSR B L Bt TSP A Ghe OB gt SRR gapyde and
theGland there arearvenlioiite separetor.at the end of the process. The

RWGS sractiondsdeak pdhe disgeion.oflarmationaficathanmanaxidesesent

_and, therefore requires removal of at least one reactant,
invention 100 can use a three-stage BWGS reactor in conjunction with (1) steam removal on the

Qt of .
ar COmpi‘iSﬁS

output of each stage and (ii) increased molar concentration on the input.

First, the hydrogen molar concentration is increased to the extent that the resulting
syngas will have up to the right ratio Hp/CO for the upstream Fischer-Tropsch reactor 322, In
one example, this ratio is two or more.

To satisfy the RWGS reaction, the first RWGS reactor 382 in this embodiment is fed
with a molar ratio of 3:1 in relation to input carbon dioxide 384 molar content. One mole is
used to reduce carbon dioxide to carbon moneoxide, and two moles are left for effluent syngas,

Next, the carbon dioxide input is increased to the first RWGS reactor 382 by creating a
recyeling 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 carbor dioxide to
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In order to achieve as close to 100% conversion as possible, the system

of the present invention 100 can use a three-stage RWGS reactor in

conjunction with (i) steam removal on the 25 output of each stage and (ii)
wihemeases molar concentration on the input. First, the hydrogen/mebas 09710

concentration is increased to the extent gﬁ Igge resultlr},g2 %3 will have

T HERATS HOEOTRING thatan FIedREroRoREcH fordap $35° vt

thirccomeie@raplessnsdatibis Bwo or more. To satisfy the RWGS reaction,
the f*fﬁE RGP gﬁgtp&%ggl éf&ﬁm%@m Q@dﬁﬁﬁe@tﬂﬁé@%3&\&{{{*}&%1%1%@8&@%

of 3:1 in relation to input carbon dioxide 382 molar content. One mole
digeidy tePrsRiife éaf%gﬁﬁ?&&ﬁ@%%?%ﬁﬁ%w%maﬁwgl}% e%ﬁ%lPé raﬁfﬂst
RipGeffiaernt $§hgad. iNelinthe, cashon diskitdedsnputisineedsediioxtbe dirstersion

m%}’é’g@oﬁﬁ%ﬁ%@%&é{r %rs%atllﬁgﬁrH&P}ﬁHH&H%a@%@J&QH %&H&p‘zﬁe 8fersion

circu atlng it without conversion. ApprOX|mate one more mole needs to

a0 g S AR ERT TR OHY Pooabea e TIs &6t SMsi"cMbon dioxide to 20
WO 2066089343 RGIANLS 20064008F kid@ncfeatefiecapproxintatebe IOV GS

ref 0V 363! %&%SJ‘E‘B%BQN %%a@sa@&%ﬁﬁ ?&o%%%uﬁ@éc'é}kﬁﬁr@&Yﬁ@%ﬂ%@rsm in the

constructlon aso%resen he carbon dioxide conversion system
thii By Sranesy “ste’“a%ﬁ%?ﬁ%oéﬁ& By BRfeshoRmeved s SaBFrEoRirete of the
theteRM GE PR At B emaesisieamdremieffiggnt gas of the first 5

RWGS 885101382, 0d by 0110:0, o768 SANATINS IQCORYALE rocror 394,

carbon loxide conversion In the second RWGS reactor 388. As carbon
Onibponiog Ao 1B HGTeEstRIEBRVERSISIT! PatesBrdid Sdetig and carbon
diegaetorn 888 witthedssrualias thpndibe finsl reagiondB94 arcpncts@amycling line
Sssl)eparat r 3?2 Jemoves §§%%v”hﬁ%£@ 17%ﬁg‘lue cglad'smof &hgsaecond RWGS

reactor §)§ éaby oing so, creates conditions to continue carbon

dlox@@wﬁ?’@é@ﬁﬁﬁlﬁﬁﬂ?@eﬁmﬁw RVBEsRa T BHASSAR & fphupstrean (o the

rmenaXiderbasdaaiheandenavesh thesanversion.ate efidke third reactor
394 will be smaller than the second reactor 388. A third steam separator

392 is positioned on the output of the third RWGS reactor 394. On the
output of this sepBMifor, Reifieierst gas contains syngas of a desired CO/H2

ratio androRthoRciexidRd This, (Harherydiaxides srRpaiedHSINg6B can operate

tor 396, and placed |n rec cI|n line 15 mbine i agas
ef?lcﬁe@ﬁ Wit m%eormﬁ%go Srbon %u§§4 Wsyné(gé;%on alnsgsm Pm&md

crapadimmof mr@g@thnm@bégsarWM&m pétlearndis thedyF Tokasmtovintthey.
othemnadgitional Rydrraemiranelaciralyser Ali0pnitRec-addad RWESR:s to reduce
ow%re Cstigg of the assembly. A GHSV-STP of 1,500-15,000, preferably 5,000-8,000 is used.
The reaction is endothermic and requires external heat. In a preferred embodiment, the
gystem of the present invention 100 uses an isothermal operation (being within plus or minus
10% of the ideal operating temperature as measured in °K), with external heat delivered info a
reaction zone from an external source. One example of an overall heat delivery system 810 is
illustrated in Fig. 10. Phase conversion of a working fluid is used to deliver heat at or near
isothermally, specifically the RWGS-line. RWGS-line vapors are delivered to condenser coil
812. Vapors condense and release condensation heat, while maintaining phase conversion

temperatire.  The residual working fluid is released into the liquid part of the RWGS-line.

Releasad heat is consumed by reacting gases inside the reactor through a heat exchange process.
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35

20 The RWGS reactors used in the present system of the present

invention 100 can operate efficiently at a number of operating

temperatures, while 400C is used in a preferred embodiment. An
wexanplanrsatalyst is KATALCO 71-5 produced by Johnsoreligtibgigereos71o

Operating pressures can be in tshe ﬁn%egof Ab-SO b r%hwith reference fotrr “

high&F VERMILE (T EHTEL SVaraitsiZe  of thefad BBy A B SFg T gpetruction.
altbB@b-1hb oM reterab ke &1060®, bOErisligsetlRFiFhayduptionvigt iesser amounts
oL RIS AN LegLires OX8nak heaknadeiaret.smbedinent, the

system of the %esent invention 100 uses an isothermal operation (bein

it RO Y RRESSETE0% GRS 410D GRIARIS SETAPEARTE B A mrare o

carbdg) divitideexié rabdreaboleliveréthentoaureastion ormstrd thrargle xter nab, or all
W h Ekgfgé?é@@%{ak%Q%GEQHO‘H%?EQ{%JQ{FJM@{?L%H&%QE Hustratedie. w

in Fig. 10. Phase conversion of a working fluid is used to deliver heat at or
thiserara osi Bty Teh BUACRI T RIS BB RIRES- RES) SppTiigheet pure
caleliveieddo condensenicailaBiReY apotscontidnsesand Mdleasierence will be in
roEROLRRAON AL W ARG, ROASE SR ' Sl AIRRBLANYIE TS rule
residual working fluid is released into the liquid part of the RWGS-line.
VR CHERER At R CSh AT e BBy PRt NG dEY s B traTssibtorthris gRismre-
Uhkahexchange proaassodde Y 00 6/@09963R2EH S 2006/Q09710
Preferably the reactor~" 352, 388, 394 of Fig. 9 are of the same general
construction, although the second and third reactors can be smaller as the
first, as they convuieTatiEesarkathits THeadpdehisSffe into carbon
MonNexidissaReLHreadss simale i epdivm e gas ity ien HsuBWESBWGS process
bassembly can process not only pure c ioxide hut alse a mixtur.
S BB IS M BB
chEfBUGR Bieoniro srratiusiter SeHRN BORFEECP RIS OB BEfction of
ratio ef:carRensnercxigeimsarbor diaxide. de thiscfaticcis sSnablarcHianthis will

adatio.op the altput of the first reactor under condition of pure ‘;aorfb%?ben dipxide
|0X|8e coﬂversmn,%?\en al Igf?}ree reactors will bé used.n'lghe lc'ﬁlference Wlf

ingheirpcre HUE Bk afh BlaiuaRy efr b el pequirstdor fedefe €t affount of carbon
dioxid@dilBg.sane rtedewillbdeiaiminadl twe QLenly Rentgactarshaissible to

o auiied for processing of this, 'ex%té: IS anmrnately, ihonly catbon onfy, one with a

monoxide 15 Supplied, then no reactors are required. lternatives 2"Carbon
suffieiciei @y of sSkPeA digida Lisutktivar san ek U Eorversion & presfarabpproon
ditmthrough an RWGS process 15 360. There are a number of

modifications to this RWGS %rocess h?%l%will not E%ignifiglantlly change the .
outcatie*-thB BYBHURIEH BF CA B BB o AP OnEmE O Sngas. £ora "
inexasnplectiwitahopiiraturibofraditionin thé realstopsseih:be retiuedel: Fihignt of

ciwulating carbon dioxide by using more than three reactors in series at the same temperature.
The reaction heat does not have to be delivered isothermally, but rather can be provided
through heat exchange with any hot-side fiuid of appropriate temperature, flow rate, among
other parameters.
Other processes are known to convert carbon dioxide into carbon monoxide, and such

processes can be used in the present system of the present invention 106.

Carbon Monoxide Conversion
Carbon monoxide conversion is preferably run through an FT reactor process 328, The

reactor assembly is shown in Fig. 11. The operation of an FT reactor 322 is as follows:
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decrease the equilibrium constant, and will thus cause an increase in

amount of carbon dioxide in the recycling line, or the number of reactors

connected in series, or both. 20 Additionally, the temperature of reaction
Wmdmémrﬁased and then it can be possible to reduce theowmbsiafos71o

reactors |n dﬁ—%%g |m ent from three, to two or onlgl one with a

sufficient a ditkitle circulation to provide 10 8 conversion

of in¢ontityg ﬂh‘arbﬁfﬁwdlodﬂdﬁc ItarsnBidble powsiblddo Wdaceaddhguriiydfoger or for
pdVIK0RRHaS 8o HIS RIREES WNGONRINIIL. AR HORSEM LA RA ouns

dioxide in the rec;i(c ing loop. It is also possible to reduce the amount of
PTERRh R G RS ARSI &R sty GRS tife VB D& Sh g laind the
ofhetRameeternperaitreurd had eactidocheat toesiniofl have to be delivered

isothgrmally. RUL ANSLARLDE PQQ%B%?&&“[Qéﬁ%gc'?b‘?%ﬁ:@éﬂ?&%@?a"&%a%miyst

hot-side fluid of appropriate temperature, flow rate, among other
ﬂtp?a%%ﬁre%@fe@@ﬁn%Fﬁmﬁe%gcaﬁ@%dvvﬁ%oﬂ%hvw%@&?%m@mw the
proaibis pfanaxide: anghsliob apd dessisks] cambppisethitctherpresent spstem

of the, IgSeNL| ﬁ‘e"ﬁ&%rbﬁxo 2 ?%QnMR{}’%QE GapMars| 9198%%[1?89 for, eample

monoxide conver5|on IS era y run through an F T react rocess 3
S @@%&c‘&aﬁlﬁ%@éﬁﬁ&i&%%@é\m% i gasehing st atiinob paprqsimately 4:1.
SJﬂb@l@t’ﬁﬁ@%&g&ﬁ&aﬁ@bWﬁ;ﬁ&eW@nﬂﬁﬁlﬁﬁ%Q&?&BﬁIﬁHﬁéﬁ@&ﬁ{@Q&Hés@l rano from
ZI\f“h ::iﬁ ché%llﬁtléz Qf S?QSQ%SQEBS %ﬁé C%"!;sg dn%@z?tggnal\rll% béea 1n0 the

OI’ elt er a rogen or 1or pO erlza on. ere are numerou
Eegwaﬁgﬁteaa%kvg@ﬁafétﬂiwa mﬁwrﬁewﬁq potsraso ot uesd) hydrocarbons that
is Fsher- Teopsshiieattomasd famatiorof thetynaofatalyst seghanst higher

the 35'”»9 erature, pressure, and gas velocity in the reactor. In
temﬁvra ur$ 6 § P
e pre éfred Iment, as an example, the reactor operates with a

Cobaht ea@awﬁwamz@@ Ealprodiict & asaix Bithyifddatbaris whick after?0°C

opépaﬁad tegeadsorimaivo shappeasiiaionof sumidurersd gaselise anch. The

diesel fu |n an a roximate Erocp%rtlon of 1 Q ogher mplemgntaﬂong
CCﬁ}]VBISlOIl ) OX10e {0 ons 18 10 0 ICSse Ci]bc ?m%e %1 the range
resen |nven on, a hl emperatu es or examp

Owgsg@mﬁfbgﬁémﬁ@qué%ced in gasoline to diesel ratio of

appr@xmazt%é&el mmwgorﬁomaagc@p%atigau@d dilfesentiemparatiiesned for
; [Pt can a gollne to edsiel r%tlo from ciL é) 4:1. The productlon
urt

cﬁraceselﬁ‘uefl VPR BreBE R RV SR eI 8s Kafliskig fhrar sases (carbon
ImiEwHieT st dypregmsure Hidpressideneeitpne gefas ol Thaxampight ofaversion of

SJ@MU?&WQE@%@Q% %{fersion, more than one FT reactor can be used in series with
removal of steam and certain hydrocarbon gases in between the reactors. In an example of a
preferred embodiment, a two-stage 1 reactor is used to achieve higher conversion efficiency.

On the output of the reactor 322, steam is separated from the effluent gas by a steam
separator 324, then gaseous hydrocarbons with carbon numbers Cs-Cg by a separator 326, and
finally gaseous hydrocarbons with carbon numbers C3-Cy by a separator 328, These separation
processes can be combined as a function of composition of gas mixtures before separation. The
residual gas contains mainly natural gas compounds, methane Cily and ethane ChElg, and
residnal syngas gases carbon monoxide and hydrogen, and various amount of not separated
carbon dioxide and Cz and Cy compounds.

In a preferred embodiment, a majority of the syngas is returned fo the input of the FT
reactor 322 via a recycle line, thereby improving conversion efficiency of incoming syngas into

hydrocarbon fuels. This can be accompiished in part by using a controliable throttle or valve
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is difficult to convert into desired liquid fuels varies, and generally is higher

at higher 15 temperature and lower at low temperature. In. one

embodiment, a Cobalt catalyst is used, with a H2/CO ratio of 2.15, a 220C
wopenatingrtemperature, a pressure of approximately 20 bar, Erous2006/609710

PQf,l.5 e conve SI of carhon monoxi P
ST TS U5 PEAE PrecUbF ol AN I ahge By Teone
ofrapemidiGH S fedinB0 o 18, 600] mmhelﬁmr@a@toﬂ@zmqﬁ@ ¢rpbodiment, a
cag%@h%%eﬁa&%&é aWihdygrRcatansd %@E%rﬂﬁ@iﬂ;@g ot b RroLRS BiRgile is

gaseous hydrocarbons mixed with steam a ases arb n
MR PGB HHE BHESERESSPTBNE 43 e s T R wsea o

thineamplepeseonversion of syngas. For more complete conversion, more

than 8 %Qs EdniRaniar:6a nntiﬁe 9%9119@%%%%&%:5@&&%' r9£t§ﬁqgé%ﬁ{}gzaturp and

certain hydrocarbon gases in between the reactars. In_.an example of a 25
P RRSr R APETBGaTERIn B HvB- Ga fET Assetbiss ile YBEAR e R Rt @ &2

moen$éésoniaffiiciencyas @ixthd8éutput of the reactor 322, steam is
Sepaﬂ%&@ﬂﬂ&?@&?& &ffluent 9as.0y% 8 SIea-SeRAAAAS s NIRD GAR8AY Sarbon

hydrocarbons with carbon numbers C5-C6 by a separator 326, and finally
D HRREGUSTRRISEsisolhe ﬁﬁﬁ?%’a%&ﬂ%ﬁﬁ%ﬁ%&é"&‘@& BY%4 §Bf>&‘r%?f“8p§‘2§mm the
elddnebesefidy atiomipraces sescandaerdimhine dibgiafunctiaiial on the input from

ﬂz%%i@&%%%&%% %ﬁa&]&é&* (55 RAfIeSeRAANOMN T e BY reRidy §59 A%, a preferred

contains mainly natural gas compounds methane Cl-14 and ethane
enebofigea @l?ég(&%’f%@ §3§‘§’£§é’§ é&Po‘Bﬂf?ﬁB%flﬁﬁQYé??ﬂ“ﬁ?’d ?oag’@r? “And

variousnpaid @k Gh nidt sepatatedacaebtxd diexideuand-gE3eano: GAproduce electric

Q%ppounds In a preferred embodiment, a majority of the syngas is

returned to the input of the FT reactor 322 via a recycle line, thereby

improYiadg ESHeETn A8 i FEREsE o & orTiAY g%}ﬁ@%&elfﬁﬂﬂaé%lmaﬁf&%ﬁeﬂcw
ddugls. Jihisucandpgiac compplished in parabyutising a cankralakiledhrotle-orcarbon
valve 23 WO 2006/?99573 PCT/U%;%OP/OOQ?%V% %32 %%,«E% fgl%tg:n 340 is

MONOX1 OI'W TS101 S W EL lﬁ
instaffed in the rec |ng luent gas, and allows venting orfarlng

illgpteeisrtionrBf s SETTe reRAR o el LBl &HD RSFBPIbN S eSS prete fsdRWGS
submboehent sameQalsating Haragee IniSio e amel sk @fertaauf@é @RSirst FT reactor

sgompounds before the venk, Jhe throttie 1e, ppe Justenoudn { 3 K rgéﬁt]'& The
is amount at a prede rmlne8‘1ev 6; er gases can pe use

u@amér@érﬁw%SAsg%@edﬁﬁm@he@ﬁ@sa it PHEer feglinkp iIR&VERN Hecprtlvidey all
hﬁ&&ﬁ%ﬁhﬁo@&@e{@%&r@ﬁ%xm%%ﬁe@é ha-B)yRGaSHEORIAEH I @iBRure and

p1?s\%r8 éiéerslilsl)ge f gtgcaxg %Q}garaﬂl)? gggn bﬂ" ?sdpl%ta rge%st a% %g’;?ztta%{ogmylamblent

temperature, but other temperatures can be used as well. It is possible that some hydrocarbon
gases will be separated along with water. The residual water and hydrocarhons then may be
separated as commonly practiced, for example by distitlation or gravimetrically.

The residual syngas with some amount of hydrocarbon gases and residual carbon
dioxide are fed intc a second FT reactor 344. A certain amount of liquid hydrocarbons is
produced and drained 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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Instead of syngas, the FT reactor 322 can be fed by an external source of

waste carbon 10 monoxide (from outside the system of the present

invention 100) and hydrogen from the electrolyser 410, or a mixture of
wihass/g2ses and syngas. Hydrogen is added on the input fre@w/tls@oos409710

electrolyser 410 to requlate the H2/CO ratio reguired by the ET reactor
G o o0 SrebotouRy o T il TAets b JETERE ano s
sepforershilcifiaally: e tRsare R &rith 2-punyess el ihes Sipmth e appisrattrs Canmeans
hyREofREb IO DH e RGE DRERIO LD R HeRealect e orRenved 1ihi8 & frained, and

assembly can be replaced by a variety of conventional Fischer-Tropsch
e R e R B e G R
segfesiziiledfpreferred carbon monoxide conversion system is shown in Fig.

12. Arworsiags Rlsteastal sistemp.34Q isqdllustrated «J harnaresdpialel 334 of

reactors 342, 344 in this assembly. Syngas, from the RWGS 20,
SRk BB AhotRroF NS0 foidne Heurel teeiffes
scprettddifirstiFTieaaotbmi3dR: & fertammatndiritlofdiquid ydrecaatsas/ire most

of¥RaucRthanddraingsifiam thenreastpl-The stncROVE et SHNGASIEAR in an
residual carbon dioxide from the RWGS assembly, and all h drocarb%?gs

IEFEHLREA N the PERCEBIONNS il ire D ASEBTLSE kLS PteRpratbiaseses
loarempeessurtkamdedemhior asbenticceparan B4t s prefeited toarrakeCs and

CSERALRLBRALAMRIER S IR B IS H DML RIS TRRPSLAUESS KALDE separated

used as well. It is possible that some hydrocarbon qr?ses will be

R S SN PRI &RPET B SEIBR R RS SR R dPolsr BBHS Shép BWGS
asmayiye Béparatedas compmentyopracticess fen@xanplbdnpatistiliaidonrorted to a
cHavimetigaliy:iheesidual syogasmith. sQme amaiHal Rk INHEOGARON syngas

~gases and residual carbon dioxide are fed into a second FT reactor 344,
is KRS RRA BRI SHAR R RS b BIE 1ee o B CB G ah A RS B Rsed:
ittha! reactionnidiesmaianyartadd wngas tiste anty esigtialgCavbofrdioxid e frgmngas in

ﬂa@%@ﬂ%ﬁo@ﬁ %%911.'8@/ sﬁﬁ@e@é&?%q@&%%%gﬁ %4 QQH&?Q&H cgp %%&%&E&Q@}n gas as

are gaseous at the reaction temperature and pressure are fed into a
PISASETH %féﬁﬁ}‘éit&?‘%jg.lﬁ %ﬁ?&é‘ﬂf@&‘@ ke ﬁﬁr%‘ﬁ?&f’?eé%%ﬁw phdpunt of syngas
intesparatksreabbt atbenternpetatulies camtieraiked as well. At this position

in the pracess.ruch smaller amounts ol 8yngas,pie IGILEANLANE @2 syngas

output of FT teactor 342, and therefore the partial pressure of
CHYETHER RGN e &5 IcEA ARSI DY RAFERS§t6 O gYtsTe3e more desirable spectrum of

PGt BROCAIBORT 1@ prmibesChrinekhighteislergendandiseynwil like 340°C.
S %%9%5&? Along with a&%%%t'gﬁ%g?@%@g %56?3t%%%riﬁtroéiéé‘ién%ﬁ%iﬁons to
rocarbon with n-number of carbon atoms per molecule. Cn+ means
gD CEFROREIIRT AIBRUITOrEY CERTE PR SRS YRR it S et e wenngsina ey fuels
afiguigotadiiginedeaa6k amounts of gasoline, jet fuel, diesel fuel, and the like.

FT Reactors
The reaction is highly exothermic and requires substantial heat removal as the output of
the reactor is highly temperature dependent. In a preferred embodiment, phase conversion of
water into sieam in the FT-line is used to remove this heat, as illustrated in Fig, 13. This leads
to near isothermal operation of the reactor, and therefore consistent output, as the output of

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

Alterpatives - Carbon Monoxide Conversion
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water is separated by many common processes, like distillation or

gravimetrically in a water 5 separator 352. The residual gases from the

separator 348 are fed to another separator 354 of hydrocarbons,
whclMdingepes with carbon numbers C3 and C4. They can hg-¢anrdaRsR% 10

and separated from this residual mixture at, for example, 20-50 bar, and

at telAPEPAIRESHHfIe B SraURhcermpbEisdS PR BB h $ERFeThigt. There
ate mMpeaturestiepandsonamaurt ghkathergasesinaniseffiuerdugas.e, ie. the
g ihe ez%aé}‘o%%r@}snacﬁe 19840 comparison with volumg Of SERATAIEANIE e

gases, low 3mpera?ure‘1| one used forcarbon éIOXI e séparation can
cqyeppsEen Tibapisdedniy@®ehd C. hydrocarbons can be separated but

also garbenliexide hhesmensehcandiacasily.sepaiaieshdomigaah o 350°C.

other by pressure chan d carbon dioxide recycled to the.input of the
VRHES LBy TETTENE RORE BT BORHCAT o1 e i o s
wibsithyan canben dioxiddharsmfagsoa 5tieopedicibrradiisfi3 32 iifpr taypeptures,
lighis-ig/igbcienuiiRsidmeenditenscthe ABaUaa{RyNgasois spestatializing

smaller than ot ases, and therefore whatever amount of mixture i
ARt A BRI B BB B BorA R A O 1 oo
whidly alingjitojs. Pateden 68 dfesyieydrydrrareorscyidlingy loophas giecsame 14% of

z18fient eusnpletian.of conversion of the incoming syngas as presence of
carbon dioxide in the recyclin Ioogﬁof theé%NGS subassemb
K

ly. Amount _ .
of sy RS L SOS TR TR0 LA o APBE e ab S AT S A T B Sy Faotne
whieotlrepratieyredt eprisodiments; Moteseaciars:varebe Usedtorimcieasad other

c&%o?ﬁéﬂﬂ%?fe@%}é@{zﬁd@ﬁ‘c@é@aﬁ‘é%@ I%WAUQB%H%Q&%F ating paramgters, to
create a more_desirable spectrum of produced hydrocarbons, like one at

low teRTIERPERIFEPIRE NG SHothaIPDARMISKEIUBES '&JR48 RalTHEaness
inchpected ichaifferasitcaniounts toreaetors operatisg omoertdiffersenies and operating
2RPdiiRNS E@&M@%@Lﬁ&%@&%ﬁﬁg@,%@mﬁé&%era@%@mné A WHkre can

in its turn affect composition of fuels after upgrading, I.e. relative amounts

PP, TEEHERTES 81 TorsTOkind thEPRRS E F REATTO S FHBS BRI
highlekatingrmwandasguises sulsiantah heatrenicvalppstheioutpisnof0¢ can
ARRHeRcianSRighivamaerarig denendept, in g preferred
embodiment, phase conversion of watér into steam in the FT-line is used
to remove this heat, as illustrated in Fig. 13. This leads to near isothermal
operatigrratithef@heiergand therefore consistent output, as the output of

produgts fram (s LeagHRL IS gDy, ASREN ST AR JLMRSIANTE 8Eseen input step

example 'within 10C. 35 Alternatives - Carbon Monoxide Conversion 25
4%@@@@@@@9@‘7@9&%6@6%@7%@“ 300 of the carbon oxides to fuel F. An

electrolyser is the preferred device to provide the hydrogen.

A portion of an embodiment of slectrolyser 416 is shown in Fig. 14, It is preferred to
use bipolar electrodes 412 for a high voltage and lower currsnt stack of electolyiic cells.
Blectric current 414 flows through the surface of all bipolar electrodes into electrolyte 416,
which causes electrolysis of water in each cell.

Each cell can be divided by a gas diaphragm 418, Hydrogen and oxygen are released on
opposite sides of each bipolar electrode, collected in the space between electrode and
diaphragm, and vented out for uses in the system of the present invention 100.

In a preferred embodiment, an electrolyser design with a high current demsity, for
example 5-20 kA/m®, is used. In comparison with low current demsities, for example, 1-3

kA/m®, such an increase leads to much smaller size, weight, and cost electrolysers. But there is
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Carbon"mon™oxide' conver's'ion may be accomplished through an FT
process 320. There are number of modifications to this FT process that
will not change the outcome, i.e. the production of hydrocarbon

wepmRasasts out of syngas, but may significantly change thepegmpasiian7ie
of the products produced.” 5 For example, the temgerature of the reactor

a Wfrga R anE Nalshey 6F TR0 E H386eS TR ARE IR R yiFEe Sicaltage
orcéitalysid eddypesiprdssitsenresidiencel tim elmhdwatocityneits pirgasly sam| use the

foﬂgﬁ]{ggc\gggm&egﬁe Jﬂﬁxé:gﬁ%f}&?&'@” of the products produced. At
9 ;

igher temperatures, lighter ydrocparbon compositions are produced. In
one exdmpheering (enaoeEnd Lilitnand Raleiatngroitdi/ Sty 9oicaidprEcases
output inclydessampesiionsyiibcaatbomauemhesCaGuon dlwhiebrolyte;

gasoline is based, 6% heavier hydrocarbons, 8% hydrocarbon gases,.and .
256 of A P RS d e e P AL e e L HERE A g
operate at gifferabat réadretisiabératliremhiereguiaaig Swatsr tentseietigrevater
and pressurgiithefr Inling r@ReiRsessure in the FT reactors and other
components affect separation of steam and hydrocarbon .15 The

type of Eat&i§SFEHARE e%o%gﬁ‘ls 65?%%”8 éenlgé F’d{ﬁﬁnﬁtr‘?%ggg%}ﬁe“f%lgm’ and
match chaMgegambeperatirig-charactehsticsiclavelpr hyore rfatitphsaganoipgerials
used connggted i ﬁﬁﬂ&%@%ﬂ@@‘é@&%@?t the same or different

temperatures, catalysts, and other operating conditions. Also, there can
be tvibdRATERE JArAT Gt s i tERIDIRT A1 PETRABG i thfterary gpliage o
schamevEasiditénanithisnehna denstsadtionpaiplahtibuiit withesy stenhofttreutral

pdLETA i%ﬂ%&?%%9%&%@dﬁgnafe_em%ogiﬁ%mg%i@glmsheéengagﬁeaveff this

many years of operation. Generation of Hydrogen The present system of
pefatigtasl Seiloventiben 2od farm ar oribrreEe it drdJeRshpuT Ydropbps will be

rept@¢ttling hydrogen to drive the conversion 300 of the carbon oxides to

fuel 'fzs'z?‘crt‘ioﬁ%%é%ct%g%sc%ﬁésog}%ﬂr?JS-%%‘?%e%‘é‘i c6d Bﬁ%\élg%aﬁ?ﬁa‘%%%%%%% two

A portion of an embodiment ectrolyser 410 Is shown in Fig. 14. Itis
whyefeited fdiisedipatdiwidetbauSBAD FOREHIES VBRALECRAE DTS ool or &
catbreniostack afelectiahdicuellhoikdectic gusreniid 14 fawsibradghrihe density,
oFRSE A AL RRRRRISEIRIRR I QIS 440 RINED SRS hers.

electro ysis of water in each cell. ch'cell can"be dﬁ’/lded by a gas

diaptiragien 1 Bighyaregedeant olygelvare lerdadeorr epistErEsiaghcopyerll
pleacibipdakelashasiercollesiediinthe-spacahetmesn electrode and
dlaphlfgg g?éc%?cgﬂvfe Qgeo gzu t J%Etlfﬁgsse{nfgg%ssizy g’}t\%rtl{] 9 fdteq}i:"c sr Ss‘?c”{ble%"ﬁe!‘xg%n Ina

100. Inapre effed embodiment. an electro yses dé&sign with a high current
pigémsidefbpdiment, Fig, 15 iliustrates the use of several rectifiers connected in series, each
fed from phase shifting transformers. This circuit design Jeads to a high efficiency rectifier that
converfs AC (alternating current) voltage in the first EDL to DC (direct curvent) - required for
operation of electrolysers.

The high voltage stack of the slectrolyser can be divided into several stacks working in
parallel for convenience of construction, maintenance, and safety. The same can be done with
the rectifier. Semiconductor rectifiers can be paralleled to carry higher current, or each of such
parallel rectifiers can be connected to a separate electrolyser stack. The same can be done with
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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example 5-20 kA/m’, is used. In comparison with low current densities, for
example, 1-3 35 kA/m2, such an increase leads to much smaller size,
weight, and cost electrolysers. But there is 26 WO 2006/099573

woGldsAn2096/009710 a'different e nergy efficiency atsuch'as-ifgteasgmhorio
current density due to much larger overvoltage on electrodes and

celb§iatkreciise e ihothel ¢ IytEh e e P ERR S EIBE trelipssrat fge clectric
pdher m&wim.ﬁ%a%%mma@mmﬁfaﬁ@g@%ﬂeteﬁ: E}r) Operating :
temperatyre is and potentially u which decreases .
ovon AN s TS A Setbde g b ok et SR R pase it
basteer oljeecsao he atig pras agveliy 13GherrdiessfceomBonbartioeeebreagiectrical
diy@ﬂum@nofrﬁgﬁlaaﬁgpﬁ,a@@ﬁmﬁalei&@g%ﬂqiﬁ&é?r@mﬁg@ms@@@Qymvétyetaagower
to decrease r vaporization and. its recycling; (r) Concenptration ..
R R oy AE AR A, R By bR 16 1 e Gl
tybebheédn plestrodegesamntbe made smaller by use of diaphragm materials
for terpesapieainialsd SGaaNas. fhis passible e achiexg.cellvpltagt.: 432
around its thermoneutral (isothermal voIE% e at, so eﬂleveé,of %g'h
CORTRPERY P RS Y IR ARt A D BB SreR R She HlY, TS B8t ohEeipg oV
ongotamtiahiscreached atidethenplad difon alccodling: anbidatimgrohbediswiillibg  Phase
of GEER Gy IESRIS IR RAteiakwil Redowes thengddilionalhgatwilldeinding over

required, and if higher - then cooling will be required. Reaction water to

WhHiR: BURSTSPHIBR ECRPEH &R electrolysers can be delivered in two
wayspeitherirgditionaily aS hiquid; of byrsteamueosidensingtintGaveder Hglst two
windihescall Q8 combination;of valey and-sleam. TheChieeiSHAesia shows a

specific, as a function of current density, 20 other auxiliary subsystem
TaER dRe e et RIS O BPATHY Voitdgess BrdRgretHEre: Enarialyine nput
piighvolupentilensityable cird lixBrshleadsifo _Mmfﬁniehmgm im@xwepause XY
is PR duedos Igwer iemperaireAnd faPRGIalY prossscqifferentials Thg. i i

electrical feed of the electrolyser can use existing devices described '
laggingm Tt 41STETerAE B ORTE Of, Beigr e RIS FafBY! tHR B P s ERRpaRse shift
lepdgitfiers connected in series, each 25 fed from phase shifting

transformers. This circuit design leads to a high efficiency rectifier that

converts AC (alternating current) voltage in the first EDL to DC (direct

current) - réﬁﬁff@ﬂ‘for operation of.electrolysers. The high voltage stack of

the efeetigbisesseanthedivided inteseverabataaksifivorkingen typical three-phase

rectifier. Instead of semiconduactors, vacuum fube-based rectifiers that can rectify much larger

current can alsc be used. Semiconductors can be paralleled using known circuits to achieve
reasonable sharing of current in paralleled semiconductors. The rectifier can also be made for
more phases by adding more phase legs and connecting all phases from all phase shifting

transformers in parallel.

QOutput Voltage
The phase shifting transformers and rectifiers described herein are combined into a
circuit shown in Fig. 15. In a preferred embodiment, three rectifier circnits R are shown
connected in series, each fed from phase shifting transformers T. This circuit leads to a rectified
DC voliage 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 o

make connection, for example, through paralieling these tiwee circuits. Another alternative is to
28



10

13

20

25

30

parallel for convenience of construction, maintenance, and safety. The
same can be done with 30 the rectifier. Semiconductor rectifiers can be
paralleled to carry higher current, or each of such parallel rectifiers can be

wepnneeteshio a separate electrolyser stack. The same can hg-¢qrewildho 710
the transformers. Referring to Figs. 15 and 16, three transformers are

BT REEE AnEToTHier S HOHEE HATS RHAY &y as SR R dr ieher
pulanidestiseshinelapy quantities. The high voltage electrolyser 27 WO

@?ﬁfﬁ? a%fen%yzt%rlaf%%;ﬁyg%%s@g 9&910%7\%9%&'k%ﬁg%%ﬁﬂg@f&yﬁézbﬁgg ﬁtﬁﬁl@&xtes, o

' ormer i output voltage O the_ € ectric power plant IS .
scalbnipatitecviitetie SR IBoRliFetPvBPARS. TPHEIBhaderstiftifgrod of the eleciic
dittapsiormass s dnesecihasrone phasainaithpdrpuinwithyehase Shiftsositive and
betwe hases.not 0 or. 18 t usually 120 or 240, a in
=1, 3 G0 f
e e e T o R, Bl A A M b e o
therpesk ivpbaep s sisthe difsyifie B detrecpdives distriivstighiifaErniyed prveen
piRase selzdranshiy insNeWAO ARt md iagams 431agt g dsiandypieak 10°) =
0. ,ta Ipf?%e Pﬁ{gn%%@ﬁgé._me % It eu&igseacrgg Qr_y) winding of one phase of
he fﬁree-pﬁase ranstormer 252" Eompriaes ypically two separate _
windirgs RidsieetEcriisaeielr drve HFRinGs B Wb iR drrsic B offds that, in
winPaahasemingdingiianciherotherdddds wound Qyer anothesinpriphase: of
Wi dingf Phase of voltage in each secondary winding is in phase with the
transionnsrs and reclibiers. . 5. . . L .
mpu%oﬁage o1 the winding over which this secondary winding is wound.
By sdkechizl vbagstiaok alitbepestcyppscor tpahiviisdie reerabeafiserorking in
pdRESErWQ RIS AadsRataHTY nlR-aAR AERIYR MaARYesHadRhRASa he same

S ift%. The.qliagran%,44253hows a 15 ratip in vollf';a etrﬁ stormation.and a
can e ?ne szt ?rectl 19 efmlconcciiuf:torr fiflers can pe paraieled o camry %g &r current,
polarity of voltages transformed from 1ts underlying input phase voltages

orcfagiegd byeleraiird £20fchase bhiforTibriedombiveelaokisgadlysutikpHasesame

b ¥e IHphase shifteddngamparison with the input voltage in phase XY. In

this example, it is lagging. The diagram 444 shows change of polarity on
the output which makes this phase shift leading. 20 Rectifier The present
systdtustanottszeza semiconductor rectifier, being a typical three-phase

rectifighLanieas B SRMICRD AN .Y K40 herhased sestifiersdhat canos:

rectify much larger current can also be used. Semicaonductors can be
Pfﬁg?%frfé%éaﬂﬁ Md%ﬁﬂ(}ﬁe& F8di?§]ﬁ51%3}‘ﬁ &;grocarbons {o the destred nuxiure of fuels F.

The process can use existing technologies to convert hydrocarbon streams from the FT
subassembly into desired fuels, and other products if so desired. Fig. 18 shows inputs in and
outputs from such a facility. Typical upgraders will involve hydrocracking of FT heavy ends (in
the Jubes and wax rangs) to fuels primarily in the diesel and gasoline range. It should be noted
that a refinery’s npeed in hydrogen can be preferably satisfied with hydrogen from the

electrolyser.

Burner-Generator
In a praferred embodiment, a burning system 528 is shown in Fig. 19. The inputs to the
burner can be venied gases from the FI reactor assembly, and/or residues from the refinery,
and/or natural 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. Sieam is separated intc water and
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25 reasonable sharing of current in paralleled semiconductors. The
rectifier can also be made for more phases by adding more phase legs
and connecting all phases from all phase shifting transformers in parallel.

waURhYRlItage 30 The phase shifting transformers and rectifiefgcroas/000710
described herein are combined into a circuit shown in Fig. 15. In a

ragid@ferredbomiiodiidnerthiatiivéal fuctifien ehcuite RYAeiRtwaWRE Cobimedinadion This is
ySeHedLashd8diffem ahase: ShiRadiapsiesners dnibhiggircuit leads to a

=T ; - o
rectif gctr?cc \égltagﬁoyi\{lltgdvgryﬂ.lselIghlgeea%loﬁ"%gog%doﬁe\{c?gt%gﬁl’elég:c/gric Flower line and
peak- O-peakxk, Wni IS f)eneyflmal"f%r SiZing or all components In the

Tusteatrichb clrctitty s the electrolyser. There are other ways to 35 make

conngetioRy fiereaample. hiroughsparalielingdhese thrgenciteuits, AMPHeHesired
alternative is to 28 WO 2006/099573 PCT/US2006/009710 use a

TGl FaPe Y RIRit PO ARIPRRIS, SRRRY) r less phases and corresponding
lowererhighe papeisatidneef butpyrisdtagenPheadstiing Wpltagenidtes spparatus
isabMolagesSemallihge JGRUAesS- Jrigml s W SiaEas 10,5618y 2 XRKARE carbon

diagram 452 from one three-phase rectifier. For one period of the electric .
SIS I AGR B0 ifehe are YRSt TihePat el less sensitive
toweneformeifiicnposittedand e ative dislvestisf RAEH phbmesiTiig depth of

voltage pulsation is cos (30) = 0.866, or 13.4% of the peak voltage value.

In the_circuit with three rectifiers, the phase shift is maintained between

phasE@sSWasHIB A e TRFTRI=TAMIs case, the depth of voltage
pulsdtiohs isreosi¢d Qrocef@35hae hrb%uofthespdalevatiee thexoltage must be

SHRHATARE AO This USRS AdeRURIE oI el (GBI Bresse,

the electrolyser cells that, in_turn, leads to higher utilization of the
SR siEr fe Balis LFRIRRNEE Solar FREHFBPIPaifsformers and rectifiers.
The high adiage-sifche afrthacdeatiolysks eangyesflivided-intareeveanal There are

bRlREHS WOrking n.-Ra ﬁ!'ﬁl&%&ﬁ%@@i&%‘é&% 989@?%%%‘&9 0, JNAUBENICE: ¢ one
d saf T tha

f
_and safety, among other issues. The Same 15 can be done wi
I fiffie P2 S PREATTAURID M Hetiiars waph Be praifdiét Yo tamr s nigveR cuthgrigcond
of Raghiefisuehipataliel reniifiels-cambieveanneeiedrtconsapataie heat or derived

fele%trcelyser stack. The same can be done with the transformers.
TOR1 bBeal,

Post-processing 20 Typically, the output of the conversion step 300 is a
spectfuiff drErRfiEapg o ppBSrPrateddih i She b Oer idhre Giddertb processes.
Iupgeace ibaibydracarhens i ihedesiradmixidme.efifualsdally isothermal process.

These variations make the process near isothermal. As used herein, the term “isothermal”™ shall
inclnde an operation or process that is “near”, “approximate” or other such terms to modify the
ideal isothermal operation, and more specifically relates to a change in absolute temperature
measured in “K in a practical isothermal process in a range of plus and minus 10% from an ideal
isothermal temperature. Similarly, in practical adiabatic processes, some heat energy is
involved in addition to the maimly external work performed. Such “practical” adiabatic
processes are similarly “near” and/or “approximately” adiabatic, and when involved 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 manus 10% from the ideal

isothermal process temperature. The present invention preferably inciudes one or more units for
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The process can use existing technologies to convert hydrocarbon

streams from the FT subassembly into desired fuels, and other products if

so desired. Fig. 18 shows inputs in and outputs from such a facility.
woypicalwpgraders will involve hydrocracking of FT heavy erd3/is226sthe710
Jubes and wax ran ei? ta fuels. primarily,in the diesel and gasoline.range. It .
e e A T i M B T T ¥ s
1eBtispadhwide A pdriganoiensias detedbegigeere-Burner-Generator 30 In a

prefepeshembadivaent, aHinGSy SRR Q4s sﬁbmﬁmﬁ'&% tﬁla@seﬁ%b processes
_inputs ta the burner can be vented rom the FT reactor assembly, .
IO s e o R T hA o AR Ge e oo P efton of
othes@mesmpoueRpanenti im edhdontad ggas therbindegeenSl4toF R 2weithiracesses 618

wfRlatively smalliBrriienaiaxyganceming framithe electaly safTR8LUIRUL; or
ases, from the turbine exhaust z%%rj%stgam and. carbon dioxide. Steam is

DA RGBS BRE DT YB061608E T B T1TEBIERGEH E(n = Baseous
phesidthen canpogadid Ride thpirisefe th Bhek targas $#Aixemwitheineomimgitioned for

raaRoRdiedde, Thisdsyebanpther ggs recycling loop of the system of the
present inventio# 100. Electric power produced by the generator is fed

back 58 ThE AR HEBHHER IFLArtl VRSP (51th et Bigheh 30 gra626 through
638sult,itherenlgiitheitprioipsd Stectivategiallbeming outref thecsydtemingolygases for

aama@@%f&qs;mglmmgi@éxgdg& IRHEABRYNLIS: MBS HRERAS BIREINS tquid

power produced is recycled back into production of hydrogen, this )
oipiratis RIS SeiiA Y AREin Brete EdrRArEIsNo SHRg 4 e piture of
gsubais geriysdAldehac dhrborhadge Xideisaracy cldairhclptocthe ihplihdfithéermal

chyé/s@ &%@Q@ﬁ%ﬁ%ﬁ@&ﬁ@@ %@E‘dﬁﬂ& !ﬁ%ﬁe%ﬁﬂ .iti.‘ﬁ? stgrgrﬁgrﬁeﬁ@gg:ﬂé B changed

_efficiency of carbon dioxide separation in the RWGS subassembly. Gas
issbpaalfioAA fgBrEEEAtigtessAkYally In the presented processes, there
are ntimerdusihplacesinthete wartaies gasesantisidaee sepacateck from argasre by

cgﬁi&ws?mpﬂsﬂ@?%&%oﬂ%ﬁ@%&dﬁfs%b%ﬁ%m%& &ﬁé*b%@ rt%tﬁlgge%gedgtemg%amw and

pressure, 15'must be adjusted to make it compatible with an upstre o
PisrsEa2ed @ aiaRTEGE BitHdBrede APS St triENEt AP SHfitdnPYLE Line is
ufbeedsing s Theie atel hasicaiy-ivolpergy efficient thesmadwrantion adiabatic
pRIREESSeRLEGLIRL AR ACeSRING: TRE [ifSh aNS, IS AN, AdIANANE PIOESSS d he

when all externgfwork is cohverted to or from gas ener y.klﬁhe second

CHHBGE SHstrEmMIEPSTECe & MivciTiite HeiTgl MorleiE GitPRY BosRpEriEy. Such
giatpaheatudt slesimenkonized to the frequency and phase of veltage in the electric power line

and to mateh that voltage value, very similar to other generators used in electric power grid.
Other types of compressors and expanders beside turbine type can be used as well.

Fig. 22 shows isothermal machines, one to increase pressure and one to decrease it. In
the machine to increase pressure, a compressor 636 driven by electric motor is used, and the
resuliing gas mixture receiving power from the electric power line is both compressed and
cooled. The heat is removed by a cooler €38. The amount of heat removed is equal,
theoretically, to the electric energy delivered from the electric 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 interieaved 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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20 from heat. It will be understood by those of ordinary skill in the art that
these are ideal processes. In practical applications, there are some
temperature variations in an ideally isothermal process. These variations
wihaksthespsocess near isothermal. As used herein, the ternpgiseib@naals1o
shall_include an opgration or process that is "near", "approximate” or .
thsfielioalith e s B dify W2y s RIS dth M PATDTRRATSH, ¥ thdhe electric
sspecticatheralates dspadchaiife iin apsahiteltempe tatbires rycasirechipriésors and

e%ﬂ%%ic&‘#i&%@ EQ&B@S%&%% aJange of plus and minus 10% from an
ideal iSothermal'temperature. Similarly, in practical adiabatic processes,

someé FeaiseergtF s akvofrddid Aefdrtiott o tHkerdtaifrekmaairforikhese are, in
sfpeitermads:ohalaiprapiicatiadiabatiaaproce ssperesmilasyhiseastversion of a

d/ar zapproximately” adiabati W inyol h ne Qis,
e o e B A Sl B
CEHePgY Fromit R e pREEER £ Hﬂ?@ﬂﬁfré%aéﬁtlﬁh?}éﬁt?@w SPETEEBIFMETaEES

one cMaRaURIBIorchangingtheRiegsHe Of @ EdsHisonesmalyn the present
. which incorsporates agange ofeqlu .and mir]us ]ﬂQ% frlom the ideal
invenyon are sHOWI, A firs a ec%%: epowex e, that delivers é) We! 6}0 all uses — the
iSothermal process temperature. present invention preferably includes

elspreobisenare dhrisdeic 3OO 200610995 78 P TRYSZDEBIGEI7HhE electric power,
rEhoaging ithenateispasfiswer oba-gass adiabatically”, which incorporates a
rangeal.phis, and migus. d0o6 iamhe deal adiabat Bracess 28 rom various
described above. As shown In ig.ﬁfo, agﬁjagram of a universal gas
separafortisthietheEechWapradesbsnEugre Sep rals Firkguih pagt phd éegpespart.
Vﬁ?@@ REouEIE: éé-éeﬁ%léﬁiﬁg@mﬁﬁﬂ&uf?&w € m&%&i gfh_ﬁm]@iékﬁﬁg&%&ﬁcated
of its components Qy condensation in the condenser : n, three . .
IGEILLE B HTSRN Eo b A or N S A PR i i
dgivuedsinge Thersefarbtddyydsobuiasdnds Wikpidap hasebinagrepted, the reverse
pERBdenseli 6K dfitds.desiadrenfgher processing in a gaseous phase,
then some gases are evaporated in the _evaeporatgr 24, and thenare
condi o%‘%ﬁ?%%“%?ﬁ%ﬁ%ﬁﬁh%@i%ﬁH@‘%@%ﬁ%‘&ﬁsaéé” 58 R 6goR oo are:
Eachagroup’ofprovestws, dithe RBASrotgh -6kt drs B thmdugREIG; RWGS-
1i846 through 630, are identical in their principal functioning. They are
centered on conditioning of gases for adiabati¢ processing to avoid any
gas rhixture EBHPERERT Hr ERANEIRG PRASY, BHHBFHE NG OF Solfg
Eachcprocessategimsanithoddjustimghprdssiny ssothesntidlyibMext]ithd gadine);
or migfure of; gassesdspiasassad adiabatisally.e Shange temperature.
After this process, the final isothermal 15 process changes_pressure as

requiféd for fUHFEPHRSEE SEFGPIR Camitn SRAprak sl iderinfayiine C (Cine).

The following are examples of working finids for these lines:

a) Ethylene glycol for RWGS-line;

b) Water for FT-line, or a substitute at higher temperature, like ethylene glycol;

c) Water for E-line’

d) Ammonia for A-line; and

e) Ethyiene for C-line,

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 a2 working flaid 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. Liguefied gas is collected and
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isothermally, and temperature adiabatically. Fig. 21 shows adiabatic
machines, one to increase temperature and pressure by compression
using power from an electric distribution line, and one to decrease

wiempenassre and pressure and generating power to that lin@ @ 2006000710
preferred embodiment, an electric power line is 20 used as both a source

ew%r&wrémmr%@w@reérRréréaeréedmrérﬁ/e&w%cad@éa&e delivered to the
e\rumaﬁﬁge&amezmrmrre&mﬁ@%ie HeetaEeshinh . turbioe ey @bcess of
o0 ch}ggl 100 aﬂﬁr angrg Ign Sf( g‘rs]e &1a§3dg%%rss %lgr?ep f%{’lng to be a turblne

rving an e ectric power gener%tor ch ge erator must be

synchfeniZetht tHE FralfaBics iR PHASEBTIYDREGERTHSE eldbtrit Polves-phase
eﬂéﬁ@cmﬁrmlmtﬁhethm vaHaee val eeﬁy%yr&mﬂammtbew@emm@rs pEeekable

'%’%&”C LAd 252108 ynes ff 1%%{“(Pre\%59ec?§c§‘d expande Fhcrgy released
esl urbrne ype Cgl% be used as We Oows Isotherma

irHrdhlesston et rageaser Tidsauficedid E&retrelﬂeéreaeeenﬂe 1A @re major users

oma&eiaﬁd@ ﬁe@@asemm gazréeﬁep RSERE 6381 drven e esIFG MRt QRhanges
% egl the resy Itrn xture rec lvrn pwer from the electric

anc 180 ma e 13.11 mg I IS 1% V\ﬁ[ COMPIESSor I‘BOtOI‘S used in
power fine isTboth comp sse coole eat is removed

adiaesier G%WrrerembmpefEﬁéatsrémmtédn@seef@apf@emeeretfeél|§rore thés line.

NeleGlNc anengy %@yﬁ%ﬂﬂm the slectiicpawekling reiarge-ChaRA8s W ome
ressure, sever serrallg/ connecte isothermal JPressure changers can be

B A A e ey S & T AP RS AR AE Somstessors. They are
mterlEmvéd mescb@\rer@afr tietdippositaprovessjdinseaforseddusitiy RWGS-line,

hRfES3ureIsather mﬂxurﬁrptm CRSE: thegasy Mbxiueds xpanded anddhisieased
es both, its ressure and temperatyre, Change Iin temperature 35 is
%F eggatetg ?ﬁeﬁg 16. Al

redu
‘%%ﬁ”éﬁ%%‘i‘&f by’ é&ﬁﬁtgw&&%‘ﬁ o 58t 4R RN EoF FRASPH AR &
henixturadiscofuath3'h WIAr2085 08367 8sRCT IkBRO0E/6R8FtOhahges of incoming

ark Jiafaperax e%ur@regete aa@é@ﬁégr:fmwertmméhe electric
theoretica !\‘{Bf ' generator driven by an e %an er 640. Itis preferred to use

turbinB< S BothC cBifipFe SEBYE EM e U5 atfab FEBRRESthE tyPetiBati pbeat being
dused asmvelkrTihelsysibn hsés covlers 688andheaderbdXhothen Fig, 22 that

iSRS INRl MAGH ’ﬂa‘?éssﬁrr@%ﬁgugeég ol lnERIENEC AL EYANTE ﬁ:ﬁaéé%actom use

|sothermal operatron it is preferred to use phase conversion of a working

OFIERHYES BRE TS e EPfieat to and from gases passing through these
heat Iexch&hgentysthieriables thbvsystefn thepiccessiheat: With ne®@igzerD heat

b&@%"&gﬁv@htﬁEﬂPQﬁé‘%&%@a‘%&wmQﬁetﬁﬂgac?oée‘f\%ﬁ! GXAPIRS: A GORMoiler for

ribution lines uséd in thegpresent invention are shown, A first is an

Bt IwET AR that telivbrifEHer b WP eg Ot eon Fle. 22, that are used in

isothermal pressure changes of incoming and outflowing gases in the electrolyser, use or deliver
heat from or to this line.

Fig. 26 shows two more heat distribution and recyeling lines. One is a line operating at
ambient temperature. All heaters and coolers shown on Fig. 22, that are used in isothermal
pressure changes of incoming and outflowing gases at ambient temperature, use or deliver heat
from or to this line. All evaporators and condensers shown on Fig., 23 of a gas separator like
steam are either getting heat from this line or deliver heat to this line. There is also a receiving
end of z heat pump bringing excess heat from the carbon dioxide separation line. Al unused
heat in the overall plant will be delivered to this line and dissipated primarily as waste heat.

The other line on Fig. 26 is the carbon dioxide separation Hne. All heaters and coolers

shown on Fig. 22, that are used in isothermal pressure changes of incoming and outflowing
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10 electrolyser and all electric motors - and receives power from all
sources - the electric power plant and all internal electric power
generators. Other lines are heat distribution lines. They deliver heat or

waFsaRlbeas from various sources and uses of heat. Each ligepreigrally 1o
includes two parts, a liquid part and a vapor part. When heat must be

SRRV ETROTHE AN SeerF AP A et aRaFRiioo by e asttmanifiror deliver heat
fropdicaiethikSiie accephipisdeataobeeRm: SisHeal EXCIBNGerabon dioxide
Jelepse a@%a‘ith%%%%%”q%%sﬁ% uide, del ?J%%%'egc%%h%'ﬁ%.haﬂﬂ&ia?b*&%%ﬁome
|str|but|pne1_|ne. enneat must be accep ecfi' e reverse process Is
sepsesdionidinel bt e dah tepaesersof arhesphessla s cdBecns gahf & ontput
otemRperatiy esabWhic RIRNASeGARMEANSIONS, AGRUC AKSdradhAbak tera R iatidl @arbon
of the RWGS reactors - heat distributign line RWGS (RWGS- 20.line); b
R SIS GRS 17 s S B DT ARS F T T By f e
hewt purepripkirateiresswaiteerintih cashontiislyisie seraessiod ik bt dbe lvdignt line.
(E-line); d) At ambient temperature - heat distribution line A (A-line); and
e) At.a temperature of carbop djoxide separation - heat distribution line C
(C-Iir%‘f‘?eﬁ%%ﬁ%% ﬁBWﬁ‘ltﬁ) ﬁfgn%%ﬁ%%?%f working fluids for these lines:
a) Ethipiene Gbdyéd! for RWKE Siidd0 )iVdpperafor FHidite byraipahstinttetgtical gas
p{;xiah@r terapRe Rt e like sthyiene alyel Gl VRIE IRk Eelings vARNMARRmbly,
p : . voS
‘rA-éI{??e;?and 30 eéézthglene for C-line. Fig. 23 shows a combina ion of a 4
¢ St e VA pEATr ATHINES B 1B EHASS B Filf Sb° FRgodment. an
opondegmesspartis aSHeat Bxetramyeisb 82 thioughmetitrapgasseei@lbatisugh 614

Op@%%.ch%qlg@m the gas mixture is removed by evaporation of a
working fluid via an evaporator 654, and this causes condensation of

>, € a i
desirEe EBRIpSHBNEEFLHBRIRE premiBhaHicheéd ror Slickgerare and 20-30 bas
peondensdtion; ik acodilectal foaitBbénefithedibaRéXChanbes6by | fuefiechplish

tt@é}%ﬂ%PQﬂﬁ@EﬁféhéB%@&W@o%%@@ﬁ?@ P /52406099710

expunged into’an evaporator, where the reverse process takes place.

Heat & d&Ti VB €6 T BYAPOMSHTE nEsh e RTa At S7PRGHthd Mo meshigflone at
ladvstsibpitanitine . cfdve osetically, this pfote ssah. chndensatiodiand., this is ambient
temmloﬁooic%ﬁiﬁﬁﬁ%%gpgﬁﬁ%eﬁ%@%ﬁl@%%&ﬂ%&%ﬁ@?@&ﬁn@ﬁ% 614 and

electric energy is distributed and recycled. Line 1 is t%ree-phase '
the process 616 on Fig. 20 can be used. Also, processes 614 and 616 can be combined in oue
machine. After separation, gases must be reconditioned for further processing using all or some
of the processes 618 through 622 of Fig. 20.

Carbon dioxide present in the effluent sitream on the output of the third steam separator
in the RWGS subassembly can be separated wsing a variety of processes such as amine
absorption, carbonate absorption, pressure swing absorption, adsorption, gas permeation,
additive-assisted cryogenics (e.g., Ryan-Holmes), or three phase cryogenics (CFZ). When
liguefaction is used to separate majority of carbon dioxide, then all or some of the processes in
Fig. 20 can be used. In this embodiment, temperature T; is ambient, temperature of
condensation Ty is in -35°C range, temperature Ty is equal to the FT reactor temperature, 220°C
in this embodiment, and temperature Ty is equal to the RWGS reactor temperature, 400°C in this
ermbodiment.

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

temperature and 20-30 bar pressure, and must be condittoned for 220°C and 20 bar as preferred

34



10

15

23

30

5 electric distribution line. It is fed by the main source of electric power per
Fig. 6, preferable powered by a fast breeder type nuclear reactor. It is
also powered from residual energy released in the FT reactors by the

wWIEhBEAkRL /416 on Fig. 27, Electrolyser cells per Fig. 14 are gajar4564509H0
the electric power. All expander-generator devices used in adiabatic

inrgierhtiiathahp deccarmiis e A AF pPESsUr e REMTGES ArE) fbeuialy dHison Fig.
20ipg, ehekall compressor motors used in 10 adiabatic temperature changes

and Iﬁothgrg]%{) (g:eus e%esé: H? g?{} tﬁ d ré.osgn t ﬁ ] d[] 11:(5) IEE‘ "im{o% %IV red via a

other accessory motors a genera ors are a tac Ilne
Pigeine shre A9 GRpPTEEYSIng Wh@%%r%@ﬁi@%bﬁé@%@éﬁe%?@&?éﬂm fhe FT

subagenisig; %m}p%mmﬁmmimmﬂ aadtﬁecwin&dmﬁ@ée g@@d: I;a this
the WGS is dell\{ered b %até 10 %118 Hjﬁ e of
eiﬂléo 788? i?rx\]}’e o?%oéjnrélﬁlfpe?eé%% atrhe rea ors hlsﬁ %

thispusedsts ﬁeﬂetbtbﬁ@m Féx Sorsrdws degdicted on Fig. 10. All heaters and
coolesg ShOWRRN &rigad2rihatale usedinssethenmal Piesie:shane8R b this

r%,comln d outflo %E?ases in these reactors use or deliv gr heat fro

R e, AR ! r-s SREAETE GTeTEE A TPREaTE EAh R eh 4 and
th@mﬁ@sQﬂm@F@W@Mdroﬁﬁ@mwm@é@ddrﬂﬁ@aﬁm@am@md in one

mééHﬁ%atﬁfQ%ﬂa%%f%QM%rﬁ' g722.that g%&%éﬂ%%%%ﬂ%ﬁ&%&@@z’ further
pressure chan%)es of incoming and outflowmgh%ases in these reactors use

PSP SR A oMt 6 PREHRESTh tHE"ERREh 8rrseriiffc*heat is delivered
via thieflae dteexchad §8I EiQconskegn 2Tgrgeatthbieimged erividd friorirenergys is also

séﬁiﬁﬁ%ﬁg H?nﬂ?&f @ﬁﬁ%@é ’Mai@c Ii&f Jﬂ%&%ﬁ%@ﬁeﬁ?gij%r@rof the rOCesses

electrolyser water on Flg aters and coolers shown on FI? cf
61 Sprapeh Sltend S @69&@%% %E&Lﬁ%a&ﬁéﬁd&%ﬁ}fe@mﬁ)ﬁaﬁ%ﬁ& 4 and 616 can

boutthbinijrgasesdchiize electrolyser, use or deliver heat from or to this

line. E!Qlo%%ﬁ'%fﬁ‘é"v?‘eb‘%‘&t{&?r& Q%ﬁt@'%ﬁ?&rﬁé%é%gsé?%miﬂ% H%&t&ﬂ%ﬁg% or

line operatlng at ambient temperature, All heaters and coolers shown on
sqERg 22 Sreherare B ddhr Moth A Eiepths e B RAMER S DTAReB it aAte syngas,

caditewing gase saindinbient ternperatitteruse ﬁrﬁ&h\b_:eraheﬁtes @Aprmord cather
ﬂﬂﬂ%lgﬁ% {é}.‘és%}{%p Ofl‘?‘tao E‘e%& %Hi%gﬁﬁ%rﬁ Sﬂ@ﬁé’ ~iﬁl<9 ‘fgre’cg}fx&%%on of carbon

separator like steam dare either getting héat from this line or deliver heat
d‘&i‘“ﬁiﬁsaﬂﬁéf FRere for srstepretamihl s eria BN dr StimpbRyifgeseaeeyly. by
clhegiifgtdheccarhonginddeisepattioniinevAlirunusedantat iprthessed through

%xgsfsaﬂza'aggvg &g Qf%véf%q t%é%adtqgma&g g %g%%lw%@/c%ﬁmﬁgof Cs

heat, The oth&r line on 6 is the carbon dioxide separation line.

K EtSIETRAENES 618rae 3@%%\%18 fopRy o 3 drsiedr 6 o8R! i@&ﬁé’?ﬁ#‘é‘?ﬂeﬂ io gas
136 SSUSE hanges:afrirean ngianthautiowingrig320. Finally, the residual of C; and

C, hydrocarbons, syngas, and other gases must be conditioned for input into a controllable
release 322, again using all or some of the processes 618 through 622.

Then, in the recycling loop of the FT subassembly, the gases must be converted from an
input condition of ambient temperature and pressure in the controllable release to the input
conditions of the first FT reactor — 220°C and 20 bar in this embodiment. Again, all or some of
the processes 610 through 614 on Fig. 20 can be used.

Finally, if oxygen from the electrolyser is to be delivered for uses outside of this plant,
then it also must be conditicaed. It is coming out from the electrolyser at a femperature 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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WO 2006/099573 PCT/US2006/009710 gases at a temperature cfose-tb
carbon dioxide separation by liquefaction , use or deliver heat from or to
this line. All evaporators and condensers shown on Fig. 23 for carbon

wdioyidassenaration are either getting heat from this line or dgliversh@alota 710
this line. The carbon dioxide separation line is used not only for

SEEFhRERTIO PEAPBS O8Ikt MSniBHRIS it ERE S thel BIGSar s BF ths, any o all
pRWS Fanalion b alsorip: separationaf C3 and C4 hydrocarbons and
residyal aar;k:Pt/),opordIOXI%g e, f!é“%fét gas Qi dhe -Er&!%@e%%%r-sm?aﬁﬁoﬁs RS0 and
an excess heat pocifg ting end of a heat pum% tafqng excess heat from the
deliserPidresaere Sepdedtich IhEdritsthaamBrerchespiksfeparrdiaissuch purposes
aRapaatianoA Nk PIpeassing.40 Carbon dioxide can be delivered to this
apparatu ically b ipeline at.a typical gas pipeline pressure of 50 .
oo e D e R 5 PR R A By e
betl s igron dershAtsrAREterdt IR WGS temperature, 400C in this
embodiment, and operating pressure like 25 bar. To accomplish this, all

or some of the cesses 610 through,614 Fig. 20 can be used. 15

LS e by R e T L el

and Zx3bepaic pressiirée anerivosivbeicbediioprst fisrdiputtingeittimie: theurce of
RWGES gURasseY-cIanacramilish discaltorsamerhiRearecessssor water

610 Ehrougé&]{,;l op, F‘i%. i%can bel,useld. Otn the g;l,itput ?f.ea h tlﬁWG odiment
REHRET st ANt iUt DE SESHr Ae FRISRRUSE B8 donS K tow oAl FRRmEment
vipesdétito roniogerio st ofthistemtrs prthiseipotiimentdimisionimbiaem! beat
mAOrigmaperature. To accomplish this separation, all or some of the

processes 610 through 614 and the process 616 on Fjg. 20 can be used.

Also, ProtELgRs Y %"8f%%ﬁﬁ“@e%%ﬁ%%&tiﬁe{%aéi%‘ﬁgbﬁciﬂ%‘?%@f?@?l Of VApors
istpdi atioh hepasesimusnbmee Contitioned f6tiferheemocesding sings all ohquid

PRUNS QL IBEROCEISRS.A18 through 622 of Fig. 20. Carbon dioxide
present in the effluent stream on the output of the third steam separator

25 in tH& BRRRE PetiLR Seining EAPP BB dIie By oV wpr temperature.
Apracebsetesuchiasaming abserption,«Carboradte dosbritidnppressure use all or

sSANG ARSQURLIAD, AASRIRHON ¢SRS PRIESALION 1A IVE 23ISet ig goneratod is

cryogenics (e.g., Ryan-Holmes), or three phase cryogenics E]CFZ . When
AR ST RSH SR Tsdtr o apar ST Brie b BrcHidxige, TheAidossne liquid is
reﬁﬂﬁﬂ@i@fothei‘apm-ﬁssef_idi notge 2601 camdehulsedT hlaathisse@rdmdima r;&txd pressure.
temp%@%@dﬂé{?h%@@%@ﬁv@?ﬁ?ﬁgﬁtﬂﬁg af 29 LORARRRANRR i3 K BmRlsation it

range, temperature T4 is equal to the FT reactor temperature, 220C in
s thiseeRHiEAt e IER IR AT & FES4%qual to the RWGS reactor

tempetattyed A0 i thisdembogdimentic power generator 716 with outlet temperature
at preferably an ambient level. The electric energy is delivered to the electric power Hne and via
this line to the electrolyser to add to the energy delivered by the electric power plant. Liguefied
working fluid is recompressed and reheated to the pressure and temperature of this liquid
coming out from other condensers, and returned back to the FT reactors for cooling them by
evaporation. Water is reheated using heat from FT heat distribution line. The example of the
working fiuid is water. At higher FT operating temperatures, other fluids like ethelyne glycol

can be used.

Water Feed To The Electrolyser
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Hydrogen to the FT reactor subassembly is coming from the electrolyser

at 130-150C temperature and 20-30 bar pressure, and must be

conditioned for 220C and 20 bar as preferred 34 WO 2006/099573
wiaGldd52096/009710 in this embodiment. To accomplish thigpalksmsoeras
of the processes 610 throygh.614 on Fig. 20 can be used. If carbon
oK S e B O P SLAESENTHG TESIREN 16 b AR e D™
maltipipetinecat & typictzlpressurectf60nbalr anidrdtambieribte mpesate e tFoplant,
oDV Q2 i Ry ORISR Ol ABAROTOAIR SR E R AIE o,

T temperature, 220C in this embodiment, and expanded to operating

ff‘ﬁ?e&?ui?éfﬁ&’é%%’é?l TiSate BRI RS 28y Hﬁ%rﬁ@lsfr%énpﬁfaa%%es%h@m
stibuiasghvai ot mgraAoandertsedif@mtherputputof aachvfllereacton ambient
tersntea Sﬁlﬁa&?eteae%hé@ls"e’{e% E’eﬁf‘%ﬁ {3k gmhodi %%@d 9 2050 bar

comp ish this separation, all or some of the processes 610 throug
AGGHONRY S FIONSSE B Gigh RigE D OcBsi e 65@6%@5%%&%&%@% &%iahhelow
cebd B Cachelenmpineddaone-machiccAlier separation before the second
FT reaglo r%%‘méem%%beé{f%%”u 't@ﬂ%&%‘%ﬁ%ﬁgﬁ%ﬁ%ﬁ%ﬁ%é*?ﬂ!;}@séiéi{‘é% all, gition

or some e processes 618 throug After the second
thi HEBF 'S teih TG NTEhaRa 80 BE @%‘F&@&SHWW%&% feinggper either abscr
e1§@wa&e&adsaﬁwﬂ%H&ﬁmﬁemﬁtuxeas?ﬁaascwmahmnhI&Wmu@ e, part of
it ee gfé:ltg%gpé Oi%e %g aell\%r6n]i8r€t3% lfl%)hft C ns%i'ﬂ‘}v’e IrQ’?aeg 3 agon then in

5 can a. ,3\ SO, processes 14°and gf can be com meolS In one
thengieHinel. mn@m@@tm SRk FRmp O3 T Riparechidh 6l GRbasrmEst vapor
c&%&@ﬁ&ﬁaﬁﬁ%ﬂm all @ semeLidhrmmsassashifdhaugh 64 6sen Fig: water
h%u EI W chontent ocfl carbon dioxide and syngas, condensation can be at

Ambien ?empera’flure Otherwise, it must be at lower temperature rather 20

than higher pressure. In a preferred embodiment, there is C-line for

condﬁgﬁa@gﬂtg&garbon dioxide and it is used for condensation of C3, C4,

and CO2 in this mixture. Consequ ntly, b ngin Dressure of

o ST TR0 S e r e ATl S SR, Conols
mphat@sgkﬁwlﬁwagw%@l@mgmﬁ@% bfethrﬂgﬁwmmhmwgs @s@@hﬂkﬂynthms

dﬁ@gaegefmt%ﬁ&%c&ag@s% GAMRALIES Cambe tiseshiniligick fermtresent
swe@(geva orated and conditioned to ggs 25 sin(%1 all orésome of the
S

‘”ES?B‘%%%@ %Pé%%‘%ﬁb‘ Bh P AR e e SR F B "“’éﬁi Bow,
phygirecarpensysyngasiapatahelgases must be conditioned for input into

a conifollable FeleasamaZordainsing al orpome-f ke QersaReEdfren by
through 622. Then, in the recycling loop of the FT sukfassembly,}orggegases

emﬂf}é‘%@ﬁ%ﬁ@&hﬁ%ﬁﬁ}ﬂﬁs dmrmg compressors, gas and ligud flow3h or valves,

mechanical regulators like variable vanes in turbines, and others as required for performance of
a certain function.

- It is preferred to use distributed computer processing with redundancy to assure safety
and timeliness of control.

A Hst of main control functions of this invention 100 inctude:

s Control complete conversion of incoming carbon dioxide into carbon monoxide
in the RWGS assembly;
" Control gas discharge on the output of the Fischer-Tropsch assembly to maintain

a predetermined level of hydrocarbon or other gases in this ouiput strean,

s Conirol of hydrogen supply to the input of the RWGS assembly;
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input condition of ambient temperature and pressure in the controllable
release to the input 30 conditions of the first FT reactor - 220C and 20 bar
in this embodiment. Again, all or some of the processes 610 through 614

wonfigedd6an be used. Finally, if oxygen from the electrolysesisdsiiigino71o
delivered for uses outside of this plant, then it also must be conditioned. It

is coming GapemitHeiersararpbeicdhuitan gt dreergty: 150C and
presguie 06.20-30:hake harisielivaiyhy & pheetinar0Xxpgensnuss@ecf te present
._conditioped {0 a..35 WO 2006/099573 P. 9710 '
Aol e A B ST g AT bR mIaR s o
coatgl of Hit PYEEE ssesrd0itHieculasidlp Asrgssiteckn & irseaisisiThpR dioxide
infOrRBYOeREelay:1e dhedatirrssggnerator, steam separation there, and
delivery of carbon dioxide back to the input, the processes descrihe .
nerel &I ER BUADGRLL SR SIS S Fl O LA e g2 b
reSiftikrlylcmpdtogdistonude ippreinfigeedifbe prodssaeeier theleaimergraged for
in@&ﬂx@gﬁ@ﬂ?&idi@&&é@fﬂifﬁﬁ@ﬂg PHIPUL ISR akerARg IESEWRvided for carbon
Recycling Of Heat E ischer-Tropsch Subassembly 10 .
IR B TSt It G T PSSR TSIt (R g o 0
ergproplititr dAétgy socdriverd|tiyas iprotessisritnatidsprasiearmostrdépputput of

mAddifional slecitiswenergyfegoater electrolysis. On Fig. 27, we show a
cooling loop for the FT reactors. In this embo imentB vapors of the
Al

Work%arfﬂﬁ& £ SaTR O  ROPRE I PSP TR AT B S oxide,. the error amplifier

ensation in
owpuersbbeadrimaghime g d8eThe firvst smdohide40 fiowstedtipgdifiepmarpingeen
pdieabAetKeaLirQmcoRdensation of ¥ de esRWG3eat distribution

line. On the output of the condenser, working fluid is in a liquid ha{g

. ) e at
condErSgrShteARRAY i FEn T OB S A h e T & HRUPL AL, B contro!
cibaFWatentotheteleatrplysersenpelatd ey dragainn thistheasdelveredsoy the
oRPRdeREANQR.af erﬁi%m{m}igtemg&@&@é&ﬁﬁ%g%@h&@@& 8t of the

the processes 610 through 616 on Fig. 20, and the electric power that is
Fhanerisder s As®d through an electric power distribution line to the
electrotysen! Ehefauwtftovwngiguid is: reheatddifed thpakstrlivie mnidcated prior to

mEOmRIEssed 1o maich heyf T d63CIss 1eMpe E%EU%%PBE%%H{&- 150 where it

third machine is_delivering heat into an FT heat distribution line bd>ﬁ/
couppttiEnEifioh FEIRRhiEEls (Qemietf (B ATREE NSt oty kAR Tive: 2828 that
cohbely glerel vahwalpdssand Shdvaf charpBtect . power generator 716 with outlet

tempﬁ@tﬂrg negative feedback loop, and in a steady state condition, the flow control device
1532 allows enough effluent gas to escape such that the amount of control gas is kept steady as
defined by the reference level. If there is more control gas, then the flow control device opens
more and reduces this excess, and vice versa.

In Fig. 31 is shown the control of hydrogen supply to the RWGS subassembly. The
essential purpose of this control is to supply enough hydrogen for the desired Hy/CO ratio on the
output of the RWGS subassembly.

Flow of incoming carbon dioxide is measured by the same flow meter 1506. There is
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 multplier and from the hydrogen flow meter are fad to an error amplifier 1548,
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at preferably an ambient level. The electric energy is delivered to the
electric power line and via this line to the electrolyser to add to the energy
delivered by the electric power plant. Liquefied working fluid is

wikeeapressed and reheated to the pressure and temperatup@ﬁ/fgﬁﬂ@ﬂ,qwdm
coming out from other condensers, and returned back to the FT reactors

anpb O IRG HrEhT By C BRI Wat PR YeH Nt RUN fiadt o o7 1552
toheatdistridaiien fine.-Jdviexdfiglevoicthenwodeinigiflleies is thratde. At higher

FT o k l 8) S static
B b T i

cPEFI EIOTERFPTOE YIRS HER Pl OB Bty B Rkfito ebtyarreme- I the
arfdestrolyaaiol\adeldts omind:freaesmutiplesowites. it igpreferted dotput of the

5??8191?4% MUCh WSS, Tom=te RINSLAIOCRSSRS NS plant, specifically

WGS reactors steam separators, from the FT reactors steam
sepaFifiodd SIPBiIAE BURH &F. EHRrs P RRb PR SepaPHIGK, R d brRPess@ply. The
esealtectaapioss efiaiRgoAdldRe serg: stiratasnbwale tmaeh rcamingnwateldaretween

m@tsg'ffe hd E%mHg@tué%rP% oL themsareund AMBIENt 1§ g!ﬁ’&r&%%(% ' RUke FT

Blectro yser water s at 130-180C and co pressed to 2
S%ﬁéﬁ%lly, at above certain high current density the electrolyser must be
cooletsmnd aéhalay feertainueaseat @@nsimmm@ctmemanmuﬁmb@n flow is

i hz?s%;[g In thet x@%&reﬂo f%gtdlggn a?fp tda eralflesﬁen\?{:/ at grhv% rklg/bgmréaga?@mm meter
compregsmn to condition IS water to suc temperatu e an

132 et sop pragslive 1hef wierviitenaltnEpassdipisnielernsnis dhededss ratio of
hiEest-ardeliess aaxeess heatuibihemia hemedeidiaatdelivienpppafimately

of it Lcan be even vaporl ed to egv re heat t% electgo ser water v %
two, si E evvﬁz an ihe m Ut O g% b ABSET 1H { gs as a _junction of
condensation enin ode of heat ab sorp water temperature 1S

onmmgh@iﬁﬂmﬂﬁ@feﬂéemys@wPéﬁﬁ%ﬁ%@ﬁmfekbéﬂﬁcrﬁ%r some of the

proceﬁhﬁﬁﬁﬁa@cﬁe g?&iﬁﬁ:l@l“i% Eai'&gi éll’a@ aan heusedet o vwater &5&@@@&@1@@
n eat | se in.Cantrols E troni rol is inherent to

1 CHOR e b7 S TS TO O e e SR oo
ofce mmpg@nfb:nm@mrﬂswﬁwéi@%h@mmlmg gomleoraigbritiins Hegophe is fed

fr%§%é@¥%%%§&%z§%@%&%@ﬁ’eﬁm@ IiBe %@ﬁhd‘ﬂﬂ@@@&ab@%m
the present mvgentlon Cﬂj &(38 Seq}%,(%ll:é ertlnentt tS fun % ¢ of
flow, OF SIS ECTfiE g 4% ErIg Gt 35w, " presdt 2 REh, aﬁiﬁ% EriBIRg™ ©
hoitvars. Tiecactuatchs a2 pumpsifdy condensers mcﬂ@vdedm@efémm@f the
I BPEERALQES HEVERHRYen 15 detected on the output of the FT subassembly, then flow control
device 1574 will be regulated to pass less hydrogen, and vice versa.

There is also a water level controller in the tub. It regulates a water drain mechanism
instalied in the drain. It is a conventional controller used to maintain liguid level in storage
tanks by drainage.

Electric Energy Usage

A summary table, TABLE 1, illusirates the calculation of efficiency and eleciric energy

usage as described herein.
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expansion turbines, electric motors driving compressors, gas and liquid
flow throttles or valves, 25 mechanical regulators like variable vanes in
turbines, and others as required for performance of a certain function. It is
wrelgegdda use distributed computer processing with redunglanex 4ghse09710
assure safety and timeliness of control. A list of main control functions of
this invention 100 include: 30 Con P&@rﬁplete conversion of incoming

carbon di@gg%ﬂqgagb&%@g@%&gmi@the RWGS assembly; Co[ntrol

gas-discharge on the output.of the Eischer-Tropsch assembly to maintai

Catpresedesssihed level of hydrocarbon or other gases |nihis owlput:strgam; co

HP=E=T 3 AL C 27 \AO
LBA'A A4

o~ + bl - et £+l D\ accanmbl
CONMuToOrorityurOgeiTrsuppry i are mput Urtne  Rvyvo o iasseimorty, O

Effgiopr099%78PCT/US2006/009710 (r) Control of hydragién!sasply torthe] max

input.of the assembly; Figs. 29-32 illustrate various sy s% S Og[ e coniral
Eng%%%%s%%c 0%f the present_invention 100. Fig. 29/l l%lsg':r At Qonl%g% of 310

Eﬁgﬁ&lﬁﬁ@ﬁﬁgﬁl@w. The essential purpose of control gf the @7\N('_5ST .

acepmbh—e-ta-<titbhstantialhs ae naccihla. convart incomina carbon. dinvide
GDDCIIIUIy 197U oUootTl Ty~ ao 9o Uty ST i S oM g oot \ =2

Engrigitdrearbbresniagioxide using feedback control. Flow ofigortiing ¢atlden; (176)

TITOTOCT O

TIAC

E dioxide 1S confrolled via a throttling device 1502 having a_regufating
"ElEMEtEAVER By the power driver 1504. A flow meter 180d is tovidéd | 100

Téyﬂ@%@g@%@@){%ﬁ\ﬂer throttle 1502. A secogggflov%gete%%\}?% 434

isprovided-for.carbon monoxide on the output of the RWGSE asse

HighuiputsgofahetiHiejemthadectemhda iopytaakan 10 error ampliifiegd.E 1372@5 680

3 1 H + [H 4 (- oy v ral FE WP ml SUSWIP-ERT T2NRT - 3
STTOWTI, dnma TNOSEMPUS are cannoratet T morar veEToTRY e Ouiptt-Ot

Engtiey sFRpner JrvdEYORE! driver 1504. If amount of carBén mdHoxidéld | 157

mes.smaller than carbon dioxi t(q.g mplifier outpui reduces
Elgc%gg engr eutsﬁ rper U1l of(iﬂegggeax %va all% & ebe ley e1.4 1{ eblgg 0.64

drive o oftle and.leSs carbon malf(inq differénc

Exbeiwerencipashifinve smaller, with error bandwidth of ﬁhis,(pegagiye L (16) | (36)

faadbacklan 1600 Cine 20 ic chown tha caontral af tha ET. 4 ccamhlvy The
TILTUT UT e T T \Auu\.alllulj- LI B

reeaRaCKT100P 1o 11g—Su-15-SowWh—tne-60
essential purpose of the control of the FT assembly is to maintain certain
level&of #yjeirochebericaladehe pasesvikiosyngasconthd @diputosfdise For each

spaseenahaiihdgoutimate Rurnese:of Supimizing diseharae o 8yNo8sibum
f the FT assembly recycling loop. A c ptrol a§ flgiw meter 1522 on the
oA u% ohe egl %o ©

outpUt of the BT S b 35 SR B TE o 8ated oo 1eading fo maximum efficiency in
another. Efficiency is defined as 2 ratio of the high heating value of combustion of hydrocarbon
compounds (HHV) to the total electric energy supplied to the process and the plant from an
external source (TEE). Electric energy use is defined as a reciprocal value of efficiency, as TEE
over HHV.

In the last line of Table 1, an excess or deficit of electric energy is shown. For example,
in a case of using carbon dioxide as an input and having minimam efficiency, 40% more electric
energy will be required than the high heating value of combustion of hydrocarbon compounds
produced. In a case of using carbon dioxide as an input and having maximum efficiency, only
10% more electric energy required.

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

dioxide having nome). 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

40




10

15

20

25

30

20 the splitter 322. Signal from this flow meter is fed into an error amplifier
1526, where it compares with a reference level. Output of this amplifier
feeds a power driver 1528 that controls flow control element 1532 of the
wepHiterdi2; This is a negative feedback loop, and in a steady stageoos/ons710
condition, w _control deyice 1532 f”?ws enough effluent as to

Coer%c%sf)l@ns{f}f:w ﬁ[ﬁ%%af & amGtnt 6f CONtr6T yas 1§ REDt Steday 58 Q%Wéd& as an
inpytthne heféreneaiteveleifitears. id0Adres.control gas, then the flow control

devieg,0peiMsyOLe @B&Eﬁg@&?%ﬁhﬁ QAERISoaREhIHCE we{éémlrfo%lgn&ar‘zy all
shown the control of hydrogen supply to the RWGS subassembl

RS %’Ft?ﬁ?%ﬂk?ﬁﬁ%‘?éx 8GRI &R Wy%ﬁ%f&%‘h%’?&ﬂ‘@dg
desirBidaR/Ser gatiororethier datputyeistbibvRiy GIsubaséhminl 230iF lwmfle of

niaRQEMINgcarbpn glioxide ismeasured by.1he S&!}}&ﬂ%@ﬂ@t%émo T08MEmal

is another flow meter 1544 of h drogen O%ﬁ)ut of carbon’ dioxide flow

R?fé{anls%al?rﬂt?fsﬂmﬁﬁﬁ’ém%l 6 thatSHRATGIEE Lh A by trid Hkirdd moles of
hydmgeofdny drpger versysicanb et oXidebon dibdapbit oBHIeRWEStricity will be

re HQ@&W'YS 18 %cﬁf@iﬁ%@gﬂgﬁ d'ﬁ%? ﬁ%&l‘%tﬁ%ﬂ\’ %@5‘511‘11% EH{EQ zﬁn%unt of electric

ignals from the multiplier and from the %drogen flow mefer are fed to an

el?F?é’r%thff&FeEf@San?é%@ééd@/@dé’@ ot 1 sstioeab st Getivgney will
béhogeinpinia aiie aatibratedss maldy petocifamINpeirof ¢his amalifienfareshere

wiISAINEL1BPR 10 &9&&?@&&1@%&%&&&8&1@&9 KR 2R WINICR GAN DG pear

as simple as a throttle, Hydrogen is supplied from the electrolyser. It is a

Ao JatitreM et datk EuiratestalrcrebsettIr T RISH FRGST MATggereration,
Nurhehythé bedpuh fromrampliftembsda] iszesocd dhepioamounteisarbon

dioxige. SHRARE q%gxgé}?%rﬁh&&&h %Iwglﬁ;%%&csag@ar'eolﬂé@eﬁ%#°f th%%]e of

amplifier 1548 to reduce f V|a e reverse IS true as we
CRNEIRS AHEPER APSIdsT HydieyERP < PR GRa R HprRsofihe 1F#ﬂ@@%@“§é?ﬁb‘l§ﬁt can
usEfmeatqss&mBahxpﬂﬁpg&ﬁtof this control is to regulate the ratio of hydrogen to

carbqn Wee the se rator 328. and.the splitter,
i
desired pro uctloO of o%%lr neﬁ? thEIF]C 6nd36%d:‘§em%§§é6 E[{)Tojer carbon
mﬁ?@h@iua@mﬁwméasﬂ?éd%gﬂaﬁlm EErsI562 ArtHyardgeraovnighods and
symaasured by a meter 1564. Both meters are calibrated in molar velocity. A

signa) fron meter d 62mse fed,to a multiplier, 1366 whete the m a'E'BréecE ficult to

coeff|C|ent rep?)ésen P] éesweg raﬁ% OfS ]ﬁy rogen to carbon monox
reppveREIBURSERS Th Pt rserdhmeimentisap proidmatafia b convestion
loSéRa]laidenthedatie ebrihad gtk alihe dhsgbassembiys AbYaIIRERSRducts. It
1sf§£lp%r?agt% note that it is only losses in reversible processing of gases and liguids that count
due to processing per Fig, 20. For this reason, it is estimated that these losses are in the range of
150-200 kJ per mole of carbon dioxide.

Output from the T reactors is a mixture of hydrocarbon compounds with different
combustion energies. For this estimate, the high heating value of combustion is used as water is
used for recycling. In a mixture of compounds, this energy is on the order of approximately
670-680 kJ per one converted carbon dioxide mole.

Using all these values, the amount of input electric energy is calculated per amount of
high heating vaine of combustion of hydrocarbon 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 tumm, this means that the system needs between 10
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30

operating conditions of a. specific type of the FT reactor hereby described.
Outputs of the multiplier 1566 and the flow meter 1564 are fed to an error
amplifier 1568. Output of this amplifier feeds a control driver 1572 that

WwOMW&IS98srggulating mechanism of a hydrogen flow controlsdevigedbsidde1o
that can be as simple as a throttle. Hydrogen is fed 20 from the , .
e GBS SIS 8 S BW COTRTEHER E5 74 e Mt oF tHE Fapating value of
ceubassemizlyy Thily iscaariegative feettbeck dobprodvitts crehoroditputesfitheater.
amplifigr 1088, t&%@ﬂ%@%%#%ﬁgﬁ%ewﬁ{%te&agﬂs@eb@@és@ WY tiquia
is just right for'the desired coefficient of the_multiplier. I'more hydrogen is
CORYFBERT IR e Blipth of raFrsibHeda By, FReHEH SR Boit BF aRgicE 17 It
vdth tdswillikanmegulalgd e pasalessrhydtogen oagd.vice versa. 25 There is

also %nV\{ﬁé[rﬁgrnls%gﬁl l%%%%?ll‘ﬁ&@ 1Eh§ %hltlé%glu@&% ao%"@é@ﬁﬂr@ﬁ@rgy when carbon

mechanisnt Installed in'the drain. It is a conventional controller used to
IRRSHRES P FGEAdTRIV AN P SB AR e By Wi ratRon Bl Endiggrtysigeystem
whll SigBareay Yikslb less ToA Bido don) lust riaies dhe-catcrdadtenvefe ficiehidyramnebrs. Then

electric energy. 30 us scribed herej 09957 )
e o R T A Sl 23 £, B2 motes, o
STEdrholt eiioTe Rl COPEB T LS PRy ORI e i
anaX NREGYTOF BLERIRARESISBES AR HYS Fidkidenepgmiion RYYES seactine 100

S R PO s e
hggpygduHibhyAestifenLauectHiiy) of hydrocarbon compounds 670 680

670 680:daneroy.aificirnennYadl LW TEE)Zh89 LiDiih%kleelnic @nesgywing
er ua?it of hi heatinz%galuesé EE HEN) 1.4 1.1 0.84 0.64 Excess

use
m(‘ﬁ"é‘"r%?f)“b kﬁfﬁgy 640 10 ?I?% n Table 1, the calculations are shown
for two spe&iemdiisaehdrrpykitsRF6reasihe Spagiesspall values as

explained infie iglowingexamplany deserpian anddeadingde RINIMURm, if
required;
& From Hscher-Tropsch to all process heat uses,
¢ From Fischer-Tropsch to the electrolyser, using residual heat {or electric power
generation;
¢ Drom intemal gas expanders-generators to internal comprassor-motors; and
e From internal gas/liquid coolers to interpal gas/liguid heaters using phase

conversion of working fluids

Systems-wide Preferred Alternatives

In addition to using the FT reactor(s) ¢ convert syngas into liguid fuels, it can be
desirable to produce major components of natural gas, methane. This can be accomplished
using a catalysed reaction

CO + 3H; - CH: + HpO {7

In addition, other various hydrocarbon substances can be produced from such syngas, as
comunonty known in the art.

In another preferred embodiment of the present invention, a plant can be located in

proximity to natural gas fields, to fake carbon dioxide, and deliver CHy. In many gas wells,

42



10

13

20

5 efficiency are combined in one column, and all values leading to
maximum efficiency in another. Efficiency is defined as a ratio of the high
heating value of combustion of hydrocarbon compounds (HHV) to the

wigtalelpektis energy supplied to the process and the plant freprai zo0o6/009710
external source (TEE). Electric energy use is defined as a reciprocal value
thefeeiffieRbREYids PR GUerPI\AIREdn IEHRSERISIRT AbINCD Af glgseddor that
re@éclefitit-ok alectriaerergydssshionmidar exampienciinataseobysiagd, wsing a
Sé&]agbon dig{))(Iilge as an input and having minimum efficiency, 40% more
e

et Irlrgacenergy will be required than the high heating value of combustion

of hydrocarfBen-t8nmpéihdsfgfoduced. In a case of using cafbon dioxide
as aﬁﬂﬂ@i‘ﬁﬁ&@ﬂ%ﬁﬁ@aﬁ%ﬁiﬁ%ﬁﬁé@i&@@ﬁ@ﬁé@ 0% RO QJ@@H% {per carbon
energy e%wed. 15 in case of c%rbon monoﬂ%@aan input, it is evident

&) onversion takes place at approxi HE)
AT SUBSTARGA 1888 BISeE enérgy Wil be'required, as carbon

mondXidelitescabreattiws rrisustiorr e mIrgyHT dhsuBse se i oo §aVivay mgeesses.
TRORR)-1 50k thiseases, iscaseWr! sARanRanexide as:Ak: Ut aned Baying the

m'nimtlm_ effi?,ieE@T¢6% less electric energy will be required than the
PRI P SRS VRTE S 4858 2006/099573 PCT/US2006/009710

comBitistioim fhyelretbeivtaon sorapburts prodthaedinigedasweaéd sigyhydrogen to
pRRIEOMONNIASAS AR WARMIBO L RAVIRG MAX PN SHHNIRCHRODIRSS 15 the

The following is a description of the entries of Table 1, wherein for
IBIRA: A MRS Are SO HEP oA OIS AE O GEL AR e
migtterivyd Boarbo redrmpoudbosnE [ddiricrersery ynrefinre dhfoR BleStrobytig: ghn be

swalerds Retwean L 4@t 288.d:pekmple of hydrogen, as a function of
temperature and under _current density providing isothermal gperation. In

the preferre@éﬁﬁéﬁrﬁ%ﬁ%@@stimated that this will be 275°0. 3.1 moles
of hyirogefrars regiiret! ftomebiscleaonm moienheal o el igkiteprtivas, 883 high
st Q- glaGtneiy WAl REviairReh RGOS REisRthermal operation. For

lower current densities, this amount of electric 10 energy will be lower, for

an exXAMBIEOIEH Bt RITOHE TR H R Brdssed s tdtitid e amirepeic hose
sistipplietdromitheratiyenpiificesses daddihmplant dNedorallyn for nigheberein without
aSHent gensiiesyiherg. willhea peedfanmors SIRcCUic;eNeraY.and: fort in the

additional heat must be removed. Some of this heat can be recycled into
iRy i ectrolyser electrically via electric power generation.

Naturally, all heat can't be recovered and total energy consumption will

increase. 15 The RWGS reaction is moderately endothermic and requires

37-41 kJ per mole of converted carbon dioxide, as a function of operating

conditions. This is another process that can
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use heat produced in this plant. The Fischer-Tropsch reaction is highly
exothermic and produces 146-176 kJ per carbon monoxide mole
converted. This reaction is a major source of heat in this plant, methods
and 20 systems. Other energy needs comes from energy dissipated in
the processes that are difficult to recover like losses in bearings, electric
motors, transformers, rectifiers, radiation and convection losses, and the
like, and from the difference in enthalpy of incoming and outflowing
ClaimgProducts. It is important to note that it is only losses in reversible
processing of gases and liquids that count 25 due to processing per Fig.
20. For this reason, it is estimated that these losses are in the range of
150-200 kJ per mole of carbon dioxide. Output from the FT reactors is a

1 ' nds with different combustion energies.
AE%EE;#‘{ % géﬁ%%@%h%%gﬁ%%ﬁgg %/%élgél % ScombustioH is used as water is
alsgridortie piinogdn gesnisiurevakcampaanuisathiseegiergy is on the order
f approximately . 70-680 kJ per one converted carban dioxide mole.
o e B S PR R BB carton

peromaigiat s mighhecatirgaealgesof combustion of hydrocarbon
~Lom OﬁJngasI E{r)gduggg lésin thDat l?Sllen(:tridc energy ILn the process and binati

)sys emhereby descnbed. isyrangegis Bétwéen 1@13a ?f%eevﬁ%%%ﬁ%?] 1aon

canbthnedibwid eiisxitke daon Hernsipuiodming nuftidie nwebos thaidhidsygiemes at least

ne&}%srb"getvgg(\avréélo 41 2006/099573 PCT/US2006/009710 to 40%

mOTe Electc enerﬁ%rs ARPEXYErARY source than is contained in high
whereihahting leakicoaé combustianrepesgiiof rydiocashapmampoidnds wiBrendount of

roducts carbon dioxide.and water. This energy.usage is favorabl

hyarog O A R G LSS L0 B TR O PSR (s o carbon
monoxidngs of 2.5 - and gas-to-liquid (GTL) energy usage in the range of 1.7. In

5 both cases, the input is high heating value of either coal or gas. In the

present system, there is a much lower usage of electric energy when

2. TharpaesnosORIBENS USathiem: am@iarsal SeLISe (e ismeS A Ca nclear
dioxide. In this case, the system will need one mole less of hydrogen, and

TR e Y O TR O P S SRR G SR RIRCESR SPE S hen energy required for
water electrolysis will be in the range of 275 1:T/mol, times 2.1 moles, for

T{}é) 578 W. In addition, the amount of losses in gas processing will be )
3 RIS 5t Te BBy IndHFEr QBTG YRn iSRRI BE 1R WS oRbsgam gas in

efANSNE 2R CRoHioNiS & SORAGHIOR RHREH S s @it WlFPRAQ0!: 19 4346 i nsation.

results in that external electric energy needs are between 0.64 and 0.84 of

high
4. The process of Claim 1, further comprising using at least two serially connected reverse
water gas shift reactors and separating steam gas from effluent gas between the at least two

reverse water gas shift reactors.

3. The process of Claim 1, wherein for one or more gases
i) one, or both, of temperature or pressure, is increased or decreased at least pear
adiabatically by compressing an incoming gas in a compressor by using electrical
energy from an electric power line or by expanding an incoming gas in an expander

by generating electrical enmergy to an electric power line such that involved heat
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heating value of hydrocarbon compounds. To achieve such beneficially
low usage of externally supplied electricity, the following 15 major internal
energy flows are implemented: From Fischer-Tropsch to RWGS, using
heat pump; From Fischer-Tropsch to the electrolyser, as condensation
heat of steam, if required; From Fischer-Tropsch to all process heat
uses; 20 From Fischer-Tropsch to the electrolyser, using residual heat for
electric power generation; From internal gas expanders-generators to

intgga qm%%%&@%%kﬁ”ﬂﬁ@&&%”@&@?’ liquid golars égnéigression or

internal gas/liquid heaters using phase conversion of working flui
Sy&teaakdideomy e garpmsitnatives In addition to using the FT reactor(s)

i1 eaRMEd-SMNgamINgJiquid IRl lqa0 P& ARIRPIRIPRT? ‘#é%e é?éﬂg ger or by

components of natural gas, methane. This can beaccomplished usin

catalyjsedirshdtion 30 ICa £3rikangeH aadk 20a(7ihm shidiion lotreramrioj¥ of the
hydrocahan SUDSIRGES rog Y L‘zﬁ% °
co%monly kn%gvn in the a%?%n%r%&sé?cp?g %?rrglc? em @é%ﬁ?ﬁ%ﬁ%ﬁ K of the
preBedipgaation, a plant can be located in proximity to natural gas fields,

whereifRKGIFRERRNAIKIdE. %Hg}g[gg ler CH4. In many gas wells, 42 WO
erm2006/09957 E’Cﬁl’/USfOO s?%lo there is substantial amount of carbon

d) iepugisgpeniaystarsdos gisesufehenbetie obset dontbiat ofshsgaseEhsing at least i);

RWEH, gqu e %5(% sed can in some inz%a ce be bypassed,

e)usin ag a %%fé‘%ga%ti(g% +§ﬁ-%e-%ﬁﬂil§]|3§3t( 3 Iuﬁ’this process,

1) sisnifrhenebgnits gbheatlme el eossitasin thébST prooess (Eetheasiromical energy
oxXi ) nversion takes.place at.approximately 300C., Two
B B A S B L S s
processes. The first is the Lurgi process, also known as the Camol

6. Tﬂé%%&ésscmguﬂsquh-g%?ns%goorﬁ% iésr tri;a%re of the gases,

i) ome, or both, of temperamre or pressure, is increased or decreased at least near
adiabati.caﬂy by compressing an incoming gas in a compressor by using electrical
energy from an electric power line or by expanding an incoming gas in an expander
by generating electrical epergy to an electric power line such that involved heat
energy is less than 10% of electrical energy used for compression or geperated from
expansion,

1i) pressure is increased or decreased at least near isothermally by compressing an
incoming gas in the compressor by using electrical emergy from an electric power
line or by expanding an incoming gas in the expander by generating electrical energy
10 an electric power line, and cooling the compressed gas by deiivering heat to a heat
distribution line or heating the expanded gas by taking heat from a heat distribution
line, such that the absolute temperature °K of the processed gas deviates less than
10% from the absolute temperature °K of the incoming gas;

wherein the following steps are performed:
d) changing temperature or pressure, or both, of one or more of the gases using at least i)
or ii); and
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methanol-to-gasoline (MTG) process. 10 While in the reverse water gas

shift reaction, carbon dioxide is reacted with hydrogen to produce carbon

monoxide and water, the Lurgi or Carnol process uses the same reactants

as the reverse water gas shift reaction with different catalysts and

reaction conditions to produce methanol. Thus, in another embodiment of

the present invention, the RWGS reaction can be substituted for the Lurgi

or Carnol process, being: 15 C02+3H22-> CH30H+H20 (9) The methanol
oPEfuaRd liomhis,teaction IR ERYEELIN A MT S ROGRSMN Aot ener

selectivity for lig %y rocarbons ?c[)l?mlng asis of gasoline. W/hleﬁl]e 2y

investtosrdinssbern diselesed trgithprefdired fezms, fonibbehiparkotioal energy

those skilled in the, art that many modifications, additions, and deletions .

ca e I B S T Al PR an LR By foporton
invehtheneintitsl equiegldotuas sefi fortting thep ©lleiing laipshdSwith using the

Claims:..1. ] ducing h b
S L e T

genermiinda mixtarg)dhatdealst hydrocarbon compounds from at least

carbon monoxide gas and the hydrogen gas; c) forming carbon monoxide

gas by using a portion of the hydrogen gas in combination with carbon
didzidergas; wherkimfoFminteafitheichrsorsoneneXide-ghausksditleaast lines pass
anhe re%eﬁse watgr as shift reaﬁtor;.an wherein the at least one reverse

R gas Shift reAttor s sUSPiad with A58 §&r CBFRurBREs g Working

water
thaid istStohehiodivetiboity oy delivigigohsar siothefearbog ghoxide gasstous state
carbon_manoxide gas..2. The process of Claim 1, further comprisin
A S i o o e o EEIG G O crchanger
energyroeiestitaefieigyoi ibe plosestiai GleimidnfuBECUN SN energy
separating at least some of steam gas in effluent gas from the at least
R LS EIEoF G Ao iGF L SRTBEEE oA SRS Aafapwnsream of
phedeas ©fctdajer 1, further comprising using at least two serially
connected reverse water gas shift reactors and separating steam gas
from effluent gas between the at least two reverse water gas shift

Areseiewsior producing hydrocarbon compounds comprising,

a) generating hydrogen gas from water and electrical energy;

b) generating a mixture of at least hydrocarbon compounds from at least carbon
monoxide gas and the hydrogen gas;

¢) forming carbon monoxide gas by using a portion of the hydrogen gas in combination
with carbon dioxide gas, wherein the forming of the carbon monoxide gas uses at
least one reverse water gas shift reactor; and

wherein at least a portion of carbon dioxide gas in the effluent gases from at least one

reverse water gas shift reactor is separated and returned to an input of at least one reverse

water gas shift reactor.

The process of Claim 8, wherein the carbon dioxide gas is separated by at least

condensation.
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5. The process of Claim 1, wherein for one or more gases i) one, or both,
of temperature or pressure, is increased or decreased at least near
adiabatically by compressing an incoming gas in a compressor by using
electrical energy from an electric power line or by expanding an incoming
gas in an expander by generating electrical energy to an electric power
line such that involved heat 44 energy is less than 10% of the electrical
energy used for the compression or generated from the expansion; ii)
mperature.is.increased.or decreased by delivering heat t eat
10, R, A R R AP DEcH AR SRt G e fom  mclear

redasolfte teymeesatn e Keaf thergyraceksattgasdayiates less than 10%
from the absolute temperature K of the incoming gas; wherein the
following steps are performed: d) changing temperature or pressure, or

11. Tethrefanednaie ®f thelgasemisishatstaasifhse)iChangidthe of steam gas in
giénéjeratur fon??or more the gases using at least ii); f) us(i%rg?the .
CEEE 5 AL A STRYTRG WEIERERS OGO hE B SadRBs -
generated using i) in at least step d) for use in i) using at least step d). 6.
The process qf Claim 1 wherein for one or more of the gases,_ |) one, or

12 pbih PEPSETH AL Or PFES U R RSSLERH r' et rds 8 A YeSutRaige reverse
water agHalhaticalytby eampEpSEiNteandNE0RaNG¢a STl Bea0 i SSEAEDY HSIAP least two

lectrical en f lectri li b di : .
T ey

: line such that involved heat energy is less than 10% of electrical energy
sed for compressigon or generated from expansion; ii) pressure is
13, TR ARSSES OF HATL st SEITASt B8 BIRErARATY by compressing an
incomsiNgrgBstl) HeieomRRSI0bbhtsigelecticataoergy taireard|eCciosgst near
power line or by expanding an ingoming gas in the expander b ) :
(ARSI CSTBRER S PR HEBHNE So0h in SO BRIFSKEIRY fiing electrical
CompRsSadaas bicielivesineg heat & aherbafisHioati gl ifengrdaeating expander

the expanded gas by taking heat from a heat distribution line, such that

thebgbgﬁﬁfﬁ%?}g? AL KOG A EESHF g RS TR VitRES veeh fgar, mygyed heat
froenéheyab el ta-ie Mpe radd sgekn@fdheniRe P MiBE BRTONMPRESIDENG generated from

following steps are performed:
expansion;
if) temperature is increased or decreased by delivering heat to a heat exchanger or by
taking heat from a heat exchanger such that the absolute temperature °K of the
processed gas deviates less than 10% from the absolute temperature °K of the
incoming gas;
wherein the following steps are performed:
d) changing temperature or pressure, or both, of one or more of the gases using at least i);
e) changing temperature of one or more the gases using at least ii); and

f) using the electric power line for transferring at least a portion of the electrical energy

geperated using i) in step d), for use in i) using at least step d).

14. 'The process of Claim &, wherein for one or more of the gases,
1) one, or both, of temperature or pressure, is increased or decreased at least near

adiabatically by compressing an incoming gas in a compressor by using electrical
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d) changing temperature or pressure, or both, of one or more of the gases
using at least i) or ii); and 45 e) using the electric power line for

transferring at least a portion of the electrical energy generated using i),
alone or together with at least a portion of the electrical energy generated
using ii), in step d), for use in i), alone or together with at least a portion of
the electrical energy for use in ii), using step d), alone or together with

using the heat distribution line for transferring at least a portion of the

heat generated. in i), in step d)..far use i }i‘gin tep.d). 7. The process of
Crant D B el SRR o B A o T B Chroancer
hedlyexeiranigeg sclortexehangigy heatmoeltvenm gievmrdinewdeleitha involved heat

working fluid of a h istribution line delivering heat or thermal energy js
T S e B0 e S Bl £ U HhelEa from
downstnemm of the heat exchanger or wherein a working fluid of a heat

distribution line taking,up heat or thermal energy _is in a liguid state :
AR oA ot h ARG A T & G Bolls BORE TR LA RTgressing an

theilnestiegchangeths conprsess for priadudngrhytroeaghofr@ompatiadsc power
comprising, -a) generating hydrogen gas from water and electrical energy:

o) UERePRic AR b B ROtB AT S BB A Stk perey to
carhgeiem_ﬁaqmderga&a?ﬁﬁthedzmmg@ncgﬁg_a:eeéef@t;gamgycaﬂi_@ﬁm@gewde a heat
gas by usin ortion of the rogen gas in_.comhination with carbon, = .
e v, e A L o Bk e < D disbution
leash@nenteV@isahyaieiogas shitbeeatier Bndiwhergincaisiepgha Hofien Ofss than
carbo# r%ioxide gas in the effluent gg%es from at least one reverse water

gas LHift PR A6 AR LBl eg At re far et S%SRTIPEERT at least one

rengise WaRioRmshiireasigerdbrii@process of Claim 8, wherein the
carbon dioxide gas is separated by at least condensation. 46 10. The

) PR R FACE o GBS BA P RS <t § 6 P AEP o it 3R Bsipe at least D

fropg &yuglear reactor for conversion of heat energy to electrical energy.

11. The process of Claim 8, further comprising separating at least some of
e)Hsing @gseiﬁcmc power line for transferring at least a portion of the electric energy

generated using 1), alone or togethef with at least a portion of the electrical energy
generated using i), in step d), for use in i), alone or together with at least a portion
of the electrical energy for use in ii), using step d), alone or together with using the
heat distribution line for transferring at least a portion of the heat generated in ii), in

step d), for use in 1i) in step d).

15. The process of Claim 14, wherein at least some of the heat distribution lines pass
through heat exchangers 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 of the heat exchanger and in a liquid state downstream of the heat exchanger
or wherein a working fluid of a heat distribution line taking up heat or thermal energy
is in a liguid state upstream of the heat exchanger and in a gaseous state downstream of

the heat exchanger.

16. A system for producing hydrocarbon compounds comprising,
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17.

18.

19.

20.

effluent gas of the at least one reverse water gas shift reactor by at least
condensation. 12. The process of Claim 8, further comprising using at

least two serially connected reverse water gas shift reactors and

separating steam gas from effluent gas between the at least two reverse

water gas shift reactors by at least condensation. 13. The process of

Claim 8, wherein for one or more gases, i) one, or both, of temperature or
pressure, is increased or decreased at least near adiabatically by

compressing an incoming gas in a compressor by using electrical energy
o BH EIEEFRETIBNRIITROZER B SeX BRI aRdriderting Gas#an
wXpanleridpy @anataling eleckiieabentrmaio RReREHSIPOWEFINRISSHEM at least
that involved heat energy is less than 10% the electrical energy used for
cofPPER RS Ay FORICERGSAnESN; ii) temperature is increased or
cslecregsest bydalivesiRecnerlbid AR ahesNanger OLENidRKIPGHCRI I8N cas in
a heat exchanger such that the absolute temperature K of the processed

gaSOTRRIPAERE ¥ TN &7 B WS h Easb SBRRES ¥ rifife rélir R dPTREDE the carbon

inGapHBE @RS el sdnsthmdolowingMieRs s emarfesmed .di changing

temperature or pressure, or both, of one or more of the gases using at

|HREn dyecHaligih e FRpRIRS TSt SHc Biftriorelanés guBBled Sivil &t st amount

lijrandinsing e elertHcRauesHBg N aBsieringRt 6AR R AP BBl e tioxide

electrical energy generated using i) in Step d), for use in i) using at least

SE8p 1§)CAROY MOPYSIIEsEABT Claim 8, wherein for one or more of the gases,

i) one, or both, of temperature or pressure, is increased or decreased at

least near adiabatically by compressing an incoming gas in a compressor
Ty sirrgetéSetraal o7 bdgg\chowriame e omic fsowentimens B ylempspminbeat from
2 HAINCOMING Has @e@&i@ﬁ%@gﬁ. by generating electrical energy to an

electric power line such that involved heat energy is less than 10% the

electrical energy used for compression or generated from expansion; ii)
TSR B AR T6, AR AT S IMIP 0 SOOI Nac some of steam

compressing an incoming gas in the compressor by using-elec fical
gamenrgytfisentageeldutnic howssr idhse, aebyeespsandirier agrinsliiimegagas iny at least
c&ge%%lger generating electrical energy to an electric power line, and

cooling the compressed gas by delivering heat to a heat

The system of Claim 16, further comprising at least two serially connected reverse water
gas shift reactors and at least ome umit for separating steam gas from effluent gas

between the at least two reverse water gas shift reactors.

The system of Claim 16, further comprising at least one unit for conditioning gas wherein

for one or more gases

i) one or both of temperature or pressure is increased or decreased at least mear
adiabatically by compressing an incoming gas in a unit for gas compression by using
electrical energy from an electric power line or by expanding an ipcoming gas in a
unit for gas expansion by generating electrical energy to an electric power line such
that involved heat energy is less than 10% of the electrical energy used for the

compression or generated from the expansion;
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distribution line, or heating the expanded gas by taking heat from a heat
distribution line, such that the absolute temperature K of the processed
gas deviates less than 10% from the absolute temperature K of the
incoming gas; wherein the following steps are performed: d) changing
temperature or pressure, or both, of one or more of the gases using at
least i) or ii); and e) using the electric power line for transferring at least a
portion of the electric energy generated using i), alone or together with at

iigastdaarianofilealestirakbensgy Wenengiedysing il nmsien Pniole unit or

use in g alone or together with at least a portion 0of the electrical energ

for YSBIE) heliAipBraent arehense wyesher wish thsinksthae tesmperature °K of the
disgribution:lings fofelransfe D easka RAHIoR LT, %&%1’&}%6‘&&5}5&%%1?9 B of the

ii), In step d), for use in ii) in step d). 15. The process of Cl
whiBESmAL|8a%t a9 me of the heat dlstrlbutlon lines pass through heat

&yexabangers i ?5?%9&9& %ﬁéerlng i a&%% L V}Sp%ro%ﬂ] gf%%kg}%ore of the

fluid of a heat distribution line de r thefmal'enérgy 1s'in a
gaSawssisRgat igpstrdam of the heat exchanger and in a liquid state

&) deAastream A 1ae Aealexeh @%ﬁ%‘ r b RETSI0Q WO r(l)(rlr!% u.?f&fa?eg? Hore of the

distribution line taking up heat ermal energy I1S’ina liq
upsassansiEtakleasatlexchanger and in a gaseous state downstream of

f HE%Q&%@&?&?'P Ehgr%%%x%tﬁ epcgﬁ ((:i)uec |ng£¥per cargsoeré Csozrﬂ] 9 egs it);
comprising, 48 a)au r generating rogen gas FoR Water ’
2) alclemric ane ridegyidoyevenitdo rfgetxenafmg@ rixease Db attien st Iﬁ;&jedmmmahenergy

Cco rban 1000 ide gas and.the. h as; (ég .
e WS R gl o
gas in combination with carbon dioxide gas, wherein the unit for forming

jﬁéﬂp Xig%%ﬁ?{' \)%9?&1%\/3% feas I’SE V\\@lie{‘cogas SA] gt reaﬁcg%%g wherein

wherein the at least one reverse water as Shift feactoris s
fowmhﬁaohama]ﬁﬁl@rﬁammdrogen gas than is stoichiometrically requwed

(SN AR, PO AL T e e
headififwticadin byl cammeastmgtenciectidabenergya unit for gas compression by using
electrical energy from an electric power line or by expanding an incoming gas in a
unit for gas expansion by generating electrical energy to an electric power line such
that involved heat energy is less than 10% of electrical energy used for compression
or generated from expansion;

ii) pressure is increased or decreased at least near isothermally by compressing an
incorning gas in a unit for gas compression by using electrical energy from an
electric power line or by expanding an incoming gas in a unit for gas expansionby
generating electrical energy to an electric power line, and cooling the compressed gas
by delivering heat 10 a heat distribution line or heating the expanded gas by taking
heat from a heat disiribution line, such that the absolute temperature °K of the
processed gas deviates less than 10% from the absoluie temperature °K of the
incoming gas;

d) at least one unit for increasing temperature or pressure, or both, of one or more of the

gases using at least i);
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22.

23.

18. The system of Claim 16, further comprising a unit for separating at
least some of steam gas in effluent gas from the at least one reverse
water gas shift reactor by at least condensation. 19. The system of Claim
16, further comprising at least two serially connected reverse water gas
shift reactors and at least one unit for separating steam gas from effluent
gas between the at least two reverse water gas shift reactors. 20. The
system of Claim 16, further comprising at least one unit for conditioning
e)ga%ﬁe\évs}%eorgeinugl O Ge Pl s %‘.é%saiQPOg‘ %rorrggé[{i]rg f 5erg &rat roeng rbr more of the
pressure IS incréased or Gecreased at least near adiaba |calf§/ By
conggseessing anlimenining gas in a unit for gas compression by using
electrical energy.from an.electric power line or, by expanding an incomin
D D o R L MRS T B BT AG S Ry Slpeied enersy
elegtrierpoivasiigei sudbnthat inyedwadwigate heigyqipdessihanidOtteck it energy
electrical energy used for the compression or. generated from the .
ST FETT iR 5" TR b ABHbr B o RS R v o
to &eheat eucthange teitetrcibydakirgovetirfiom a hbatexghangasynihsudhnit e),
that the absolute temperature K of the processed gas deviates less than
A RGNS HECho e b ARG CHE R 1 o8, ARy i fodbeast o
ongastidfarineraasingdermpenatie o Areastieairhoth,Of eneuss Mareifat least
the gases using at least i); e) at least one unit for decreasing temperature
or B g&?@‘,‘tg}'both, of one or more of the gases using at least i); f) at
least one unit for changing temperature of one or more the gases using at

least ii); g) at least one electric power line for transferri t least a portion
O W e G o EPRREHERfy o (PSRt GH i d R or
imbrtisheg: adlemsicenenits Uniteedin 24 ToAe SystenvOfksalignd Gifiiiglon lines pass
ggfraggasin at least one unit for conditio,nir:g)gas wherein for one Qr more

ag%%,?fdﬁafeoﬁs%ftrﬁxsﬁaﬁ?p&m DEBFOALERE bepfc Mo lisippl enerey.

degreasedvirigastmparcodmhatinalibhieonrerassiegiad BeORagk8aa hergy is
a unit for gas compression by using electrical energy from an electric

PO eFARENS % RBFty B PRfc ShRGT 6 46 3h SRRSO MGHS axpdRGdifwid state
ki ganesatingr IeCtHic ahGaaia I RIeCHAG PEWVRHHRSISHGRorking fluid of a heat

distribution line taking up heat or thermal energy is in a liquid state upstream of one or

more heat exchange units and in a gaseous state downstream of one or more heat

exchange units.

A system for producing hydrocarbon compounds comprising,

a) aunit for generating hydrogen gas from water and electrical energy;

b) a unit for geperating a mixmre of at least hydrocarbon compounds from at least
carbon monoxide gas and the hydrogen gas;

¢) a unit for forming carbon monoxide gas by using a portion of the hydrogen gas in
combination with carbon dioxide gas, wherein the unit for forming the carbon
monoxide gas is at least one reverse water gas shift reactor; and

at least one unit for separating gas wherein at least a portion of carbon dioxide gas in the

effluent gases from at least one reverse water gas shift reactor is separated and returned

to an input of at least one reverse water gas shift reactor.
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24.

25,

26.

27,

28.

that involved heat energy is less than 10% of electrical energy used for
compression or generated from expansion; ii) pressure is increased or
decreased at least near isothermally by compressing an incoming gas in
a unit for gas compression by using electrical energy from an electric
power line or by expanding an incoming gas in a unit for gas expansionby
generating electrical energy to an electric power line, and cooling the
compressed gas by delivering heat to a heat distribution line or heating
the expanded gas by taking heat from a heat distribution line, such that
the absolute temperature K of the processed gas deviates less than 10%
Therythembsoldis e Perakiredhpfithe iNcoioy @pshatdeasiepadifié carbon
for increasing temperature or pressure, or both, of one or more of the
R SRS EREET Y 56 1555k 1 Bnit for decreasing temperature
or pressure, or both, of one or more of the gases using at least i); f) at
least one electric power line for transferring at least a portion of the
TR Bt AR &G Pyth JHATRE GBI chEns, g ERET i Atifaskqme heat from
apRden efdbereleeltaal-angiggygenerated using i), in at least one of unit
d), for use in i), alone or together with at least a portion of the electrical
energy for use in ii), using at least one of unit €), alone or together with
TusiRging beatsistibutionine dofimansiatrngabrastiarRoionRhthe: least some
heat generated in ii), in at least one of unit d), for use in ii) in at least one
oh PR &l offiEeddenPbiie I Ainfas WEHpHERGT R SRhndiE Feagor by at least
~SisiliRytion lines and one or more heat exchange units wherein at least
some of the heat distribution lines pass through one or more heat
exchange units for exchanging heat or thermal energy, wherein a working

fioid of feheat BigtHPyiiondng dalivering RERLOL: REEMALCRSHIN SoiR&ted reverse

gaseous state upstream of one or more heat exchange units and in a
Iigjater SetehdbivasEambrol§ashORSOPRIh &N WRaHTFesINaNSs gis\iitareifilyent gas

werding, fuid:of AubealAistiRUlion ingiaking IR heakel herpalRREY is

in a liquid state upstream of one or more heat exchange units and in a
gaseous state downstream of one or more heat exchange units. 23. A

TR¥SIRIPhPEagE Y @Nﬂﬁ%%%}igﬂé‘Qp}yﬁgtsoﬁg'@ﬂ'ii%?%ondiﬁoning gas wherein

for one or more gases,

i) one, or both, of temperature or pressure, is increased or decreased at least near
adiabatically by compressing an incoming gas in a unit for gas compression by using
electrical energy from an electric power line, or by expanding an incoming gas in a
urit for gas expansion by generating electrical energy to an electric power line, such
that involved heat energy is less than 10% the electrical energy used for compression
or geperated from expansion;

ily temperature is increased or decreased by delivering heat to a heat exchange unit or
by taking heat from a heat exchange wunit such that the absolute temperature °K of the
processed gas deviates less than 10% from the absolute temperature °K of the
incoming gas;

d) at least one unit for increasing temperature or pressure, or both, of one or more of the

gases using at least i);
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a) a unit for generating hydrogen gas from water and electrical energy; b)
a unit for generating a mixture of at least hydrocarbon compounds from at
least carbon monoxide gas and the hydrogen gas; c) a unit for forming
carbon monoxide gas by using a portion of the hydrogen gas in
combination with carbon dioxide gas, wherein the unit for forming the
carbon monoxide gas is at least one reverse water gas shift reactor; and
at least one unit for separating gas wherein at least a portion of carbon
&IPS 98S NG, § U&?@ x%aé x%‘ﬂlr%té?%%&é%ﬂ?er%‘f%éﬁlw&t%g%? R of e
reactor is separate to an input of at feast oné reverse water
gagaseifusaer rless 24 The system of Claim 23, further comprising a unit

fg{ R E'rb%@%% chgzﬁgkﬁg't&? SSIPE 9RSS 2GR tsee%' QY3 aé at Jeast ii);

east con ensatlon syste Calm 3, further co prlsmg unit
forawhverting at least some heat from a nuclear reactor to electrical
ener " 2 The ste Ia|m 23?efurther mprlsln at Ie

WET 1 ITing at 107 f‘ f cal energy
for & para ng at tsome o eam ih e gaso

ongamzembwa@r)gawsmwemmﬁmtai)le‘iastumndemsatgm. Izist'blne of unit e).
system of Claim 23, further comprising using at least two serially
connected reverse water gas shift reactors and at least one unit for
29. TeepasstingSEane §as fucheettugnisgas abetweencatdedst toadiduaisg gas wherein
fwater as shift reactors by at least condensation. 28. The system of Claim
%30%%3% B Slﬁé &t least one unit for conditioning gas wherein for
xganenar merteogasas tt)np&mmfebethptﬁsmpeﬁam:E&ﬁeﬁreSSsﬂHﬁ;eﬁed at least near
incr &%&yﬁ creased at least near adlabatlcallﬁ com#éessm

inc Y IRIPTET e ColipTBEos by &MY 8?@@&&?0“ by using

froseanielecliieggoveinline Rehic ipasnding an cerMEigasan Rcomilipias in a
gas eannsmn b neratlngw ectrical ener to an electric gower line,

sudfhh F SR HEA e e t&‘t@s"étﬁ%{’r‘? TR b riefanaagyyer line such

useghioneARARSS efe@l deNekRde 109 exparsipRaiidierPPkRtTeriSompression
increased or decreased by delivering heat to a heat exchange unit or by

takih SHEHHO fHORSRESIE ange unit such that the absolute temperature
i ghrtbqurpracensedseasodeyiaiesiesathand Qkaframmeamsoiecompressing an

temperature K of the incoming gas;

incoming gas In a unit for gas compression by using electrical energy from an
electric power line, or by expanding an incoming gas in a umit for gas expansion
generating electrical energy to an electric power line, and cooling the compressed gas
by delivering heat to a heat distribution line, or heating the expanded gas by taking
heat from a heat distribution line, such that the absolute temperature °K of the
processed gas deviates less than 10% from the absolute temperature °K of the
incoming gas;

d) at least one unit for increasing temperature or pressure, or both, of one or more of the
gases using at least 1);

e) at least one unit for decreasing temperamre or pressure, or both, of one or more of the
gases using at least i);

f) using an electric power line for transferring at least a portion of the electric energy

generated using i), alone or together with at least a portion of the electrical energy
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d) at least one unit for increasing temperature or pressure, or both, of one
or more of the gases using at least i); 52 e) at least one unit for
decreasing temperature or pressure, or both, of one or more of the gases
using at least i); f) at least one unit for changing temperature of one or
more the gases using at least ii); and g) using an electric power line for
transferring at least a portion of the electrical energy generated using i) in
at least one of unit d), for use in i) using at least one of unit e). 29. The

SV%@&&%@&;{H&% f?ﬁtlil?feﬁ %P%{ﬁ% Lﬁa%g (G | dioraf??%ndlt'?nmgier with at

gas wherein for one or more of the gases, I) one, or emp ure
or M%@rt@m@feasedlmndedreae@r dotesst edD, adiapaticiellytyne of unit e),

CIoRHEeS L AU, CRS T WA LSRR SOM NI BRithe o teast a

electrical ene rom an electric power [ine or by expan ng an inco
ga@ﬂﬁt@nmﬁttﬁorl@%mpm’te@om by, ganeratisigoeke ofricat dhefoytgedn ii) in at least
ele&géc PR%YF@ line such that involved heat energy is less than 10% the
electrlcal energy used for compression or generated from expansion; ii)
pressure is increased or decreased at least near isothermally by

30. O?Hé%fs?éiﬂ%ﬁ'@??ﬁao%”%c%ﬁg?r 't f% as cqlmgr%%% nup nuﬁ e% and one or
electrical energy from an electric ower Ine, or yexpan INg an incoming
gastn heemmfdmggs ampanwhmle@emeﬂaﬁmgsemctmaﬂlenngdmmmentmmes pass

rﬁ%a oolln essed as b I|ve |n heat to a heat
ﬁlstl’l tion ﬁne gﬁﬁ %a ng ﬁ%e é%%a gegg |ng ‘l%eag)rlr’on%l £ mgtworkmg

distdbuitiarndaielisudivtivat ine ébisqﬁumegthmperamwaﬂﬁloéﬂdstgypmﬁesmeous staie
sdewat s less than 10% from the absolute temperature K f the
gotﬁ'?ﬁ% g%as d? aﬂeas]}1 or%1e un T mk(l:%reas‘lg}]g ter[% ecria%?% “{)I?%tg%ad?e()f oBe or
Gﬂ@@tﬂl{:ﬁﬁ @mﬁamgmmnﬁsoﬁthehgases ugirigmet faddtaf, € haitleastibintounibe taking
for eas e%qx erature or e, or both, of one or more of the

1]'é)ses using arféasty & usifly ﬁq@f CHBRGLET $hPRANEEIRGR cxchange
leaits angortiozatte siactdomnetgyn oenataieahosing i), aldnagr dagether

with at least a portion of the electrical energy 53
31. A process for producing hydrocarbon compounds comprising,

a) generating hydrogen gas from water;

b) generating a mixture of at least hydrocarbon compounds, some in gaseous form,
water steam gas from at least carbon monoxide gas and the hvdrogen gas;

wherein before or afier step b) one or more of the following steps are performed:

i} one, or both of temperature or pressure, is increased or decreased at least near
adiabatically by compressing an incoming gas in a compressor by using electrical
energy from an electric power line or by expanding an incoming gas in an expander
by generating electrical energy to an electric power line such that involved heat
energy is less than 10% of electrical energy used for compression or generated from
expansion;

ii) pressure is increased or decreased at least near isothermally by compressing an
incoming gas in the compressor by using electrical energy from an electric power
line or by expanding an incoming gas in the expander by generating electrical energy

to an electric power line, and cooling the compressed gas by delivering heat to a heat
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generated using ii), in at least one of unit d), for use in i), alone or together
with at least a portion of the electrical energy for use in ii), using at least
one of unit e), alone or together with using the heat distribution line for
transferring at least a portion of the heat generated in ii), in at least one of
unit d), for use in ii) in at least one of unit €). 30. The system of Claim 29,
comprising one or more heat distribution lines and one or more heat
exchange units wherein at least some of the heat distribution lines pass
through_heat exchange units for exchanging heat or thermal energy,

whEISHES08, KRRy OF herEPE et arae g6n W d¥ing dnml iRt ppear distribution

thermeal engrgvaisti agRIGLUS SRR nURStIcaN GbONSRLMP& @B iates less than
exchange units and in a liquid state downstream of one or more heat

excHiAJEThHE GPIHEFPHBMKR g FLABBE AeBIREIMBution line taking

Whefemmw@rmseﬂgwwe@ﬁquid state upstream of one or more heat
exchange units and in a gaseous state downstream of one or more heat

AR TREPSTATA S OF SE&NSHIB BERISHNE FPOHRrEb e JHMRgRREenerated by

- comsppsing w)Beneratinod)adiaganeas fiompater; b) generating a
mixture of at least hydrocarbon compounds, some in gaseous form, water

ds RS EES S TEPRAMER 8T FEFSUH MO GHde dhtarariam Hyaregis gas o be used in

whergin,befgre qnaftersieriP) one or more of the following steps are
performed: i) one, or both, of temperature or pressure, is increased or

€ HB%iAEa 3R AL TR RONCA El AP BRI BIRE B¥njsess S RpBEIPTheb i §lepision! energy
2 CORRIERROLMNLUSING Gle CIFIGak-BRETYr oM A8 8l SsSHFROMERY %?iee{daxl energy

expanding an incoming gas in an expander by generating electrica
endgptashusiaatie jevibldrse echitiBPobIved)héert wsadryj) istless or together

thap 0% pf.gleciinal.eReray usedfor compressign % aﬂg%ﬁ@f%&% of steps ¢)

expansion; ii) pressure is increased or decféased at least near
isotiedmalupyrsrapiessirigarninacbenhagt dagrihtiencinepiarsisarsisriising least a
elegtric tri er. i ' ingomi
T B b B e in
linezandessioegotheapsrapeesiied gas by delivering heat to a heat 54

distribution line or heating the expanded gas by taking heat from a heat
distribution line, such that the absolute temperature 'K of the processed

32. Tgasessisied lebsmhah Aotcronmpristigsaling seneperature o dibthiectrical energy
fbrllce%&?&)%?sséf water to generate the hydrogen gas and using at Jeast some of the heat

from a nuclear reactor for conversion of heat energy to electrical energy.

33.  The process of Claim 31, further comprising separating water steamn gas from gas
portion of the mixture of siep b) by at least condensation using at least one of i) or ii),
and using the electric power line for transferring at least a portion of the electrical
energy generated using i), alone or together with at least a portion of the electrical
energy generated using ii), for separating the water steam gas for use in i), alone or
together with at least a portion of the electrical energy for use in ii), for separating the

Waier stcam gas.
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wherein the following steps are performed: c) increasing temperature, or
changing pressure, or both, of the hydrogen generated by step a) to be
used in step b) using at least i) or u); d) changing temperature or
pressure, or both, of the carbon monoxide gas to be used in step b) using
at least i) or ii); e) using an electric power line for transferring at least a
portion of the electrical energy generated using i), alone or together with
at least a portion of the electrical energy generated using ii), in at least

- e of steps.c).pr d), foruse in i), alone or together with at least a portion .

4 G L iR R o B R R i =
portiogethie withrogingetherheahtintibutionhlicerfon ansderpng ableast e forming
O?%g%gr B}lhr% h%% enaergted usig "% in at least one of steps c) or d), for

use’in ||$ h AP TEAL RS 0§%stgprsec ) g)a_t%;zgalshs S of Claim 31,
further comprising using at least some of the electrical energy for

lectrolysis ater to.generate the hydrogen gas and using at least
35. T%g 508%/%8&{%%% én?%%ﬁcf@g?% r for conversion of heat energy to

felectiibdbeing iy b3arobke pioeess abf Bimr3iseluithes oo pviaiiQzas shift reactor;
eparating water steam gas from gas portion gf the mixture of step b) by .
5 RORGF T GO UG HERoBE) EmEPFP DT A UsihEFHRESEINERG Bes shif
rgupeeer line for transferring at least a portion of the electrical energy '
generated using i), along or together with at least a portion of the electrical
h>e%%P§¢5@%FT&F§%dP8§ﬁbifﬁ?f&rs%ﬁ%%fmag{ﬁé (AKch BRILAR fALRESRGEripal energy
1), aleie.eyd egriher Witheatlaastadonian afihe alesirical onergY-{0FHes energy

in i), for separating the water steamfas. 55 34. The process of Claim 31,

furérEF TSRS ForRiAb EaTh BRERE iEaE) s By (Mgt TBrifipnss ¢hdogether

hydragen gas ingenvinatinn Métiranhardipxidagasn whereln theforniidieps 1)
of the carbon monoxide gas uses a reverse water gas shift reactor. 35.

TheTprocHSROPICRARTS TiftHeT o Mip RshigLindbinad R donE Hyaient least a

gap@sidh SeBChiar HSRIMAI BVETSenVURiesIRASBILIGRAPE: @), for use in ii) in at
conditioning the carbon dioxide gas as in step d) for use in a reverse
watetshaeesiRteRsal BT 3 using the electric power line for transferring at

least a portion of the electrical energy generated using i), alone or

together with at least a portion of the electrical energy
36. A process for producing hydrocarbon compounds comprising

a) conditioning one or more gases by

i) increasing or decreasing ome, or both, of temperéture Or pressure, at least near
adiabatically by compressing an incoming gas in a compressor by using electrical
energy from an electric power line or by expanding an incoming gas in an expander
by generating electrical energy to am electric power line such that involved heat
energy is less than 10% of electrical energy used for compression or generated from
expansion; |

li} increasing or decreasing pressure at least near isothermally by compressing an
incoming gas in the compressor by using electrical energy from an electric power
line or by expanding an incoming gas in the expander by generating electrical energy
10 an electric power line, and cooling the compressed gas by delivering heat to a heat

distribution line or heating the expanded gas by taking heat from a heat distribution
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generated using ii), in at least one of steps f) or g), for use in i), alone or
together with at least a portion of the electrical energy for use in ii), in at
least one of steps f) or g), alone or together with using the heat
distribution line for transferring at least a portion of the heat generated in
ii), in at least one of steps f) or g), for use inii) in at least one of steps f) or
g). 36. A process for producing hydrocarbon compounds comprising a)
conditioning one or more gases by i) increasing or decreasing one, or

both, of temperature qr pressure, at least near. adiabatically b .

o T e e Rt B FCRE S A e Hillpss than
fronan felectiic polvkikdinenpelyexPRNcingesndoeegiggsgas in an

expander by generating electrical energy to an electric power line such

Ol SR VEIDE o HBE B &y Y PEAE TR B8 TRl b R 8 opand steam
COmPR@sSIon Gfagener ategldro RerRX Pansielel - iitkeasi Ty OhaeTIeasiNgeactors;

ressure at least near isothermally by compressing an incomjng gas in

S e b R e RS A

dbyhexpandirgpaninecsiinggas it expaEnteemumepneratingeleriga) or ii);
energy . to an electric power line, and cooling the compressed gas by .

&) JeiR G HEH 1o RPWER LA RILERBH IR S Ahd&eihg At ah s FirsEisg! enerey
takingdreat finmeaineabsistitytione b Glimearsiiah: thajoiieaBs et @lectrical energy
temperature K of the processed gas deviates less than 10% from the )
ab SR EIa e K BIRIFE-ITED MR Pglis ARG i dREsHy a Wik drdeatt a portion
hnyP&%@@Bﬁ;‘i@@%@?%ﬁ%@@ﬂﬁi}lW& rg), and steam gas using at

least two or more serial or parallel connected Fischer-Tropsch reactors;
C) separating at least the steam gas from effluent gas by at least

37. TERNIRRSAIQE: d)£RANGING ABBRETAIUERPr RIS SBIBe RTRYI O A8 0rs operate at

38.

effluent gas using at least i) or ii); ) using the electric power line for

ifEriere MR HRIBESL A PEAIR NGRSl (Ao o neings),

alone or together with at least a portion of the electrical energy generated

using ii), in step d), for use in i), alone or together with at least a portion of

The RaRSeCal RT3 oM DS 3 ST ig B BTabSIPAT STpRNEe S PR troveh

o ABRIRIBRHE SRS HRGH - ARSHLIRACIALS AREFAIL AL GRS of a heat

temperatures to create various proportions of jydrocarbon compounds.
dpg KPR ioee S6lofeORA A3 O ERaeIeESt b ie2ofatRetfedali SRR of the

nlDES PSRV WM 2 Liquid state downstream of the heat exchanger or wherein a

working fluid of a heat distribution line taking up heat or thermal energy is in a liquid
state upstream of the heat exchanger and in a gaseous state downstream of the heat

exchanger.

A process for producing hydrocarbon compounds comprising
a) generating hydrogen gas from water;
b) generating a mixture of at least hydrocarbon compounds, some in gaseous form,
water steam gas from at least carbon monoxide gas and the hydrogen gas;
wherein before or after step b) one or more of the following steps are performed:
i) ome, or both, of temperature or pressure, is increased or decreased at least near

adiabatically by compressing an incoming gas in a compressor by using electrical
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41.

heat exchangers 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 of the heat exchanger and in a liquid state
downstream of the heat exchanger or wherein a working fluid of a heat
distribution line taking up heat or thermal energy is in a liquid state -

upstream of the heat exchanger and in a gaseous state downstream of

the heat exchanger. 39. A process for producing hydrocarbon compounds
ComBISPA- A SEIRIANg Mdrogen A% MM RIS WD) ASRSIAUA S, 1y eypander

mixtur east on compo Some’in gase waté
stebyn ggasrhmy aldeashCareogy monexicdecgds anddhaibydsagiertgasnvolved heat

Whe{;!%}” before ol aftlegget%g one or more of tg foIIowinT% steps are dfr
per‘fornggdg iesosne,a%r th, of %Cmrf)ceraet%?lé%fl 5? sgﬁr%c,’q? FOR B Faperated trom
deergaseidmt least near adiabatically by compressing an.incoming gas in
.a compressor by.using electrical 57 energy.from an electric power line, or
By CRIS o B g bt A gt i P AL e or by
enesfingoimatefentiic aameelicteyngeckibat duolie dibasienengeianass K of the
than 10% the electrical energy used for compression or generated from,
e O R R
a heatexghaager or by taking heat from a heat exchanger such that the
absolyte temperature K of the processed gas deviates less than 10%
Ot BB SRR e T5R A B GFH6E" incoming gas; wherein the
dpliamiagstepsgrepesfMangink ¢heasing IMrResatyf ehOhel¥gNgenerated by
pressure, or both, of the hydrogen generated by step a) to be used in
steB) UdmBeHTREELR HE B PHT B A Gk EPErature or pressure, or

d)berthe GhihepEbairen gxeR #AIoNRM UsRdHE SIPRDeHRHR! 8asbibOfsed in
ii); €) using the electri¢c power line for transferring at least a portion of the

eletticR BHB#GY [Gsharatddusing i), alone or together with at least a
e)RRfHoRHRS e elegisivat anerdy Baneraiad Ueiagst)a Poridaast MR RLARRSeneray

c) or d), for use in i), alone or together with at least a portion of the

eleTAACRIShEFRR 5y Gl 0R) [9ReARIE 480136 l6RSt@pROETICHY @f the clectrical energy

generated using ii), in at least one of steps c) or d), for use in i), alone or together

with at least a portion of the electrical energy for use in ii), in at least one of steps ¢)

or d).
The process of Claim 39 further comprising using at least some of the electrical energy
for electrolysis of water to generate the hydrogen gas and using at least some of the heat

from a nuclear reactor for conversion of heat energy to electrical energy.

The process of Claim 39, further comprising separating water steam gas from gas

portion of the mixture of step b) by at least condensation using at least i) or ii), and using the

electric power line for transferring at least a portion of the electrical energy generated using i),

alone or together with at least a portion of the electrical energy generated using i), in step b},

for use in i), alone or together with at least a portion of the electrical energy for use in ii), in at

least one of steps c) or d).
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40. The process of Claim 39 further comprising using at least some of the
electrical energy for electrolysis of water to generate the hydrogen gas

and using at least some of the heat from a nuclear reactor for conversion

of heat energy to electrical energy. 41. The process of Claim 39, further
comprising separating water steam gas from gas portion of the mixture of .

step b) by at least condensation using at least i) or ii), and using the

electric power line for transferring at least a portion of the electrical energy
generated using i), alone or together with at least a portion of the

electrical energy generated using ii), in step b), for use in i), alone or

42. TRYeIBeswith atieast® Ferien @&ﬂgﬁﬁ@ﬂ&@ﬁﬁﬁg%ﬂ%éﬁ&ﬁ@ﬁdﬂd@, #8s3by using a

least one of steps c) or d). 58 42. The process of Claim 39, further _
PeSHRP RSy foYHRES T &AS R sRETREIItE N EL GATERyCIO BB ol hseein the forming
opysiegaRakinh eRl biRatien With-ea RRRedioxide gagwherein the forming

of the carbon monoxide gas uses a reverse water gas shift reactor. 43.

The process of Claim 42 further comprising, f) increasing temperature, or

43. TSRARGIRGsRIESSUIR 40T hRtay Qbthsfiydrogen gas generated by the step a)
using at least i) or ii) for use in the reverse water gas shift reactor; g)

%Ha?rﬁﬁ%ﬂﬂem@%@o%ﬁé%% BFBBHFE ot heBabfothe isdereemgas generated
usipg BE 1635t Qinl) alMebSINOINE) §IRGIE RANerdResfof taPSIRIing Alactor;

least a portion of the electrical energy generated using i), alone or
SrSBRNEER\RTARSIIBHSI Y PEIISICoPTHoBleolibal wHern i igEde reae gsirgry ipast D or

in qlt)!east one of steps c), d), f) or g), for use in i), alone or together with

at least a portion of the electrical energy for use in ii), in at least one of

hiskeps dheclentae gpwer. Jng foe dswnsdirpisd acingshgdroGinn o densfrstiend energy
comprising: fliGeNsitening,Pns.BMmmLR ALY D JEESASIRARY etectrical energy
decreasing one, or_both, of temperature or pressure, at least near
adigtsrdiaflyusingomprestimastnoic oinitapy as ida Bopapgasor wseusing alone or
elegiical, SRAIY L9 FISAUIE MRWRLLE 'Eeraloé ' i |
gas% anrexpander %]faggnerat(ijng electrica ené%r;[g%?t(g) qa%qgllgé?r{?é %%%v{géggt one of
linstepchitbt volgad heat energy is less than 10% of electrical energy
used for compression or generated from expansion; ii) increasing or
decreasing pressure at least near isothermally by compressing an
44. A process for producing hydrocarbon compounds comprising

a) conditioning one or more gases by

1) imcreasing or decreasing ome, or both, of temperawure or pressure, at least near
adiabatically by compressing an incoming gas in a compressor by using electrical
energy from an electric power line or by expanding an incoming gas in an expander
by generating electrical energy to an electric power line such that involved heat
energy is less than 10% of electrical energy used for compression or generated from
expansion;

il) increasing or decreasing pressure at least pear isothermally by compressing an
incoming gas in the compressor by using electrical energy from an electric power
line or by expanding an incoming gas in the expander by generating electrical energy
to an electric power line, and cooling the compressed gas by delivering heat to a heat

distribution line or heating the expanded gas by taking heat from a heat distribution
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45.

46,

incoming gas in the compressor by using electrical energy from an electric
power line or by expanding an incoming gas in the expander by
generating electrical energy to an electric power line, and cooling the
compressed gas by delivering heat to a heat distribution line or heating
the expanded gas by taking heat from a heat distribution 59 line, such
that the absolute temperature K of the processed gas deviates less than
10% from the absolute temperature K of the incoming gas; b) generating a

mixture of hydrocarbop compounds, some jn gaseous form, and steam

G T R G P B SRR BFpa sl Lo RHaGREPd 285 deviates less than
Fischer-fFoapaahateetior nflesepes 2D gfabicasbiiasieam gas from

bEffluent as by at least condensation; d) changing temperature or

SR8 H SIS SHEERAGIE GERRPLEASasPOr M) RO fTAe and steam
eleglsigsparnéne fob tansiesriegAldepatadedionatda elrstieabeMerditiors;
Cgenerate,d using i), alone or together with at least a portion of the electrical

neRAAGRRAAatF S FAT SRS R OIEnE 8an 7Y, HdrAS SRS BtREA ith
dplenshe Reftonnaktbe miecticabeBenlyoiohb Skt khsepnd)adieast Meor i)

process of Claim 44, wherein at least two Fischer-Tropsch reactors

ClopErsE G ARTEreP Wi PBF o S s TERE A dFR S UPBRISh & Erelectrical energy

hydraeaskaneaiBnpURdse 48 DRy mitarRrRAUCINBIEROSRRORIectrical energy
compounds comprising, a) a unit for generating hydrogen gas from water;

b) SRR Jemeriting FmAUrEHIAE Ba8: Al CAKSHRIMEBLAGIsast 2 portion

SOIBEHR GREBAUS Qi Py \f@tgges;g@gﬂggéﬁrgm at least carbon monoxide
gas and the hydrogen gas; c) at least one unit for conditioning gas

wherein for one or more gases, i) one, or both, of temperature or

TRESRHERsISIPAreased.or dagreased %Q@%@%scﬂ@%@@ﬂ}’r@&tors operate at

compressing an incoming gas in a compressor by using electrical energy
AT SRR IR CTPRICOTABIP e PEFIETI B h BYPRAsET BeR ¢arapounds.

expander by generating electrical energy to an electric power line such

that involved heat energ%y is less than 10% of electrical energy used for

AcBYisFR J8ToH HFGEIRAEEAREIPN ERPEIGYRSIS, SHIPPESEIe is increased or

agegqgﬁntsgg Q&ﬁ@?ﬁlﬂm(j gg@@@y@g@ppressing an incoming_gas in

the compressor by using electrical energy from an electric power line or

Db ARk ARirfEF RATAHBS i A GHS il thele3gd dercBbgR rerbngdfeceraalin gaseous

engrgy., iR &b%&rgap%ﬁ{ AR @nd 5801 1GHINE ROMPIGISRE HAS D% gas;

delivering heat to a heat

¢) at least one unit for conditioning gas wherein for one or more gases,

i)  ome, or both, of temperatire or pressure, is increased or decreased at least near
adiabatically by compressing an incoming gas in a compr'essor by using electrical
energy from an electric power line or by expanding an incoming gas in an expander
by generating electrical epergy to an electric power line such that involved heat
energy is less than 10% of electrical energy used for compression or generated from
expansion;

ii) pressure is increased or decreased at least near isothermally by compressing an
incoming gas in the compressor by using electrical energy from an electric power
line or by expanding an incoming gas in the expander by generating electrical energy
to an electric power line, and cooling the compressed gas by delivering heat to a heat

distribution line or heating the expanded gas by taking heat from a heat distribution
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47.

48,

49,

distribution line or heating the expanded gas by taking heat from a heat
distribution 60 line, such that the absolute temperature K of the

processed gas deviates less than 10% from the absolute temperature K

of the incoming gas; d) at least one unit for increasing temperature, or

changing pressure, or both, of the hydrogen generated by unit a) to be

used in unit b) using at least i) or ii); e) at least one unit for changing
temperature or pressure, or both, of the carbon monoxide gas to be used

in ynit b) usi tleast i).0r ii); f) an electric pawer line for transferring at

least & égcf:ﬁo'{nﬂ%a ee%segé fgleca)ltf:éﬁg%%lr%erl‘?eroa%etge ug"fﬂffl ,eglcgﬁ% (C{)?w es less than
togilife frwithilat ¥basihnee pertimmanith & 18 kefCtiic ahemaiigy egenerated using i),

in at least one of. units d) or e), for use in i), alone,or together with at |east
g gt e L A S N S
e), laldrear tegatited WithnisigatkaatdisiibutiDnuing: far ansfenriig at
least a_ portion af the heat generated using ii), in at least one. of unit_d) or .
et LQ 3T 197 STABERS EBF LI 4 P50 POl ot i P monoride
46 ghsrther anadpinsing a)uniniordiansfBrang)ysing at least some of the
electrjcal energy to.a unjt for electrolysis of water to generate the .
D R A R S P et oF BB Pt RS S AL R HEatieGiica! enerey
nuglearigdcteio $/edtirabenargyed Svilthe: Systen eiabunr4fe feldhieical energy
comprising. at [east one unit for separating water steam gas from gas

poRIBBIthaS s e BrANRA) BYF a2 SHEBBhaE fsatntiiflytht 1Rk Bhipgether

of iy ik}, lend Upbaian elesd ignemer inerlor fsanstering At deaska Rt d)
of the electrical energy generated using i), alone or together with at least

a pUrfon TR " dRETIERI G RS h BFatetI TR AR, IadRe et asiaRg, at least 2
for separadingdhrwaleksiRamsiaasi fomnusadik omlaraust [9osthaer Mithatin i) in
least a portion of the electrical energy for use in ii), in at least one unit for
sephrAMIhOVIRE De5M gas. 49. The system of Claim 46, further
comprising at least one unit for forming carbon monoxide gas by using a

ortion of the hydrogen gas in combination with carbon dioxide 61 gas,

SYERTRP IS8 u RS EPRIRTE b L EO P TEHIRI gy isfelveiseome of
tvBEERS ShifbieRcianP Por NEREHRE Of Ghalmd dbther FORRHSHY. ), and a

at least one unit for conditioning the hydrogen gas as in step d) for use In
ugit &jorerverting at least some of the heat from a nuclear reactor to electrical energy.

The system of Claim 46, further comprising at least one unit for separating water steam
gas from gas portion of the mixture of unit b) by at least condensation using at least one
of i) or ii), and using an electric power line for transferring at least a portion of the
electrical epergy generated using i), alome or together with at least a portion of the
electrical energy generated using ii), in at least one unit for separating the water steam
gas, for use in 1), alone or together with at least a portion of the electrical energy for

use in ii), in at least ope umnit for separating the water steam gas.

The system of Claim 46, further comprising at least ome unit for forming carbon

monoxide gas by using a portion of the hydrogen gas in combination with carbon dioxide
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51.

water gas shift reactor; h) at least one unit for conditioning the carbon
dioxide gas as in step e) for use in a reverse water gas shift reactor; j) an
electric power line for transferring at least a portion of the electrical energy
generated using i), alone or together with at least a portion of the electrical
energy generated using ii), in at least one of units g) or h), for use in i),
alone or together with at least a portion of the electrical energy for use in
ii), in at least one of units g) or h), alone or together with using the heat

b et g U o e (TR
in at [east one of units géor%rfmfuog use’nin) inat least ne of UnIts'g) 0 g
shift5¢acosystem for producing hydrocarbon compounds comprising a) at

least two units for generating a mixture of hydrocarbon compounds, some

in gaseous form, and steam gas wherein at least two units are serial or

Ther sitetnrofi Mdated ¥ iSotter Toagsdiingactors; b) at least one unit for

e ratrn at least the s gas from effluent as b at least .
gzodr%Zensa fon-¢) Sftﬁézgé',fra%lrloejluﬁrtt?gr %%68 osrl?ﬂgéefaﬁélég B §) Feverse
wacnegsingifirrewcoeasing one, or both, of temperature or pressure, at least

ar adrabatrcally compressing an incomi s in a unit for ga
S ISLaTER Byl g Ao G5 RO A SECHRE Boier TR gy wse i a
rexpandingrapdnadinieggas in a unrt for gas expansion by generating
electical ener to an e%ectrr%%gwer line such that involved heat energ

D& sEHER 16 /erof B8 i f BT Egs 8l 167 ofn BRSESRL P othﬁeﬁ]@Fgﬁéal cnergy

frogeRuRASIGNES, MY RRSIDE O HRGIBARINEAT aSsetitoat Je A BRRfrical energy
isothermally by compressing an mcomrlﬁ% gas in_a unit for gas

cofPIEEKB RS g e R CHrEhIBR &gy HNS 2 Beéﬂrcuﬁwru)r.ﬁéoar fgy together

expaitingeas NeemiifogabeRiadknthiomneas euPARS BNY iDSNesatiBge of units g)
electt@al energy to an electric power line, and cooling the compressed

ga™ B FUAGR AR P RERIPTS AR St S b H ST BRI 4R Fh BARF A gt least a
gagdinisakinehd et iemrabeat distibutirhslinge B1ahRaY IBLHPIIUR in if) in at

temperature K of the processed gas deviates less than 10% from the

abSHEhENR AL PR 1B the incoming gas;

A system for producing hydrocarbon compounds comprising

aj at least two units for gemerating a mixture of hydrocarbon compounds, some in
gaseous form, and steam gas wherein at least two units are serial or parallel
connected Fischer-Tropsch reactors;

b) at least one umit for separating art least the steam gas from effluent gas by at least
condensation:

¢) at least one unit for conditioning one or more gases by

i} increasing or decreasing ome, or both, of temperature or pressure, at least near
adiabatically by compressing an incoming gas in 2 unit for gas compression by using
electrical energy from an electric power line or by expanding an incoming gas in a
unit for gas expansion by generating electrical energy to an electric power line such
that mvolved heat energy is less than 10% of electrical energy used for compression

or generated from expansion;
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d) an electric power line for transferring at least a portion of the electrical

energy generated using i), alone or together with at least a portion of the

electrical energy generated using ii), in at least one of unit c), for use in i),

alone or together with at least a portion of the electrical energy for use in

ii), in at least one of unit c). 52. The system of Claim 51, wherein at least

two Fischer-Tropsch reactors operate at different temperatures to create

various proportions of hydrocarbon compounds. 53. The system of Claim
fRRRING oBE AL eeaLisUPIIG HaF® RBAARRAY " i

1ze%gc_hang_eiﬁénitsr vyhgrea:n a%l ast some O}?%EQ eat §istrl utlo# Iri%%s%ggggéssmg an

throlefgie 588 o heiatiex chringetupiitssion exchamgnegduesicdr thergyafrom an

eneiXeEiEl SO0 U Ahe he S URn e el YEr B8 N Rlnsion by

or thermal'energy is in a gaseous state upstreant of one or more*hea

exciransing itk andaheadigith statdedtiensiveartinf, and crolingréibeatmpressed gas

exghange ' rei orki .flui(i. of a heat distribution line,taki .

o Mose R B R R S R TR Sy

hedtakdhange bedtsdmnubiniangfiseousStateadoienstredueofcame armorel. of the

heat exchange units. 54. A system ﬁn roducing hydrgcarbon compouny

comheas g’ etes TR R AT SHaT S RO SR 55 or e

genecatimpemixture of at least hydrocarbon compounds, some in

aseous, form, water steam gas from at least carbon monoxide gas and

R P ) R SRS g o O cmBron cnerey

ongercnee gases), xnme, ar batthaf tarhperiiseaos@tRIsUrehis electrical energy

increase(g qr decreased atileast near. adia at'callli?/ b}/ ngrré[})ressin an ,

incSRATE Tas iR Unittdl 8 B SPeLBIb T by TG "B ARAF ddhgyther with at

froeanepective powerlnerici kyaxpaoding anincantigagasna ¢ witdor

gas expansion by generating electrical energy to an electric power line,

such that involved heat energy is less than 10% the electrical energy

52. TusedyinenooTp@SBEIOT 10 ganeratad feam expansichuriiepeEeradkeRIs operate at

53,

4.

increased or decreased by delivering heat to a heat exchange unit or by
ARG EPRRITS I8 STESE ARG IR RSTERTH A NS SEEHEo RS e

K of the processed gas deviates less than 10% from the absolute
temgeratur K of the incoming gas; d) at least one unit for increasin

éﬁfé’eu?g CSPEh AR R Brsis AR THRME S i brsianigen ép&?@aeugx more
hetfitea}ienbe used Whereih )} usingsateastheOtidhk distribution lines pass through one

or more heat exchange units 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 of cne or more heat exchange units and in a Hauid state downstream of one or
more heat.exchange units or wherein a working fluid of a heat distribution line taking up
heat or thermal energy is in 2 liquid state upstream of one or more heat exchange units -

and in a gaseous state downstream of one or more heat exchange units.

A system for producing hydrocarbon compounds comprising

a) aunit for generating hydrogen gas from water;

. b) a unit for generating a mixmre of at least hydrocarbon compounds, some in gaseous

form, water steam gas from at least carbon monoxide gas and the hydrogen gas;
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e) at least one unit for changing temperature or pressure, or both, of the
carbon monoxide gas to be used in unit b) using at least i) or ii); f) an
electric power line for transferring at least a portion of the electrical energy
generated using i), alone or together with at least a portion of the electrical
energy generated using ii), in at least one of units d) or e), for use in i),
alone or together with at least a portion of the electrical energy for use in
ii), in at least one of units d) or e). 55. The system of Claim 54 further
omprising. a unit for transferring at least some of the electrical energy for
T st s AP 25 PR 105 PSR 685%ind & uni
ifor @envertinghat déastrpermenel trepieatfignisaintietsad repciarrtaeteciricals: near
energy. ?.6. ]’h\%éslgstem of, Claim 54, further comprising at least one unit )
for SEPEPATING WatPRENPGAL HERTYMS HoriibA BRh TR ABIGHE) by using
by dtdedst coredgnsainniisiegmtt gastd)1atkl)oranddipingiag eleaitiéming gas in a
power line for transferring at least a portion of the electrical energy .
e A s e R T S
energyigenerated Gheuging Bsdenisean iihalkpecdogriber il Rk Ieasbression
a portion of the electrical energy for use in ii), in at least one of unit d) or

e). B PHEEYJIOM GERRRHTS4, further comprising at least one unit for
ifpreameeeateons Morexddepasdhyueingyadeaiion e RydragRngaside unit or

combination with carbon dioxide gas, wherein the at least one unit for

forPiNg R e Bh otk BARER et Bh dhsr 2 Brodush iR egERBI S 8K of the

Thersysiem eh{@dmabet fudhensonMorsing) Bt 198shiane WRibitiure °K of the

increasing temperature, or changing pressure, or both, of the hydrogen

gaZg¥RERa&ES by the unit a) using at least i) or ii) for use in the reverse
dvateregassliftiaarionhe-aliigasape sitios ChARMING ISPIRRIRIULS 8bth, of the
_ pressure, or both, of the carbon dioxide gas using at least i) or ii};j) an

el AR PYr HAR Y i gt fed 48 AHbRIGHIBE tidar dirialisnergy
egenelaiad yeingal). alenaidogetbanuith,at |8§§§1%sl§9{$i,0%Pf%@,elﬁc%f%akarbon

energy generated using ii), in at least one of units d), e), g) or h), for use

in B%%_@eo%aﬁté@@ﬂw@e%% lﬁﬁiééé%sénﬁd\*ti]@ﬁs‘éﬁ)tﬁé Blectrical energy for
1138 IRIRRALIRAS 0B Al YRS Bbrfls B Ofell: a portion of the electrical energy

generated using 1), alone or together with at least a portion of the electrical energy

generated using Iii), in at least one of units d) or €), for use in i), alone or together
with at least a portion of the electrical energy for use in ii), in at least one of units d)

or e).
The system of Claim 54 further comprising a unit for transferring at least some of the
electrical energy for to a unit for electrolysis of water to generate the hydrogen gas, and a

unit for converting at least some of the heat from a nuclear reactor to electrical energy.

The system of Claim 54, further comprising at least one unit for separating water steam

gas from gas portion of the mixture of unit b) by at least condensation using at least i) or ii),

and using an electric power line for transferring at least a portion of the electrical energy

generated using 1), alone or together with at least a portion of the electrical energy generated
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59. A system for producing hydrocarbon compounds comprising at least
the following units: a) at least two units for generating a mixture of
hydrocarbon compounds, some in gaseous form, and steam gas wherein
at least two units are serial or parallel connected Fischer-Tropsch
reactors; b) at least one unit for separating at least the steam gas from
effluent gas by at least condensation; c) at least one unit for conditioning
one or more gases by i) increasing or decreasing one, or both, of

using ilfﬁ @&e&gél%eij F R0RR 3 T Igra %[i ooy lf%ds{abagzgtal}:l)l (t))g/ gﬁg i rt%?cizlp 9.2 for use
Ifcoming gas’in a Unit forgas compressmnab using électricd energg}’
in i), ifranicast electicpowieotieg or by expanding an incoming gas in a unit for

gas expansion by generating electrical energy to an electric power line

such that involved heat energy is less than 10% of electrical energy used

57. Tier epswptessidllaon giherfatedfropigxpansian; lhdincseasing dor forming carbon
decreasing pressure at least near isothermally by compressing a ..
G T B IOT GA EOHF BT ot P BRI G i
g& velestticthoweklinene byiekpahdingahincaminchgastiia griifor §asrse water
expapsion by generating electrical energy to an electric power line, and
g%,so%ﬁﬁgr?ﬁ‘ét ompressed gas by delivering heat to a heat distribution line
or heating the expanded gas by taking heat from a heat distribution line,
uch that the absolute temperature K of the processed gas deviates less
T%ﬁ%%%&%%&@%%@%re K of the incoming gas; e) an
sflectdesponerdine for trersioringmbieasta Partianiiheeleslricabensrgy of the
generated using i), alone or together with at least a portion of the electrical

enBYJPHEERETIGE 7Y, MGEMLS SEBALRS, HoPuds ifriysg dhalis reverse

togethergaitihat Jeassa portion of the electrical energy for use in i), in at
least one of unit ¢). 60. The system of Claim 59, wherein at least two

1) Bisla9et- a0 Jth e SRS Bp STRRS AR TeT SHE 1 D ePRPRES f dhedterbon dioxide

vapioUssIHOROTEARS) Q- hyidrocarbon compounds. 61. A process for
_producing hydrocarbon compounds comprising, a) generatiggﬁhydrogen

1) g8s Hestiiytew ahdisfe St cHRBHEFGPLL g dbnstainBPoationx efrlisr slaeaal energy
hyskacarbe 688 RO WIS iR b addeaskedrap feananexicdeP8p &RdiR8rical energy

hydrogen gas;, )
generated using 1), in at least one of units d), e), g} or h), for use in i), alone or

58.

together with at least a portion of the electrical energy for use in ii),"’ih at least one of

units d), e), g) or h).

59. A system for producing hydrocarbon compounds comprising at least the following units:

a) at least two units for generating a mixture of hydrocarbon compounds, some in
gaseous form, and steam gas wherein at least two units are serial or parallel
connected Fischer-Tropsch reactors;

b) at least one unit for separating at least the steam gas from effluent gas by at least
condensation; '

¢) at least one unit for conditioning one or more gases by

i) increasing or decreasing ome, or both, of temperature or pressure, at least near

adiabatically by compressing an incoming gas in a unit for gas compression by using
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wherein the hydrogen gas is generated by a water electrolyzer, wherein
electrical energy supply to the electrolyzer comprises a rectifier
connected to a multiphase electric power supply having more than three
phases. 62. The process of Claim 61, wherein the multiphase electric
power supply uses one or more phase shifting transformers between a
three phase electric energy supply and the rectifier. 66 63. The process of
Claim 62, further comprising and using at least some of the heat from a

nuclear reactor for conversion of heat engrqy to electrical.energy to the .
o e Bt E B o S AT A HolY 5P BUGE A meoming gas o o
hyardcésbgascarppoinds ceenprising cicaridnit dasgenerating:Rydrogedr line such
B0 e a Al A AR RRS A s
theohygdiegrrigasinvehesaiiciie hydrogen gas is generated by a water

ilg?)le_ctrol zes, wherein electrical ener%msuppl to the electrglyzer

oMpTiERLS UctifErasite SIS thdfish ISOHETBRRE  DEuppRpressing an
hastiogameresthamitramphRsessEoofbraiseBOLGINREdrMct i dherom an

multiphase electric power supply.uses qQne or. more phase shifting

traR ST SRMSENRSe AT oD% FEBTH e A0 BB e gy SUBpRHALer 8RS expansion by

reciifierarf, cltieraystensrol ¢JaimeRRuldHier e amerisiad ahehy sHG:ahpressed gas
least some of the heat from a nuclear reactor for conversion of heat

en8¥gielo eTarhest dicr o dstrirrderplins or distting e ffpassagas Py taking

A PEQEESEHORPHRAUERE BYEFaCaHRONEAMPALNAS GBEBRIIS REnAdrature °K of the
generating hydr(;gen gas from water and electrical energy; b) generatln?(a -
fK of the

miRIeRE bt I8 S it oMed B GufeaiBianhsaiite HerReTAgHE at
qug&ggﬁgg%gppnoxide gas and the hydrogen gas; c¢) forming carbon
monoxide gas by using a portion of the hydrogen gas in combination with

©) cabBIS EREXiBevFas it dRBiritanedaiag \watkAiad JMTtiRsactis (Wedrienl energy
form dharcARARE: MORRES Has:aRd WhersimaleaS AR ienRf thRrrical energy

thermal energy Is transferred to the reverse water gas shift reactor. 67 68.
TheeprsiedSGRE AImB 7! Gk OPe S BRBIAY AaBepOhpitgTsreEdeseiber with at

trapsfe RI-AGAbT the electrical energy for use in ii), in at least one of unit ¢).

60. The system of Claim 59, wherein at least two Fischer-Tropsch reactors operate at

different temperatures to create various proportions of hydrocarbon compounds.

61. A process for producing hydrocarbon compounds comprising,
a) generating hydrogen gas from water and electrical energy;
b) ‘generating a mixture of at least hydrocarbon compounds from at least carbon
monoxide gas and the hydrogen gas;
wherein the hydrogen gas is generated by a water electrolyzer, wherein electrical energy
supply to the electrolyzer comprises a rectifier connected to a multiphase electric power

supply having more than three phases.

62. The process of Claim 61, wherein the multiphase electric power supply uses one or more

phase shifting transformers between a three phase electric energy supply and the rectifier.
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63.

64.

from a portion of the thermal energy to provide at least a portion of heat
required by the reverse water gas shift reactor. 69. The process of Claim
67, further comprising using at least some of the heat from a nuclear
reactor for conversion of heat energy to electrical energy. 70. A process
for producing hydrocarbon compounds comprising a) generating hydrogen
gas from water using a water electrolyzer; b) generating a mixture of at
least hydrocarbon compounds and thermal energy from at least carbon
monoxide gas and the hydrogen gas; c) converting at least a portion of the
thermal energy into electrical energy; wherein at least some of the

TeleciicatLoLUyita Sapptiaddo dhapyries alerahz af. iéds Kogoreressehit from a
I%jm 70 wherein a portion of the thermal ener%y from step c) is used to

C v
TN R Wt THOTL IR R LTS8 PhElSsTEcab SHTE al g three phase

ewb@[@lﬁl@f@ogﬁpﬂpf the electrical energy supplied to the electrolyzer is
combined with additional electric energy generated by using at least some

of the heat from a nuclear reactor for conversion of heat energy to
felsctacalenesaiecink @RISR REBOHEI G dEFREATbON compounds
comprising a) a unit for generating hydrogen gas from water and electrical
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635,

66,

67.

shift reactor; and 68 at t one unit for transferring at least a portion of
SERElthEr il derargly TeTtvempvises e ety Lonpified detarmpitipinsesslegstic power

s@é@%@iﬁéxﬂé@@faﬁ%@é?ﬁﬁe@t least one heat pump for transferring

heat froma portion of the thermal energy to provide at least a portion of
heat required by the reverse water gas shift reactor. 75. The system of

TSN, s L OTRIRG SR RINEASLOBRUAL I ANRHIDY LIS r more

some of the heat from a nuclear reactor to electrical energy. A system
phesppbttiemayiroaerbbervernolifs hosspleticanar anisdoplyemdriting ctifier.

hydrogen gas from water wherein the unit is a water '
The system of Claim 65, further comprising and using at least some of the heat from a

nuclear reactor for conversion of heat epergy to electrical energy to the three phase

electric energy supply.

A process for producing hydrocarbon compounds comprising

a) generating hydrogen gas from water and electrical energy;

b) generating a mixmnire (ﬁ' at least hydrocarbon compounds and thermal energy from at
least carbon monoxide gas and the hydrogen gas;

¢) forming carbon monoxide gas by using a portion of the hydrogen gas in combination
with carbon dioxide gas, wherein a reverse water gas shift reactor is used to form the

carbon monoxide gas; and

wherein at least a portion of the thermal energy is transferred to the reverse water gas shift

reactor.
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68.

69.

70.

electrolyzer; b) a unit for generating a mixture of at least hydrocarbon

compounds and thermal energy from at least carbon monoxide gas and

the hydrogen gas; c) a unit for converting at least a portion of the thermal

energy into electrical energy; wherein at least some of the electrical

energy is supplied to the water electrolyzer. 77. The system of Claim 76,

further comprising a unit for transferring heat wherein a portion of the

thermal energy from unit c) is used to heat incoming water to the

electrolyzer. 78. The system of Claim 76, further comprising a unit for

providing electricity wherein a portion of the electrical energy supplied to

ThegliretobfzChinmoemhireervebhpdsitio nale#|pathisinproyegengratamosring heat

usm at Ieas(a?ome of the heat from a nucflear reactor for conyersion of
éﬁ’g&?ﬁfgﬁ%ﬁé‘fﬁ@' &g provide at least a portion of heat required by the

reverse water gas shift reactor.

The process of Claim 67, further comprising using at least some of the heat from a

nuclear reactor for conversion of heat energy to electrical energy.

A process for producing hydrocarbon compounds comprising

a) generating hydrogen gas from water using a water electrolyzer;

b) generating a mixture of at least hydrocarbon compounds and thermal energy from at
least carbon monoxide gas and the hydrogen gas;

¢) converting at least a portion of the thermal energy into electrical energy;

wherein at [east some of the electrical energy is supplied to the water electrolyzer.

71.

72.

The process of Claim 70 wherein a portion' of the thermal energy from step c) is used to

heat incoming water to the electrolyzer.

The process of Claim 70 wherein a portion of the electrical energy supplied to the
electrolyzer is combined with additional electric energy generated by using at least some

of the heat from a nuclear reactor for conversion of heat energy to electrical energy.

A system for producing hydrocarbon compounds comprising

a) a unit for generating hydrogen gas from water and electrical energy;

b) aunit for generating a mixture of at least hydrocarbon compounds and thermal energy
from at least carbon monoxide gas and the hydrogen gas;

c) a unit for forming carbon monoxide gas by using a portion of the hydrogen gas in
combination with carbon dioxide gas, wherein the unit for forming carbon monoxide

gas is a reverse water gas shift reactor; and
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at least one umit for transferring at least a portion of the thermal energy 1o the reverse water

74.

75.

76.

gas shift reactor.

The system of Claim 73, further comprising at least one heat pump for transferring heat
from a portion of the thermal energy to provide at least a portion of heat required by the

reverse water gas shift reactor.

The system of Claim 73, further comprising using at least one unit for converting at least

some of the heat from a nuclear reactor 1o electrical energy.

A system for producing hydrocarbon compounds comprising

a} a umit for generating hydrogen gas from water wherein the unit is a water
electrolyzer;

b) a unit for generating a mixture of at least hydrocarbon compounds and thermal energy
from at least carbon monoxide gas and the hydrogen gas;

¢) a unit for converting at least a portion of the thermal energy into electrical energy;

wherein at least some of the electrical energy is supplied to the water electrolyzer.

7.

78.

The system of Claim 76, further comprising a unit for transferring heat wherein a portion

of the thermal energy from unit c) is used to heat incoming water to the electrolyzer.

The system of Claim 76, further comprising a unit for providing electricity wherein a
portion of the electrical energy supplied to the electrolyzer is combined with additional
electric energy generated by using at least some of the heat from a nuclear reactor for

conversion of heat energy to electrical energy.
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