WD 2011/ 028322PCT/ US2010/ 041548 LOW EM SSI ON PONER GENERATI ON AND
HYDROCARBON RECOVERY SYSTEMS AND METHODS CROSS- REFERENCE TO RELATED

APPLI CATIVON 2p002832Thi s application clains the benefit ofCUUS201B00s4$i onal
Pat ent Application 5 61/238,971 filed 1 Septenber 2009 entitled LOW

EM SSI ON PONER GENERATI ON AND HYDROCARBON RECOVERY SYSTEMS AND METHODS, the
entirety of which is incorporated by reference herein. FIELD OF THE
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exenpl ary enbadi nents of the present invention. This discussion is b?[ieved

to assi stANR BYBRQAAEBLON RY{ Y P HEMS AMDMETIEIPer therfabFly 2h G of
particul gt iRs ‘f&tﬁdﬁ’}tréfgi%n&rlﬁﬁﬂt i nvention. Accordingly, it should be
t

under st ood t hat | s section should be read 20 in this Iight, and not
necessarily as adm ssions of prior art. [0004] Many enhanced hydrocarbon
recovery operations can be cl HEELD|QY TIEE INVENTEON f ol | owi ng types:
pressure mai ntenance and mi scible flooding. In a pressure nai ntenance
oper at i orip002jer t Eghsdmscnsuoli ths imvtnt@gerclaeetol hyve céredsiomt fvecr pgénaaatiohyin

aseo reservqQlr to . . . .
g ?(? hydrocal%on recovery processes. More particularly, embodiments of the invention relate to

methods and systems for using high turbine discharge temperatures generated by oxyfuel
combustion (i) to encourage post-combustor conversion of gaseous components such that a
desired chemical state is achieved and (ii) to reform a control fuel stream to generate a

reformed control fuel stream characterized by an increase in hydrogen.

15 BACKGROUND OF THE INVENTION

[0003] This section is intended to introduce various aspects of the art, which may be
associated with exemplary embodiments of the present invention. This discussion is believed
to assist in providing a framework to facilitate a better understanding of particular aspects of
the present invention. Accordingly, it should be understood that this section should be read
20 in this light, and not necessarily as admissions of prior art.
[0004] Many enhanced hydrocarbon recovery operations can be classified as one of the
following types: pressure maintenance and miscible flooding. In a pressure maintenance
operation, inert gasses such as nitrogen are injected into a primarily gaseous reservoir to
maintain at least a minimal pressure in the reservoir to prevent retrograde condensation and
25 improve total recovery. In a miscible flooding operation, miscible gasses such as carbon
dioxide are injected into a primarily liquidous reservoir to mix with the liquids, lowering their
viscosity and increasing pressure to improve the recovery rate.
[0005] Many oil producing countries are experiencing strong domestic growth in power
demand and have an interest in enhanced oil recovery (EOR) to improve oil recovery from
30 their reservoirs. Two common EOR techniques include nitrogen (N3) injection for reservoir

pressure maintenance and carbon dioxide (CO2) injection for miscible flooding for EOR. At
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maintain at least a mnimal pressure in the reservoir to prevent retrograde
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[ 0007] Nﬁp@tggel ess, there is still a substantial need for a | ow em ssion,

hi gh ef ncy power generation and hydrocarbon recovery process. SUMWARY
OF THE IdbGANT! NorQhdISQ0A [somieMseskMtial RiNfortaf lo® GRGYIORONBR HRASIAFTL I ON
and hydrocarbon recovery process is described in PCT Patent Application
PCT/ US2p09r0g8RAionjan{l dydroc @ EMCSBIONIROWER GENERATI ON AND HYDROCARBON
RECOVERY SYSTEMS AND METHODS' which clains the benefit of U S. Provisional

Application No. 61/072, ZQZSUMI{/I‘?'&%@%ME@IP@QE&TIW U. S. Provisional

Application No. 61/153, 508T—F1
20  [0008] A low emission, high efficiency power generation and hydrocarbon recovery
process is described in PCT Patent Application PCT/US2009/038247 titled “LOW
EMISSION POWER GENERATION AND HYDROCARBON RECOVERY SYSTEMS
AND METHODS” which claims the benefit of U. S. Provisional Application No.
61/072,292, filed 28 March 2008, and U. S. Provisional Application No. 61/153,508, filed

25 18 February 2009 (all of which are incorporated herein by reference in their entirety). The
present invention constitutes improvements to the methods and systems of the

PCT/US2009/038247 application.

[0009] More specifically, one embodiment of the present invention comprises an oxygen
stream, a carbon dioxide stream, a control fuel stream, a combustion unit, a turbine, and a
30 plenum. The combustion unit is configured to receive and combust the oxygen stream, the
carbon dioxide stream, and the control fuel stream to produce a gaseous combustion stream

having substantially carbon dioxide and water. The gasecous combustion stream has a

.



25 18 February 2009 (all of which are incorporated herein by reference in
their entirety). The present invention constitutes inprovenents to the
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generate a reforner product stream [O0011]Yet another enbodi nent of the
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20 combustion stream; expanding the gaseous combustion stream across a turbine to form an
expanded gaseous combustion stream; and providing a residence time for the expanded
gaseous combustion stream to reach substantial chemical equilibrium, wherein the residence

time is provided by a plenum configured to retain the expanded gaseous combustion stream

for the residence time.

25 [0012] Still yet another embodiment of the present invention comprises the steps of
providing an oxygen stream, a carbon dioxide stream, a control fuel stream, and a reformed
control fuel stream; combusting the oxygen stream, the carbon dioxide stream, and the
reformed control fuel stream to produce a gaseous combustion stream; expanding the gascous
combustion stream across a turbine to form an expanded gaseous combustion stream; and

30 reforming the control fuel stream to form the reformed control fuel stream using heat

extracted from the expanded gaseous combustion stream. The gasecous combustion stream
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25 [0012] Still yet another enbodi ment of the present invention conprises
the steps of providing an oxygen stream a carbon dioxide stream a control
fuel stresmmoandsy2reforned control fuel stream conbusPCmgstéie/oasygen
stream the carbon dioxide stream and the reforned control fuel streamto
produce a gaseous conbustion stream expanding the gaseous conbustion

stream &as assmperhturdonet feast fl80Mdagreexpatiragititg aBieonforartvostroloficsitr@anis and
30 reform ng the control fuel streamto formthe reforned control fuel

st r eam GEMAEICHESk by ingiopssd Ny BIAZEhAs eXpRitet thasuvins fuch At i on st ream
The gaseous conbustion stream WO 2011/028322PCT/ US2010/ 041548 has a

tenperature of at Ieaskﬂﬁﬁ%%ml(gﬁlﬁpqﬁ{%bﬂﬁqwﬁ ormed control fuel

streamis characterize npared to the
control | st I EF P ]3] reqoi ng
and ot héé@&van?gggﬁémgghgh% p?’é&g& (lgn dviglr}\{\?%rfst ;Blgﬁh%\%%g%%gg%gpggeﬁ\%ﬁ%m
revi M ngpdrbet fiminl ewiawgngletiaifdlkaviae sietailpd idescriptidn chind vdragee fofnaom-limnitinigi ng
exanpl es of enb digE ts in which: [0014]FIG 1 illustrates an oxyfuel based
syst em EFMPIGHOESHN lﬁﬁmﬁé‘%@“@ener ation and hydrocarbon recovery that nmay

be i npl go@igged FiG GOMNGRIEOCH Wik BA&dNy SR B ARPEMESioR ow;ég g@ﬁe‘?@tﬁﬁtand

I nvention; 10 [O0015]F G 2 illustrates tur bi ne and heat overy steam
gener at diydooabby uea@ivegnthehaky reeyimipéenantddemesonecction eineec bi owravasfecsme or
nore aspects of .the.present invention; [0016]FIG 3 illustrates an oxyfuel
based s&%et%rﬁ?efn&}m’?%\‘f%m ssi on power generation and

10 [0015] FIG. 2 illustrates a turbine and heat recovery steam generator configuration that
may be implemented in connection with one or more aspects of the present invention;
[0016] FIG. 3 illustrates an oxyfuel based system for low emission power generation and
hydrocarbon recovery that may be implemented in connection with one or more aspects of
the present invention;

15 [0017] FIG. 4 illustrates an oxyfuel based system for low emission power generation and
hydrocarbon recovery according to an embodiment of the present invention;
[0018] FIG. 5 illustrates an oxyfuel based system for low emission power generation and
hydrocarbon recovery according to another embodiment of the present invention;
[0019] FIGs. 6A-B illustrate oxyfuel based systems for low emission power generation

20 and hydrocarbon recovery according to yet other embodiments of the present invention;
[0020] FIG. 7 illustrates a flow diagram of a method for use with an oxyfuel gas turbine
system according to an embodiment of the present invention;
[0021] FIG. 8 illustrates a flow diagram of a method for use with an oxyfuel gas turbine
system according to another embodiment of the present invention; and

25 [0022] FIG. 9 shows equilibrium concentrations (mole fractions) of oxygen in the
gaseous combustion stream over a range of pressure, temperature and equivalence ratio.
[0023] FIG. 10 shows equilibrium concentrations (mole fractions) of carbon monoxide
(CO) in the gaseous combustion stream over a range of pressure, temperature and
equivalence ratio.

30 [0024] FIG. 11 shows the oxygen concentrations (mole fraction) of oxygen in the gaseous
combustion stream over a range of pressure, temperature and equivalence ratio after a finite

residence time of 40 ms.



hydr ocarbon recovery that may be inplenented in connection with one or nore
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ot her enbodi nents of the present invention; [0020]FIG 7 illustrates a flow
di agram of a nethod for use\ﬁﬂf%jpEgﬁy@g@kl"‘ fur bi ne system according to
an enbodi ment of the present Thventton, [O0ZIJFTG 8 illustrates a flow

di agram of a nethod for use with an oxyfuel gas turbine systemaccording to
anot her enbodi nent of the present DERKINITIONS and 25 [0022] FIG 9 shows

equi l i brium concentrations (nole fractions) of oxygen in the gaseous
combust i[@0264t r eAmusue herain; dingea”odr mEsstityereftrs npenatonmeorand teafuimvial. ese

ratio. [0Q23] FI G 1Q, shows, libriumc centratlpns nol e .fraction of
Car bon FBHbAETIEY (A e GHeSBOTE ot G O o (8 Ged dn A gReeary
pressur@mﬁggwﬂ@%@nﬂﬁglgﬁgmggghyﬁwgace ratio. 30 [0024] FIG 11 shows the
oxygen concentrations (nole fraction) of oxygen in the gaseous conbustion

stream over a range of pressure, tenperature and equival ence ratio after a
finite MeA7dencAs tus@ﬁ;h@ﬁlm@hq@rms "comprising,” "comprises,” and "comprise" are open-

ended transition terms used to transition from a subject recited before the term to one or more

10 elements recited after the term, where the element or elements listed after the transition term

are not necessarily the only elements that make up of the subject.

[0028] As used herein, the terms "containing,” "contains,” and "contain" have the same

open-ended meaning as "comprising,” "comprises," and "comprise."

[0029] As used herein, the terms "having," "has," and "have" have the same open-ended

15 meaning as "comprising," "comprises," and "comprise."”

[0030] As used herein, the terms "including," "includes," and "include" have the same

open-ended meaning as "comprising,” "comprises," and "comprise."

[0031] As used herein, the term “equivalence ratio” refers to the mass ratio of fuel to
oxygen entering a combustor divided by the mass ratio of fuel to oxygen when the ratio is

20 stoichiometric.

[0032] As used herein, a “stoichiometric” mixture is a mixture having a volume of
reactants, which is comprised of fuel and oxidizer, and a volume of products formed by
combusting the reactants where the entire volume of the reactants is used to form the

products

25 DESCRIPTION

[0033] In the following detailed description section, specific embodiments of the present
invention are described in connection with preferred embodiments. However, to the extent

that the following description is specific to a particular embodiment or a particular use of the
-5-



WO 2011/ 028322PCT/ US2010/ 041548 [0025]FIG 12 illustrates the required
residence tine for the reaction to progress to within 10% of equilibrium
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DESCRI PTI ON DEFI NI TIONS 5 [ 0026] As used herein, the "a" or "an" entity
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make up of the subject. [0028] As used herein, the terms "containing,"
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"conprises,” and "conpri se. 0030] As used herein, the terns "including, "
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stoichionetric. [0032]As used herein, a "stoichionmetric" mxture is a

m xt luOr © [51(?3\45|] "9 & Wlth re%erencefto FIG. 1, an oxyfuel based system 100 for low emission power
generation and hydrocarbon recovery that may be implemented in connection with one or
more aspects of the present invention is provided. The system 100 generally comprises an
oxygen (02) source 102, a carbon dioxide (CO2) source 104 and a control fuel source 106 for
generating an oxygen stream 108, a carbon dioxide stream 110 and a control fuel stream 112,

15 such as a hydrocarbon based fuel stream (HC), respectively. In at least one embodiment the
CO2 stream 110 may be compressed (e.g., between 12 and 18 barg) using a compressor such

as the boost compressor 118. In another embodiment the CO2 stream 110 may, due to the
characteristics of the CO2 source, already be at pressure. The streams 108, 110, and 112 are

fed to (i.e., received by) a combustion unit 120 and combusted to produce a gaseous

20 combustion stream 122. In general, the gaseous combustion stream 122 includes carbon
dioxide (CO2) and water (H20) at a pressure between 12 and 18 bar. More specifically, the
gaseous combustion stream 122, in at least one embodiment, may be between 70 and 80
percent CO2. However, the gasecous combustion stream 122 may include any appropriate
components at any appropriate concentration(s) and at any appropriate pressure(s) to meet the

25 design criteria of a particular application. Furthermore, the temperature of the gaseous
combustion stream 122 is adjusted by the proportion of the CO2 stream 110 applied. For
example, in one embodiment, the temperature of the gaseous combustion stream 122 is
greater than or equal to 1800 degrees Fahrenheit. In at least one other embodiment the
temperature of the gasecous combustion stream 122 is substantially between 1900 and 2700

30 degrees Fahrenheit. In yet another embodiment, the temperature of the gaseous combustion

stream 122 is substantially between 2200 and 2500 degrees Fahrenheit. However, the



reactants, which is conprised of fuel and oxidizer, and a vol une of
products formed by conmbusting the reactants where the entire volunme of the
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detail ed description section, specific enbodi nents of the present invention
are described in connection with preferred enbodi nents. However, to the
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hy 08, D i , : trol
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fuel as a yalr ocar bo ased stream
r espect ioveleynbotlimeat, the aisbinendischatpeditreemt 128hens GOR nplerapdm stiiQamtmyly hetween

conpr ess e etween 12 and_18 barg) usjng conpressor  suc s the
boost cd§§9 8E8 3500 dE S avier 18 ﬁbf?aﬁtréﬁtotfeqﬁ@ﬂ%ﬁl@?ﬂ@%ﬁﬂ@@%@@%ﬁe to
the stream 128 has a temperature substantially between 1350 and 1700 degrees Fahrenheit.

15 However, the turbine discharge stream 128 may have any appropriate temperature resulting

from the design criteria of a particular application.

[0037] As will be described in subsequent paragraphs, the discharge stream 128 may be
implemented in conjunction with one or more additional devices and/or structure to meet the
design criteria of a particular application. As shown in FIG. 1, the stream 128 is received by
20 a heat recovery steam generator (HRSG) 130, described in more detail in connection with
FIG. 2, for generating electrical power, sometimes referred to as supplemental power. The

HRSG generally exhausts/passes a temperature reduced gaseous exhaust stream 132.

[0038] Various cooling (e.g., 140) and compression techniques (e.g., 142) may be applied
to the gascous exhaust stream 132 or components of the gaseous exhaust stream 132 to meet
25 the design criteria of a particular application. For example, flue gas cooling 140 may be
implemented to separate water (H20) 150 from the stream 132 such that the concentration of
CO2 in the resulting stream 152 is greater than the concentration of CO2 in stream 132. All
or a portion of the resultant stream 152 may then be compressed (e.g., via compressor 142)
and/or otherwise configured for use in one or more processes such as enhanced oil recovery
30 (EOR) 160. Similarly, all or a portion (e.g., 70-100%) of the resultant stream 152

(compressed or otherwise) may be recirculated as the CO2 stream 110.
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characteristics of the CO2 source, already be at pressure. The streans 108,
110, and 112 are fed to (i.e., received by) a conbustion unit 120 and
conmbust edwbDaormsizee a gaseous 20 conbustion stream 122PCrisgenmsets t he
gaseous conbustion stream 122 includes carbon di oxi de (CO2) and water (H20)
at a pressure between 12 and 18 bar. Mre specifically, the gaseous

conmbust i[0B93t r eENG.122jllistra@t 4 e@siinOn24enpodhemniccovimy bearhepwredtor’ 038nd 80
percent CO2. However, the gaseous conbustion stream 122 may i ncl ude any

appr opr icatiacwaiigioaWhhet may ey implepenied i eomeaivithtans rﬂrsr)lorér?dp%&ts
appropr tp‘%s@nﬂﬁ@étﬁ‘dfle ()shbRn IIE giG!t f' GhéRedl $&o @?rcs'féah?%én%ra%r 1530%53; &&ng

application. Furthernore, the tenperature o he gaseous conbustion Stream
122 i s adjcastadatgert(big., ptoamoedii) 202 ofi comectGEzh stier abmd dBclagppd stechm F28 for

exanpl e, in one enbqgi t, the t erature of the gaseous ustion

ot r oo Bt EE S EHRAY R BB AT Corrt 20yt ESeTR RROARGID 1o ST east
one Oth%Bw%ﬂbQ@kﬁﬁaﬁn&ﬁ%nkQHR%ﬁék%&%aﬁﬁ2@h3s9ﬁﬁﬁﬁq§nﬁ&nﬁHSIPQPcékkﬁﬁﬁglzz
is substantially between 1900 and 2700 30 degrees Fahrenhei In yet

anot her veatdsodakeeurt, detghesing etseinzlystier 208, vvﬂi@hga@ebm condensst a@qpmp@dmazz i s
substantlall 2200 an 500 [ Fahren eit, -
WO 201 1 riorn A8 BBy Ao Re et B bR eh it 0R "B bt 312°
stream 12z BEdbuBRda0 YhedREI® Rirbidt 210 0¥ hat ﬂh&%xpzﬁﬁlﬂntdfﬂﬂe feam2obeciest@n
criteria of a particular application. [0036]1n general, the gaseous

conblist isteamsturtang? Hpgenprateseiasiiicatip®yera t ur bi ne 124 and i s
[0040] Turning now to FIG. 3, an oxyfuel based system 300 is shown for low emission
power generation and hydrocarbon recovery that may be implemented in connection with one
or more aspects of the present invention. The system 300 maybe implemented similarly to
the system 100 illustrated in connection with FIG. 1 with the addition of exemplary oxygen
15 102, carbon dioxide 104 and control fuel 106 sources. More specifically, in the embodiment
shown in FIG. 3, an Air Separation Unit (ASU) system 302 is used to generate the oxygen
stream 108. Nitrogen (N2) may also be generated using the ASU and used in one or more

complimentary processes such as nitrogen injection for reservoir pressure maintenance.

[0041] Similarly, the control fuel stream 112 may be generated from a carbon dioxide
20 flood reservoir (such as an oil well) 304 and/or a hydrocarbon fuel supply line 306. In at
least one embodiment the carbon dioxide stream 110 may also be generated from the oil well
304. It may be appreciated that the system 300 provides the option to utilize one source (e.g.,
the stream 152) for the carbon dioxide stream 110 during system 300 startup and a second

source (e.g., reservoir/oil well 304) during continued system 300 operation or visa-versa.

25 [0042] Referring to Figure 4, a diagram illustrating an oxyfuel based system 400 for low
emission power generation and hydrocarbon recovery according to an embodiment of the
present invention is shown. The system 400 may be implemented similarly to the system 100
and/or the system 300 with the inclusion of a plenum 402. The plenum 402 is in fluid
communication with the turbine 124 and in at least one embodiment may be directly coupled

30 to the turbine 124 for receiving the turbine discharge stream 128. Similarly the plenum 402

may be in fluid communication with a heat recovery steam generator. The plenum 402 is

-8 -



expanded across the turbine 124. In at |east one enbodi nent the turbine 124
is configured 5 such that the expansion of the stream 122 across the

turbi ne MO 20emMe8RRes power, such as el ectric power gen@catusdolo4esns

el ectric generator 126 coupled to the turbine 124. The expanded stream 122
may then be exhausted as a turbine discharge stream 128. In at |east one
enbodi nephfiglred taphivide dirstdvacgeinkt deiiy WRBh HadivRlupr estpurens wWisthanibalel y
equal to.1 bar. In another enbodi nent, the turbine discharge stream 128 has
a presséishagpsiean 128 mpy sontHuefREsscichsiic®Ypars. However, the turbine

di scharge stream 128 may have any appropriate pressure resulting fromthe
desi gn Go43¢" | ArOfordeRrhi GoH-BkyBOPhibERrdsQite cShIBULBE Yed i pBlvet BaRtatRRe
enbodi ment, the turbine discharge stream 128 has a terrperatpure

subst antapplidayiohs thwegased @09 resndt 1hS0@nuvgtoe éor d-ghortepemedttimd (@.gt 40 masheiore

ot her_ enbodi nmen t he turbine discharge stream1 has a tenperature .
SUbStanthaNny boroEn BESSER IHG00UATr ST R M aRHEr P e BTt ion e

t ur bi ne ElesEdy GfoLh @ghhel eﬁBUolhﬁr%@FBWe RAPRROR ek pdRlct. ETPQIAt S Btcheddl ting
fromthe design criteria of a particular application. [0037]As will be

descr i beenctian subeteable it ropelr agiraphen and éhajpheanstey doest b £ANIME ataycaperable

i npl ement.ed ,in_conjunction W t hTone or .nore..additional ,devi ces and/ or
rate% downstream in “the s?lstern. c Present invention con &&ures the qxly ¢l .combustion
structure 1o nee e desrgn criteria of a partrcutar applvcation. shown

in FI G s}sterahempératad pk@SuteSandegsi coathobiyior Qo gcheate o Bighstekeypsta@ast@dner at or
(HRSG 130, described in nore detail in cgonnection with FIG 2, for .
genetbat idighaee cticrmathapineeneralbmstill mfsa sefligion dempergtirg (o piremets: shenysiler |

The HRS re . | st

ot cam L9 OFhSSREAE S SBARCASHE phRERThEHER f BEHERE SRR EEHE

(e.qg., P@jiderayuibblappldesd tinne thengadrblsdiednausimsines@mt 232rbare dariparent s
f th t st 132 t eet 25 th [ | ' f.

par t1 UGPSR Er 28] Bt CEBR G, I o] B D iy vidta

i mpl erm%ﬁﬁﬂoﬁéh@ ﬁ%% Rh&niabe Euﬂsld%@ﬁll}?&cﬁéd?@ G LERATM 1B%. SR résﬂlﬁ&ntt he

concentration of in the resulti ng stream 152 is greater than the
concknt panuonexduteRcam 484 nearthdBie utlided on sebsparant procefsct (vez. r EQR) taameet

t 152 t h b d. . [ : 142 d/
ot hor wi SAPEBTIF HRIPEBH TS TGS iRl 5P b e g de LA The Bhhanced of I
recovery 30 (EOR) 160. Simlarly, all or a portion (e.g., 70-100% of the

resul t ango4H] r eam &2 chbedinicas SRS r&@idcatd @iy Bepred@dymiifed Qhr bl at Restasnet he
C2 stream 110. 7 - WD 2011/028322PCT/ US2010/ 041548 [ 0039] FI G . 2 ,
i |1 ust r apdisidgaltqopmpopentf Ahgivabine dischasgotesain kienntiguoteiogesst chapically until

cont | guigl 0200 AL YRR IRhRIRAS Gflo | e CANRREL AP bdla@ et TRY @

aspects e present 1 nventlon. own 1 n eat ecovery
st edlfi gsnkstaitatly a3tvarey to anpigui driamhp@duex c haagkast(@ecgmbagiraar) adistaptid02 i n
contact with the tU{)bi ne,&ii s({: ar ge stream. 128 for , ,
equilibrium may be considered the chemical reaction point at which the concentration of an
individual component (e.g., oxygen, carbon monoxide, a hydrocarbon intermediate species,
an unburned hydrocarbon intermediate species, formaldehyde, and/or the like) of the turbine
discharge stream 128 becomes less than 10% greater than an equilibrium concentration of the

25 individual component.

[0045] In yet another embodiment, the residence time maybe predetermined such that at
least a predetermined percentage (e.g., 50%, 75%, 90%, ctc.) of an individual component
(e.g., oxygen, carbon monoxide, a hydrocarbon intermediate species, an unburned
hydrocarbon intermediate species, formaldehyde, and/or the like) of the turbine discharge
30 stream 128 at an exit of the turbine 124 is converted to an equilibrium product at an exit of

the plenum 402.



5 generating steam 204. The steam 204 is expanded across a steam turbine
210 to generate power. The steamturbine discharge stream 204" is treated
further fwo20mpas32eondensi ng, water make-up, de-gassi ngPCetUsS2010/081538 em 208,
whi ch may be a condenser, and punped (e.g., via punp 206) to high pressure
before re-entering the heat exchanger 202. A generator 212 may be coupl ed
to the 0@ t uAhemetivkly) theledsidehad tilmbeanaxpapidelrmihed bechsthew@tie 20#ascomes s
the 10 steam turbine 210 generates el ectri cal pomer [ 0040] Tur ni ng.now to
FIG 3, BHvigugh e@np%éd)fs%t@ﬁl?le@)oil$0§a@%o%wafrbr 28 oireethi disasiliyowsil the

gener at i g»g%@; qp ) A th BRY¥:nh nngcid on
with oné(grém spectg éyg%égéﬁﬁl}nveﬁt?g%HR#ﬁg%§§§%%h1 8% maybe

i npl enent¢asd ose rsu&:larehgbodm@hethsyisﬂﬂﬁduw(dombbmmm atagdlnlchude anxygert iaot cattion FI G
1 wth the ad iti

S omt 11 gheRidgo it g romongs B A B 0 s AR s iR fn SR

FIG 3, @NrcbyerpPRicsd !x/ﬁéh M@'&X Achs aséb%@r{ﬂa%gﬁ cljFal 4§ 8f lefs9tlﬁﬁ"1©r1ﬁ}t§-p%he
oxygen stream 108. N trogen (N2) may al so be generated using the ASU and

used i n nH@nomdntbe eadomphomendahas prowessapnsephl tisonlesy dgenl 008j metsiper f or
reservoir. pressure mai nt enance. [0041]Sinilarly, the control fuel stream
112 nay Q ﬁenerated froma carbon dioxide 20 fl ood reservoir (such as an
oil well) 304 and/or a hydrocarbon fuel supply line 306. In at |east one

enbodi nged47 he oas bomott abatiemsits efihe bl&chdiivaltida ne igelngs aprduir4ddthire oi
wel |l 304. It may be appreciated that the system 300 provides the option to
ut i 110 e P& %Scﬁﬁeéléelfcé tgne sybgientalhebgtveany. 1 fad 19 secands-hBhangithsxicabodime@bm 110

during yshieMn 382 fta rp%kﬂdé‘@ §8d6>ﬁ9e091%9 s&&'t%[n‘ﬁ%lléﬁet%en bqsa%%e%rﬁfs %L

304) duri contlnue system operation or Visa-ver
[ 0042] Rehethet agbcbdmﬁntg e pknu@ 41l2a19aﬁ lpsrddidleus tressddnng tiare gxytbuelanblasedndyst em

400 for om/enl 0 enerat nd drocar bon recover accordlng to
an enmbodtHENE"d 3 P éu%r‘gﬁeﬁlgﬁ RVER 1g‘bfﬁ i‘Q Pé%Vd%anYrﬁ%Prg%%t%ﬁ’? Cerincple

i mpl erre@ﬁeﬂe@it@d&r@al’cméntaq,ftaﬁsﬁmfcm}@ﬁ@lﬂegﬁo@nd/ or the system 300 with the
inclusion of a plfenum 402. The plenum 402 is in fluid communication with

the turbine 124 and in at | east one enbodi nent may be directly coupled 30
to the t00481ne H2anyflsrundetsedod frgm tivepresanbdiseloslirs dlvdrgidonee tamnis ggentially

Simlar t he Oi% be in flui,d c ca @1 Teat covery
ot eam gdrabRaro BTGy QoS Moves Yo SO TR RSBk il BT of B
conf i gupeshub04¢2.0\Wsdauch, tHRSVEIeRne &ftthelaum M wWay ol dasinthellal cFespanant s
of the turbine dlscharge stream 128 may continue to react chenlcaIIY
desired residence time¢ knowing the density of the turbine discharge stream 128. In at [east
one embodiment, the plenum 402 has a constant cross-sectional area and a center line length
20 406 (illustrated in FIG. 2) substantially between 10 and 30 meters. In yet another
embodiment, the plenum 402 has a constant cross-sectional area and a center line length 406
greater than or equal to 30 meters. However, the plenum may have any appropriate volume,

shape (including irregular shapes) and/or center line length 406 to meet the design criteria of

a particular application.

25  10049] As such, FIG. 4 represents, inter alia, an embodiment 400 of the present invention
wherein a plenum (e.g., 402) is designed and implemented to provide a suitable residence
time during which individual components of a turbine discharge stream (e.g., 128) may
continue to react until they have reached (or substantially reached) a desired chemical

composition (i.c., reaction state).

30 [0050] FIG. 5 illustrates another oxyfuel based system 500 which may be implemented
similarly to the systems previously discussed (e.g., 100, 300 and 400). More specifically, the
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[0043] I n conventional non-oxyfuel high-pressure conbustors used in power
generating applications, the gases only reside in a conbustor for a short
period tiwe2010/832240 ns) before 5 entering a turbine. BeTAss@onS4s eact i on
rate declines with tenperature, the reaction is effectively "frozen" as the
gases cool through the turbine's expander. In such a systemthe reaction is
not abl gy$temrseadicledpyialstdam tforareS0hehihendys itolf, doRprivoi hemrkihageraind a
measur abl e rates downstream in the system The present invention configures
the oxyfa@lystodBesteranciyacef)? amydicainyr witabledyrsploreipiancyde msshssiesiedn t o
gener at g i f ogaﬁianﬁc%mg@%aaﬁsn}gaemgst%Qm%faﬁhﬁr&?an i@ folRcengr al Iy
still of a sufficient t erature to pronote chem cal reactions. %he pl enum
402 cl aistvech raforiniee J92es ervnfignaednbi eocivs titke firbine dlisvhelrge ngptceme h28 cit tleaspraovi de

a suitabl e .residence ti during whi ch individu conponents of t ur bi ne
i Soib QBT CONEE! FUa ARl 20 NI G e B0 TRE ARt s, s g ¢ e
pl enum 4Q%oraft Rputsnditd Aednct SOPRAGDE ScBRVEI RachBter REd SHOMAMNIIRdY, Yh at
reached, a desired reaction state. The resultant 15 pl enum exhaust stream

404 may ledsendemhodinensd inchids ugieany rador pravaes divgidee Tde , haBORjom dhergerbing

speci fied conpositi |, .design criteria a pipeli.ne.or other.particular
e SRSt RAS 4SS Bnfdihtric. B BRI O AL rRt S nOREY o
such t haatét stle@@s8060a1R1 thd dotireiuflel SOEROMNEN e 8f nidifank U hd Cortios Fhér @Ramt r eam
128 continues to react chemcally until the reaction reaches substanti al

equi 10 brilZhiq gensrate igercrrmed cenirpk Bichsigaat 804 b gercrils opipuis i she refprndry

convert gg, trﬂagg Be e[%%r el 0! é&n}e{g&ﬁ%‘f ﬁ)ér%)((ijuclt %&r@eﬁrﬁé a5t o NG, FIRA! 1?21% reformer

subst ant al urlrobrirummy be co ere € chemcal reac n polnt at
whi ch t peodiensesint &t fustheo§hified amdlsapachial tocgurpene bthy®gan-richxytgan andak kon
nonoxi de, a hédn carbon internedi ate_specjes, an unburned hydrocarbon

i nt er medPROB -Beh sty shgu®,  Biastroganaiqh gspmanay Re sy fra sale
diSChar%@ﬁﬁ%ﬁﬁﬁ?hﬁ%gﬁﬁf&ﬂﬁgﬁekﬁss than 10% greater than an equilibrium
n or t |

concentrati e 251 vi dual conponent. [0045]1n yet another
enbodi ment, the residence tine naybe predeterm ned such that at |east a
pr edet edd@5éd pdihcecivaged ¢antyl fuch89gany 504 1sQ@Ugraby chiragtrizad hynati wmicasd in

conponent .(e.g., oxyge ar bon oxi de, hydr ocar bon i nt er nedi at e

pons oo Myl st pobtRg tn G2eppBn R seAEh B Ip S5 EEBOHBRAE I RRY R or
the |i kepmpfisdd&r HydibichndicaoaBchoXRicS ITRAGTokABd @bntdd] B drefth J0a€;s tHenbi ne
124 is converted to an equilibrium product at an exit of the plenum 402. WO

2011/ 02832 2PETcosPosBmonis I Madas) Al the rerital etlystreamd 12edifdend e Inidhisastay be
pr edet ool Qcﬂbé&f&*e‘ntt S r%gf?grg@&r eéggﬁgf i Stlr%]qxix ;é(ﬁ“ %:o?t%{?]g};&@ﬁé“ofolhet Btial

tur bi ne arge strea emc unt
20  hydrocarbon fuel from the fuel control stream 112, a portion of the hydrogen-rich stream, a

portion of the carbon dioxide-rich stream, and/or a combination thereof.

[0052] In general the steam reformer 502 is in fluid communication with the turbine 124
and in at least one embodiment the reformer 502 may be directly coupled to the turbine 124.
In addition, one or more embodiments of the present invention may include a steam reformer
25 502 in fluid communication with and located upstream from a heat recovery steam generator
130. That is, the heat recovery steam generator 130 may receive the reformer exhaust gas

510.

[0053] FIG. 6A illustrates yet another oxyfuel based system 600 which may be
implemented similarly to the systems previously discussed (e.g., 100, 300, 400 and 500).
30 More specifically, the system 600 includes a plenum 402 and a stecam reformer 502. As
illustrated, the plenum 402 may be in fluid communication with the turbine 124 and may act

as previously described in connection with the system 400. Similarly, the reformer 502,
-11-



i ndi vi dual conponent(s) is suitable for use with an Enhanced O | Recovery
process. In at | east one such enbodi nent, the individual conponents may

i ncl ude owggenv@sat2car bon 5 nonoxi de, and t he conmponent CREB206/0dHer M ned
to be suitable for use with an Enhanced G| recovery Process when the
oxygen has a concentration equal to or less than 10 parts-permllion and

t he CarbﬂﬁdHBEQXBdfcbﬂ@n&:ﬁ@ﬂﬂ&ﬁkhﬁk&ﬁﬁn@quﬁhbmqIﬁ@/b@ﬁﬁﬂhh&@ﬂﬁﬁ@ﬁCMKm
parts- pernllllon [ 0047] One or nore enbodi nents of the present invention

may i ncWithethg Plngr A2 mpabe aqnfiguesd taase Segt Sy isdenumexhaypistaami 4] v
bet ween (9 and, grellg’xa%ﬁﬁe NShad erin%fﬂ@&%%l g@@ﬁéa’ﬁ?@iz aﬁch ae!r ﬁm@\ﬁ&& SR m

provide a residence tine subst ant | tween O secon I'n yet
anot her S@atadihydrogen bindecgrbe@noiond:dde. nhyom:rcmmde emblodﬁmaﬂlesnd&e efommegexdatgr

t han sec . However .. the plenum 402 may be con red t rovi de. any
hppr obr At ST Beb BB Pk R Bt N L egierion F foesioe EpLiene i

appl i catghORforker 5#P48] It may be understood fromthe present di scl osure t hat
residence tinme is essentially a function of the velocity of the gas passing
t hrough the pl enum 402 and the volune of the plenum 402. As such, the

vol ume d@ﬂi%e phe ﬁlmlm nnev_t leﬁéyomfeerd@demmtﬁé@pbeu@fmécdqgiattﬂeedan@eeche@m with

oo dengf, LB RV D0E R e nshc. SRR HHLPLTE HLSENALBF (74 LA 365
at | east O e e odi rre enum as a cons an cross-secti onal’ area

and a cefdyec ddva@tag@mgltyhn@@ené&l&d(mlal Jirsd1¢ 8fstshn (H1g F609) t8)m@ubBtRBigh atiteria
between 10 and 30 neters. In yet another enbodinent, the plenum 402 has a
consthantof @ pagisulas apnlisation.ar ea” and a center |ine Iength 406 greater than or
equal to 30 neters. However, the plenum nmay have any approprlate volune

shape (iggdsydi nprc r Bﬁgm{raeb%%%sanom/ by yiEaNb&kd! bgﬂ?enll Qb hg R

t he de5|gn Criteria of a particular application. 49]As such FIG. 4
represemmpknwnkﬂrwamMHytaﬁhempﬂdmn@Ml AmmeamemﬁedprehemmenwﬁﬂkumhMmhere|n

a plenu e.Jg. deS| an nt ed provide a sui tabl e
ool Gondliia0 Eded St B e roR s Rt B mer S5 By nEg: ReSE SRR
stream (@n&ator 136 locaRY dé%tétr%h'& dfAhé BREIMWORI lIn %H&Varh&ﬁ@odlﬁ@ﬁmg r&fBFmer

substanti ally reached) desired chem cal conposition é, ., reaction

st at &) . 589 njaydsop Mireet @Jlti chmatungatign amﬁom@recfdwmelbd Witbebe Bykine A26001 athi ch

100, 300 BhETGoup ool €ilk? el ot B huBeSsh A B e i

syst em 3R8vhnef thdasirbin 2 M s tIRMNE indeds \WiindhrlyTale rédigaké tinkobPwe&eth? heat
exchanger and a catal%;d The steamreforner 502 nmay be any suitable type
th

of ref orpeFMEOSPand it elargn nezsle emu the dﬂrbépepél‘! |rw be lespphare Atli sasonduch
t 2
o o MRS OGR! o A U Qe Blor S1O" Fpfop e BRI hR! M, 50 1

por t20on implehteatedan thoodystened S0std mmmh]: H2sigandtedia\wah @artietifae applﬁ:@ﬁorf. roma water
source 508. In general, inputs to the reforner 502 may be referred to as

r ef or mer d streans and o | east .one e i ment cl.ude steam
oy or R SrERREn oM i PR B teRen i B PrEeapea mautttd 20 i ia 36f
drives Taheox%ﬂﬁ@ggﬁ hiFbfne s%‘zé‘t%ﬁ‘ﬂ é’écbﬁin%é R tRIHOERI G of %ﬁ"ecfn‘e@éht Qﬁ&éﬁﬁ@ﬁ? the
wat er stream 506 and the control fuel stream 112 (e.g., nethane in the

cont r ol niqiedd 290 sanbtrdyampecouslyamplamantedhion coahertipadvitlo Hier Hyistensel 00s 88Gam

or oduct 00y Slmo 00 BRSSO RE iR PRl R L Erah TR fNrer

shi f1ed (RRpLcEeBF, aditbrt £1y0 @ﬂﬁb?ﬁzﬁe asy!st)éﬁllr o afet tighdsdige @meaadéioa farGaidron
di oxi de-rich stream (not shown). The (%ero en-rich stream may be suitable

for sal application. ghpmeghadc/08 genembly drplu wality1of lends of yises (g of lRed04.
control 7‘)Heelnd thé T‘\EQS' R mhf bgsgﬁ&%{edyseﬁg'lw agl %vrlfl b& ng%cﬁ%d b@lcgn%ao%%ralﬂary

skill in the art, the order of the steps shown in Figure 7 is exemplary and the order of one or
more steps may be modified within the spirit and scope of the present invention.
30 Additionally, the steps of the method 700 may be performed in at least one non-serial (or
non-sequential) order, and one or more steps may be omitted to meet the design criteria of a

particular application. Block 702 represents an entry point into the method 700.
-12-



hydrogen as conpared to the control fuel stream 112 and in one enbodi nment
is substantially conprised of hydrogen and carbon nonoxi de. The reforned
control fwel2ostmexm 504 is then fed to the conbusti on umcCT/us2@oiomsp$ ace of
the control fuel stream 112 of FIG 1. In at |east one enbodi nent the
refornmed control fuel stream 504 contains sone of the initial 20

hydr ocan0es?] f ueBlock 70U trfygedeuissi the op bbbrosidiegam diggenatpant(t.gn 108), aharbon

hydr ogen-ri.ch stream ortion of the carbon dioxide-rich stream and/or a
conmbi natdivnds Hspede.g- [ldegzmiﬁce%tﬁérfa@l strpem &¢-8atd Pef or mer 502 is in fluid
comuni cation with the turbine 124 and in at | east one enbodi nent the

reformenogsyy MelioRe 79k ée)ﬁts%%#&%t%ai Be‘é BE cOMpREGR: 3%%4carl¥dh @&gdidtiem).one

or nore errbodl ments of the present iInvention nay |Include a steamreforner
25 502 ilmaf lea$td)ncc¢nﬂmd1rw1t|®(a2matytbmodnprmsad @dbeuws@nr E2mnd t® g, Héawever,
recovery @Zﬁv % er at or ) th §cove %:team 8ener?t or
130 rmay 1% By 8 ?Oé‘FR%FSr?S %)?HMQPYOQEQ e5l¥655“feo BCR) 150 GAIE $UEYE 8T 8s yet
anot her paxichise |ap;|51ﬁ§1ﬁgn smsatqeasﬁaﬁe ¥Rb&AERY tReprodtleoent edsitthé asrhdusidt t he
systens previously discussed 100, 00 400 and 500). 30 Mre

speci fi ¢abl 20} may §9§vbﬁwm@@y|smﬁardé§hﬁpmswﬁ ﬁf #e2CQA@t thestoutan (eet.okldbr

502. As I . Ll|18t ratboghrne qe CPSIt SOllI'CG cO I'GSSY I‘lbl’Iela.I ne H%Céjssa(?omnjm cation with the
t ur bi ne lﬁ% act” 48 previ ousq d)escryl% ¢ohnection with the

syst em 400. S| m I arI y, the reforner 502 -11- V\D
2011/ 023GEsHPCT/ E&Elm&)ﬁépEébSnWIﬁhefstémybficbﬁﬁ)hﬁmngmH bSwea $imam, akehartgar and
a catalyst, may be i ication with the plenum 402 and y be

luid co n
confiurdirxidesticam. H’é‘gtJ‘? P@)quhtggu TESRNICRIRE LSt @ SN PrEAmRUStgN SErRKC ’or
exanpl e, apt hﬁ"g%néﬂal tihe Qéa, g%mfbuﬁ onS M@%ﬁ{rﬁrﬁcil?deerébmh&rwat& 5@9

stream 506 i nt 0 hydroge carbon nonoxi de. In one or nore enbodi rrents
t he ref detverendZhmdsit8 l&rgéﬂoﬂ&]@eaﬁyaltyhehe pscdhsdcontbuatidresttcaneny deybestaEam
gener at romthe refor 054 such, in

| d t 02.
I s 0o BB R O FeRaim (20 S oIS ORHe e e O FY 't he
system 4 gno pAld thRpSi@aMat ehidy %r@%@ dRa&dntRaen &N AN CidyonpPidpiatche

syst em 500, be advant ageousl y inplenented in a single system (e. g@
600)1% o pmsemre(s ¢o dest g}w dasignegriteria Of efpaalq@éartapphcraéuonadplqmaﬁtmbmhm{:rﬁo ] FI G

6B ill u%énrlgetrgt%rey e% i gaseo{ls 1¥1Lusef10n &?e%gl i E}egtrgr QP?an or equal toylfa)% degrees

Fahrenheit. In another embodiment the temperature of the gaseous combustion stream is
substantially between 1900 and 2700 degrees Fahrenheit. In yet another embodiment, the
temperature of the gaseous combustion stream is substantially between 2200 and 2500
20  degrees Fahrenheit. However, the temperature of the gaseous combustion stream may be any

appropriate temperature to meet the design criteria of a particular application.

[0060] Block 710 represents the step of expanding the gaseous combustion stream across
a turbine (e.g., 124) to form an expanded gaseous combustion stream (e.g., turbine discharge
stream 128). The temperature of the expanded gaseous combustion stream is higher than the
25 exhaust temperature of a similar non-oxyfuel gas turbine system. In at least one embodiment,
the expanded gaseous combustion stream has a temperature substantially between 1200 and
1800 degrees Fahrenheit. In at least one other embodiment, the expanded gaseous
combustion stream has a temperature substantially between 1350 and 1700 degrees
Fahrenheit. However, the expanded gaseous turbine stream may be of any appropriate

30 temperature resulting from the design criteria of a particular application.
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inplenented simlarly to the system 600. Mire specifically, the system 650
i ncl udes a plenum 402 coupl ed downstream fromthe steamreforner 502 and a
heat recoveryiigrexm generator 130 | ocated down stream ofPCrius2@loomsas 402. | n
such an enbodi nent the refornmer 15 502 may be in direct fluid comuni cation
and/or directly coupled with the turbine 124. In at |east one enbodi nent, a
di st ancq0@s] weeBlock 12 eépaedtarts thOdptividl steflos ghaigmgnoaet érofhtic cxhasion off t he
turbin 124 is less than 5 neters. Simla t he residence tinme between the
r ef or merNGEBCARSIEHE agiostharyenidze+ Blask 7t1ﬁ)e turbine 124 may be |ess than
0.1 second. However, any appropriate distance and/or any appropriate

resi denggogp me Bﬁ%kbm%% fe@aherm@geg dfﬂ%BOﬁl Y$LEMIGR0 thik THethe! BBaftfF! 9N

criteria of a particular application. 056] Turning nowto FIG 7, a flow
di agr amgaseops cvintiedioof stlaalmtetph@dch?@@le$ltﬁd d@mlwl tskrt@rsuoix y laelbstégmel thanbicale

syst d| ng nbod t of .the present i.nvent nmet hod 700
GRS e S h AT ruiRSineRh teomBerr ot HoM s dyet et TU8 L 300,

400 50Q02ﬁ&5¥1ﬁ%ﬁﬁﬂd% r&98 theSGiah a@é&ié'c@ﬂl%hyudnrkt&%ﬁ@ﬁﬂlb P& idntOHtiMkCAsl, 3,

4, 5 and 6A 25 (respectively), and/or any appropriate systemto neet the

desi gn einscv%;sﬁdan eon@cp@n WiBUTTE: daphs plerrn oray hﬁweonfmumﬂdm?r@@ngéwaxamqﬁd
i ncl udes lura S or _ste .02, 7 the like)
that oo ot b Phiinba el dp 5 bR b ags LR Eh ty “Rar Sl b ifitar y

skil'l | Rtatdree.@r kquilibguds @lﬁj’stamﬁalt biishraps, shioysiition fuigbleefor ahSErﬁ?aﬁdfﬁaﬂ e@ily and
t he order of one or nore, steps maiz‘ be nodified W|th|n the spirit and scope
of tHe HCEQEHY PreAPEnCinls a@blex&% PofEARIC, i leaskpac embedichptthvaleron nay

be perf‘?ﬁdg&gﬂa&é‘ aaTc t&a%eol@ tﬁo&b%hhahr (bg{wééﬁnléeﬂl‘de%'ﬁ%% O 4gr an @G one

or nore ps nmay be om t to meet esign criterra a particular
appl i catenﬁndmﬁin@,cﬂhe Z)(Ds&unemaemm 8 canteehine Yerpdi picatentticant drecquat oS0 Aldfers.- 12

[ 0 2PCT[ US2Q010/.041548 .[ Q057] Bl ock 704 r e esent S of
pr ovi vidi %gmaﬁ X G ENIPFRHRC(B 0g°, eﬂ%@% e o Ol bf‘éweamémé 10
110), angeds. Oﬂf §iRdthdr ‘éﬁiboéﬁﬁe%@fﬂe(r@sﬂence 1k rna;t 99 %Sﬁlnﬁﬁllﬁy g&@ze&? 0116284 t2S an
optional step of conpressing the carbon dioxid . | east one
enbolf meatondCOn yaly anpghar cmphodgsed tho retsetem@nm:eznanhe gseabfartgan Povguadito 1
second. From Block 714 the method 700 may then fall through to any number (or none) of

optional steps such as one or more of Blocks 716, 718, 720 and/or 722.

[0063] Block 716 represents the optional step of generating power, using a heat recovery
steam generator (e.g., 130), from the expanded gaseous combustion stream after the step of

20 providing a residence time (i.c., Block 714).

[0064] Block 718 represents the optional step of reforming the control fuel stream (e.g.,
methane) using heat extracted from the expanded gaseous combustion stream into, for

example, Hydrogen and Carbon Monoxide.

[0065] Last, blocks 720 and 722 represent the optional steps of extracting carbon dioxide
25 (e.g., from the gasecous combustion stream); and applying the carbon dioxide in an Enhanced

Oil Recovery process, respectively.
[0066] Block 724 represents and exit from the method 700.

[0067] At FIG. 8§, a flow diagram is provided of a method 800 for use with an oxyfuel gas

turbine system according to another embodiment of the present invention. The method 800

30 may be advantageously implemented in connection with the systems 100, 300, 400, 500, 600
-14 -



5 the CO2 may be conpressed to any appropriate pressure to neet the design
criteria of a particular application. In at |east one enbodi nent, the
pressure WO 20he2€22 at the conbustor (e.g., 120) nay bePsThst@nioieshs y
simlar to the pressure of the CO2 at the source (e.g., 104). In such an
enbodi nent, post source conpression may be unnecessary. [0059] Bl ock 708

I epr esenhd/ot 660 sleapibell peoribusst imgornketi@x Wi FISksr e @4, Shendc@A liesspdddiveliypxi de
stream and the control fuel streamto produce a gaseous conbust.i on stream
(e.g., PPOPrapy agRioaFiale SYPIRE Padeefuife dshslStitai ok ¢ @amticriae pppietiony T

water a I o S
Combust 15" & T T AR DL A il oP R REE A S e i pRRge
gaseous tloo minystid mnfosmed sariahigy Asmﬂlkh:beamr@cia@bby)pmd aﬁc&dhmrypshﬁlda nt theatt, ey

apprapria ncentration a p 5 pressure nmeet
e CBsioBe of Mcatens Beva o Ehar el sty BRf Bt oo o rRtae ke ey o

t enper aty§g@riQf withs tﬂ@%?i@ﬂt' an& @Mésclf' RO pREER M dnfiolr ARlIRIonbMANKE rste?ﬂ Hethet O
1800 degrees Fahrenhei I n anot her errbodl ment the tenperature o e

gaseous nexindsLSA0 mmy b¢ perdomicd is gblasione abnyerm@t(qm@n seqoontahdrégroandensraes
Fahr enhei t . anot her enbodj me ure of .the gase
conbust e stcPs iy B SHOE0 RS I Binsnfrs 306 BRH IS Grut pag PREE 02
Fahrenheéﬁresehlgvgﬁ\@frypbmlﬂt@mﬁahydgo(pf t he gaseous conbusti on stream may
be any appropriate tenperature to nmeet the design criteria of a particular
application. [0060] Bl ock 710 represents the step of expandi ng the gaseous
conblfst il B8 ¢ re%lﬂc @%g@rasemrtbﬁ: H&p O& pEpviding an Ot%gqncﬁrﬁflrar{e éxaaﬁh@(fa te8eous
conbust i gyt Y, i ) 8§ e of
Tho expantid! S (8 d110) JicBhRR P ERaROR 21 1 EBTRE Dre Gy LERA et

t enper atfelgeS564). a si m | ar non-oxyfuel gas tur b| ne system In at |east one
enbodi nent, the expanded gaseous conbustion stream has a tenperature

subst ant j Iy b 1200 and 1800 deqrees Fahrenheit

other o ot e s s b I TR b G 5SS st Hc i ER bRt ur o
subst antjj at 1e¥st%%‘@%%dﬁ§é@ @09 naf 0 QREPreRsd FARRBOLIE andPHBYQ! . HW er,
expanded gaseous turbine stream may be of any appropriate 30 terrperature
resuly i nee £Bnmendedensingassed ite eny appfopaiasapessutd tr mepipthecdasignncritenypof a

/ / k
o e onopaafehbl sihiERaeh o idest GRe Rt B SERLESHONE (Lu Rt bERRlNGL P

turbi ne (£k., 420) Bhpolk sdBMntiall0QER]B 9ake pledsurepf 6REODS at AR SueR @fg. plmyl dl ng
a residence time for the expanded gaseous conbustion streamto reach a

desi r ed Te Hegh agmbadimpent, Rase spUAES CINY LB BEY ROWHICERPAT. equi | i brium In at
| east one enbodi nent, the residence time is provided by a plenum (e.g.
402) co redg krtﬁfsak ex %ﬂﬁ £ %]?C ANl heam far tnhe
resi den gﬁ?’ﬂlne kg di scu ééegﬁtlsn ?:o egt %gﬁﬁ)\?l\n %{%Hgﬂ,ée ?1 Bfe%ncgr%)y be
confiyu rdecdqdleostreama amd thlaeeﬁexrpah cedrof) st stusant tripudidecngas tausanmibosticansgream

appropriate ence such that a. desired chem state ( .

equi | i brf- 1 220y STl the EEEPIH P hvstleaﬁﬁsew@ﬁgeﬁéﬁpé e B Anced
Gl 10 RBegowe rb\étvpéeQQQSa%rd 8 Bar) M§re3s§)|8&1?i¥ﬁﬁ» tﬁ@?as%éﬁ?sn’éﬂn?oush& @ﬂrealngﬁﬁg yene
enbodi ment, the plenum nmay have a center |'ine Tength substantially between

10 and 30twrsnddsindIsh mmmh@merfhwwamhe gasheusploarhmstiomytrqaaveag mélrrteeanyl i ne
| ength %r eat er. than the residence .t

one enb HPWBH?tenﬁWB%neél(f%sa?aﬁW a%HP§P pﬂ@fe\/\ecgﬁcedltrféo%lﬁ{vj g &5 BRaSPPORY ot her
enmborl NpRsslirdE) e $icde fzeddsigiEcrfBiya BE a Pahsduditdpplitationetivese Gnvimad, te

temperature of the gaseous combustion stream is greater than or equal to 1800 degrees

Fahrenheit. In at least one other embodiment the temperature of the gaseous combustion
stream 1is substantially between 1900 and 2700 degrees Fahrenheit. In yet another
embodiment, the temperature of the gaseous combustion stream is substantially between 2200
30 and 2500 degrees Fahrenheit. However, the temperature of the gaseous combustion stream

may be any appropriate temperature to meet the design criteria of a particular application.
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15 seconds. In yet another enbodi nent the residence tine nmay be greater
than or equal to 1 second. From Bl ock 714 the nmethod 700 may then fal

t hrough twoany/nsstber (or none) of optional steps such &sTarseolof41ras e of
Bl ocks 716, 718, 720 and/or 722. [0063]Block 716 represents the optional
step of generating power, using a heat recovery steam generator (e.g.,
130), feom1ghe Bbopar&ledelge@ﬁtsuﬁe mﬁbﬂsipa@mngtth@gmeaig &miuleors steanDicrds
provi ding a.residence tine e., Block 714) 0064]Block 718 represents
the opt itdHRINS Ky 1P F%f%mn%nn@p@medo%?ﬁ%%wmém&%% €& GUIDINFeAIFFAALRS

usi ng h%ﬁ%a ’i%en i 8&1&1%&9%%@%%d%%%%@?%o&ﬁﬁ@%ﬁ%ﬁ@é}n% higA dthEﬁ fhe TOF

exanpl e, rbon Mon Last ocks 720~and 722
represemkhmhemoghnmmabf8Eemknmbnemyﬁmbgmngbuwnbmmmdﬂomtdﬁﬁzme@ewgdundmpn1

th nbust t d th bon . di d
Enhanc e Er I RBEh GG ELESEon SEGEL B By BcBPHRES A58 G| 0SS and
exit fraqgpdheeg F@e"shpﬂlrgﬁ@it [QQGZH "NaSF lffe Sthe chiWiRIHRMekSanE@ViAeslsof a

met hod 800 for use with an oxyfuel gas t ur bi ne system accordihg to
anot her ceprbostione ﬁtreamn hive ap tesaperituienvestangally Teréweent Hod0 sos! 31(70%9%@68

advant a us | enent ed | nection tht 00, 300 ,
500 Gog antehdt O i s B E OB B bl s by Dee A LEPRBEAT
previ ousénpdritufORngahs ABmwhé Bedfdieritdsia 8f a fartibulangppBibationespect i vel y), and/ or
any appropriate systen1to neet the design criteria of a particular

appllcatlon The t hod 800 generally includes a plurality of blocks or
st epd (d409y2] 80121005642 rgueseniribe AT Re of Bencrating noavep Siopbiheeapasianf] v

As wﬁllg%%?ﬁgﬂk%ﬁ%aﬁ%g“gyt Qﬁgﬂk(95dFark*Iﬁ ill inthe art, the 5 order of

the ste own 1 n ki gure y and the order of one or nobre steps

may be nodified within the spirit and scope of the present invention.

Addi ti o073y, tBbckt&igsrepfesetme theesthp df §6ormeng the mﬁbbﬁmbdtri:am,aﬂsihgasat one
or der ne or e, ste tted

d
Lo et RSl aPaing i aet Tateod SarppdR M mota FRr R rERrpey Lag! T
repr esenirSaAn 1€ @Eﬁéfalpﬂie%fdrﬁk@ cbiolMéINeda8QRay 80 chRRG&IBU M KarBBbrease in

represents the step of providing an oxygen stream (e.g., 108), a carbon
di oxiXde hydmalma% éorgpareci iothe cangohfucbstreame| Frotr Bk 8d4 ghe metheyl 808 mapyafall

gte];gr g]? Y8H‘%} S%nyn%ur{l i (é aln%be?l Z ?tb%o%&bg Bclhoa(lzskon%OOGr &R’ oetslflocks @1%, 9%,' onal

and/or 820.

[0074] Block 816 represents the optional step of generating power, using a Heat recovery
steam generator (e.g., 130), from the expanded gaseous combustion stream after the step of

20 reforming (i.c., Block 814).

[0075] Blocks 818 and 820 represent the optional steps of extracting carbon dioxide (e.g.,
from the gaseous combustion stream); and applying the carbon dioxide in an Enhanced Oil

Recovery process, respectively.
[0076] Block 822 represents and exit from the method 800.

25 SIMULATIONS

[0077] Turning now to FIGs. 9, 10, 11 and 12, a number of graphs representing
simulation results are provided. It should be appreciated that the information embodied in
these figures and the corresponding text which follows is offered to provide additional insight

into, but not to limit, the present invention.

-16 -



In at | east one enbodi nent, CO2 may be conpressed to between 12 and 18
barg. However, 15 the CO2 may be conpressed to any appropriate pressure to
nmeet the wex0gm28aRteria of a particular application. | RCatUSk@assisene
enbodi ment, the pressure of the CO2 at the conbustor (e.g., 120) may be
substantially simlar to the pressure of the CO2 at the source (e.g., 104).
| n such [6078¢ b oTikearnbgeti@sFigafed Ocandcnbliuesat equitibyiuenslangeeagioy 02 and

[ 0070] Bl ock 808 represents the step of .conmbusting the oxygen stream the
car bon 3(-droRede trf@érﬁ)z/g}?&lapﬁecqn&uéﬁl%dnc%rﬁ@glSt@ﬁ’é’l aGar g0RFt of pRBluce a

gaseous o) Mn.( g. I c Al Lt ion
It oam 1R AR ol SARGTE) & rerbehie a1 HE IR Plngs, TE LIRS TR T
Mor e spelastfedclandsy and 13® bas eopssantetb ig tthondosttd danes yrayd bejubeianee matids Gred 80
per cent . However., t ase C stion stream may jncl ude any. .
e Rk kot IR L g W CRART A e R R o
appropri-gls # R SaRUMALR) tHeOcdREhtrdid8 &esil 3peGEd LRY bénseint dvRAIMC Ul
application. In one enbodinment, the tenperature of the gaseous conbustion

st r eam icemgpginioe of taharxtene & cagailibriom 80dentadent epordhe derhpdraturd, pressucemdt one
ot her enbodi nent the te rature of the ous .conbust | eamis .

subst antPaPPYELe b A FHRE- dnahSuBe ohidhe SRS RaRPERREr pereyhe SER Elpiap
embodi myat usddhort ERErcRt Hamspofted R gasipeluR, GONDHUSIsir@Ble Stor @@t ithe smallest
substantially between 2200 50 and 2500 degrees Fahrenheit. However, the

t enpkt arcapeEngatiyeoiy e it (CdmossbliconTse resanhs nefy Fisaresn) aagptGphlusiate the

i ‘ ‘ . . . . Ceat i
2011/ 02635 3pkE UL b B S o B OERECD PREHEHNRL Y FRE FaKliGH cali®
expandi pgodrbs tgas equlibG@nidtasd i on stream across a turbine (e.g., 124) to
form an expanded gaseous conbustion stream (e.g., turbine discharge stream

128). T npe ure of the expande asequs. conbustion streamis higher
thah” ¢ nd0Lis} aus{’*ﬁ@lefﬁ%ééﬁaq Eergi ThiFas. Iﬁ@rﬁ“@%ﬁ?ﬁ%@“g%&%%‘@@?“ﬁ% raggps(%gm
In at | @& 40nBarITHRAsiRND94 RpkdiBn§%RRAHRIHEAS BAYSLIAIEAST Ok Bt pRAMAS a
tenperature substantially between 1200 and 1800 degrees Fahrenheit. In at

| eastS oned 90heepresdntrdimrequivaleive resipandedd ga¥bbaus of putrgstei Simiddrlye bt a

tenperature substanti al | et n 50 and 170 eqrees Fahrenheit. .
Honbver RSBy e S EEGSST LFbl RE W Esond)? BaroETia) AERPEBFS e

t enper aton @t 1 2 ks toif Pebs§ur®Mnt 98 4 gt @RtsGhi 8RN rafio RAN tat SYbak oBPREdE&L | ON.
10 [007%3 ock 812 represents the optional step of generating power from

the expdhefi W0 eipreshets gasesuvleice aate adr bes at Hebaruethpigasueq, 2 repraseds 8nQ) .
0073] Bl ock 814 t f ' t t
Lot ng, At LRBIIPREN 8, L6l oRalyutCLBL AL ol e A Bl leHES 00T,

t he 20ef ar0sest 30asurs of plesgire. SLER IOt 930 GRR8E@ an eheivilehay twmad ofant 4tol birus
stream may be characterized by an increase in
préssure, 932 represents an equivalence ratio of 1.1 at 12 bars of pressure, and 934 represents

an equivalence ratio of 1.1 at 30 bars of pressure.

[0080] With regard to graph 1000 of FIG. 10, plot 1002 represents an equivalence ratio of
1.1 at 1 bar of pressure, 1004 represents an equivalence ratio of 1.1 at 12 bars of pressure, and
25 1006 represents an equivalence ratio of 1.1 at 30 bars of pressure. Similarly, plot 1010
represents an equivalence ratio of 1.05 at 1 bar of pressure, 1012 represents an equivalence
ratio of 1.05 at 12 bars of pressure, and 1014 represents an equivalence ratio of 1.05 at 30
bars of pressure. Plot 1020 represents an equivalence ratio of 1 at 1 bar of pressure, 1022
represents an equivalence ratio of 1 at 12 bars of pressure, and 1024 represents an
30 equivalence ratio of 1 at 30 bars of pressure. Last, plot 1030 represents an equivalence ratio
of 0.95 at 1 bar of pressure, 1032 represents an equivalence ratio of 0.95 at 12 bars of

pressure, and 1034 represents an equivalence ratio of 0.95 at 30 bars of pressure.
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15 hydrogen as conpared to the control fuel stream From Bl ock 814 the

nmet hod 800 may fall through to any nunber (or none) of optional steps such
as one orwournH/832Bl ocks 816, 818, and/or 820. [0074] Bl eck/uB@onepaesent s
the optional step of generating power, using a Heat recovery st eam
generator (e.g., 130), fromthe expanded gaseous conbustion stream after
the stepoes1]20 Aefpasvidusly fentonedBh @okpldfing 007 SlifBl @dkent®hdl higl-pBe8ure
represent the optignal steps of extracting carbon dioxide (e.g., fromthe
gaseous BHRHLE; &d S RO ; 2ARFAD sleyichy Rk 26 43P JHLMIS X dethpththengasetiinc ed

Gl Rec , Is ] n '
rom ¢ het et R EEE™ SLET AR Be B ISk PFlaReh, R ERESPYRHEYT
12, a ndobes, offoigrapdrsng thertesemt. | Ag & ircsultathcocon@sitionsis difezpw’obeciest. thict
shougg be a ﬁteciatgd that the inf rnaéion enbodi ed i tggse figures %nd
the cor FeshBRdY AEERSE Aot kapl> JREoUER 1R FENEE S1SPHISYT dBSciainbT GRRHE
i nsi ght g , (it Lt ion | ilibri

eh%g C(I_e%slzogﬁitter%ﬁbrﬁﬁﬂg) to_bilGw PIESRIE o Egdrg'%és@ Now¥¥d egulhbrlurn at a

2011/ 0283 0/ 041548 [ 0078] Taken t oget Fi gures and 10

i |l ustraeaseqolcirater i um nol ar fractions of 02 and CO, respectively, for
02/ met hane conbustion in a CO2 stream at a range of flanme tenperatures,

pressur L. e. r..represented by the | i deel i nes, 12 bars represgnted
by the QAL Ficks TP NSO RS FPaphdoRt 3 Wikl bedal TR LT RAED

equi val epse&ntrafior0snd theequilbrin®t sementtBiod2 Figlre ds i0dlicBeOthat 3t 170008 antddinl. 1) .
In a general sense, equilibriumconposition refers to the state where the

conckht rarivalanes raip|ofshiglc] ayn.dhe Qomelcafiactiopds ftqzae at aEorsidsi408n Bf a
m xture cﬁﬁlﬁ%q#b%' pel 'Em{b'%iuﬂ?w%&h HRGQMRnt 'th-‘r Ekf‘e”@ﬁﬁ‘fatééﬁﬁi’ﬁog%%ﬁsﬁf(ﬁ W%“Q
0 . In't 0 co ere the

conpositio the reactants e case an oxyfue ust or
CO2 st r epprowirhdtelp e tirmesdofvor atEdR1or transported in a pipeline, it is
desirable to have the smallest 10 concentrations of 02 and CO possi ble. The

raphs igures. 9 and 10 ilJlustrate the ilibprij.u nd therefore | owest
oo S0 e B e rr et il B o s iy st B e e e B e e
equi | i brahdMegdt@ttecorh KRV he iRl ¥d§ pifcﬁﬁlig L@ﬂﬁb%@odi%haFéeGstre%& Rietf 2902
ar

represents an equi val ence ratio of 0.95 at of pressure, 9
r epr Bs ergspapfuethay ab éngle cnawgho tofdrige 9®ntinuct rasarien ddwpdegpilisium over a

calculated residence time. For example, a potential turbine inlet temperature of 1750 K
(2690 F) is marked by the line labeled “B” on graph 900, 1000 and 1100. Line “B” indicates
an O2 equilibrium level of the order of 300-500 ppm; however, Line B of graph 1100
indicates that the realistic O2 concentration after 40 ms are up to an order of magnitude
20 higher than the equilibrium levels shown at corresponding Line B of graph 900. It may be
noted that the O2 level at Line B of graph 1100 is greater than one thousand ppm (12 bar,
phi=1.0). Such a concentration of O2 is generally unacceptably high for pipeline (i.e., down
hole) applications. After expansion across the turbine, the turbine discharge temperature is
expected to be on the order or 1200 K. If a plenum is built into the system that allows the
25 chemistry to progress toward equilibrium, the O2 mole fraction, as indicated by line “A” in

1000, will be less than 0.00001 (10 ppm).

[0084] Graph 1200 of FIG. 12 illustrates that longer residence times may provide lower
02 concentrations. Graph 1200 plots the time required (t10%) for the O2 to reduce from its
peak level in the flame to 10% of that peak level. For example, at a turbine discharge
30 temperature of 1200 K as, noted by Line A of graph 900, the residence time requirement may

exceed 1 second.
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15 and 906 represents an equivalence ratio of 0.95 at 30 bars of pressure.
Simlarly, plot 910 represents an equivalence ratio of 1 at 1 bar of
pressur e, wokB1wepesent s an equi val ence ratio of 1 at 1PChaisgoiof4nessure,
and 914 represents an equivalence ratio of 1 at 30 bars of pressure. Plot
920 represents an equivalence ratio of 1.05 at 1 bar of pressure, 922
represeno@8sqn efhd piehantechidn maibe kuftepalle 1@ virens mddificaDasiaed alaitatB24
represents an equivalence ratio of 20 1.05 at 30 bars of pressure. Last,

pl ot 9360%%@5%@6%1% Gpadispaes digeysseppbopethaye beem ghovyr oplyely yrey 0fg32
representsmai, eﬂ%l‘fi‘]{d%ﬁnc[&&b@d at Ihed ifentidn RAKG fﬁiena&?%é %E Qimi t@fh&y
represents an equivalence ratio of 1.1 at 30 bars of pressure. [0080 th
regard tpertguhpheriB@imofits Fii&cloddd, hpteot. 10QRed.etroe pesstst amveatjon viatledes atlat i o
of 1. ah 1 bar of pressure, 1004 eFr ents.an ui val ence ratio of /1.1 at
12 bat s Aprigiiss ooatHoaan s Sind 0B el i BUE WHRTG i Vo SHEL SRASFPeort 61 at
30 bars ,ghcicgentthg. Simlarly, plot 1010 represents an equival ence ratio
of 1.05 at 1 bar of pressure, 1012 represents an equival ence ratio of 1.05
at 12 bars of pressure, and 1014 represents an equival ence ratio of 1.05 at
30 bars of pressure. Plot 1020 represents an equivalence ratio of 1 at 1
bar of pressure, 1022 represents an equivalence ratio of 1 at 12 bars of
pressure, and 1024 represents an 30 equivalence ratio of 1 at 30 bars of
pressure. Last, plot 1030 represents an equivalence ratio of 0.95 at 1 bar
of pressure, 1032 represents an equivalence ratio of 0.95 at 12 bars of
pressure, and 1034 represents an equival ence ratio of 0.95 at 30 bars of
pressure. WO 2011/ 028322PCT/ US2010/ 041548 [ 0081] As previously nentioned, a
conplicating factor with conventional high-pressure conbustors used in
power generating devices, such as gas turbines, is that the gaseous
conbustion streamonly resides in the conbustor for a relatively short
time, on the order of 40 nms, before entering the turbine. As a result, the
conposition is "frozen" because the 5 reaction is quenched as the gas cools
t hrough the turbine's expander. There is not enough energy (e.g. |ow
tenperature) to allow reactions to progress toward equilibriumat a
nmeasurable rate. [0082]FIG 11 illustrates the magnitude of the difference
bet ween the frozen 02 concentration and the equilibrium concentrati on.
Figure 11 indicates that at 1700 K and an 10 equival ence ratio of 1 at 1
atm the 02 nole fraction is frozen at approximately 0.008. |In conparison,
the equilibriumO2 nole fraction for the sane conditions in FIG 9 is
approximately 8 tinmes |Iower at 0.001. [0083]1n the proposed configuration
of the oxyfuel gas turbine the tenperature, pressure and reactant
conposition are configured to produce a turbine discharge streamwith a 15
tenperature that is high enough to drive continued reaction toward

equi libriumover a cal cul ated residence tinme. For exanple, a potenti al
turbine inlet tenperature of 1750 K (2690 F) is marked by the line | abel ed
"B" on graph 900, 1000 and 1100. Line "B" indicates an 02 equilibriumlevel
of the order of 300-500 ppm however, Line B of graph 1100 indicates that
the realistic 02 concentration after 40 ns are up to an order of nagnitude
20 higher than the equilibriumlevels shown at correspondi ng Line B of
graph 900. It may be noted that the 02 level at Line B of graph 1100 is
greater than one thousand ppm (12 bar, phi=1.0). Such a concentration of 02
is generally unacceptably high for pipeline (i.e., down hole) applications.
After expansion across the turbine, the turbine discharge tenperature is
expected to be on the order or 1200 K If a plenumis built into the system
that allows the 25 chem stry to progress toward equilibrium the 02 nole
fraction, as indicated by line "A" in 1000, wll be |less than 0.00001 (10

ppm .
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[ 0084] Graph 1200 of FIG 12 illustrates that |onger residence tines may
provi de | ower 02 concentrations. G aph 1200 plots the tinme required (T10%
for the ORoto1wesizee fromits peak level in the flane tecCIOxRab/ositag peak

| evel . For exanple, at a turbine discharge 30 tenperature of 1200 K as,
noted by Line A of graph 900, the residence tine requirenment nay exceed 1
second. Cl{¥hs2011/ 028322PCT/ US2010/ 041548 [ 0085] The present invention may be
suscepti bl e to varjous nodifications and alternative forns and the

exenpl aryhadibeldi t's di scussed above have been shown only by way of

exanpl e, It gﬂp&é&?$§%$g€52§ ﬁﬁgnggﬁgﬁﬁﬁgcinvention is not intended to be

limited to the p odi nment | osed herein. |Indeed, the present
i nventi on i nahwdgscnadticatm; al t er nati ves, nodifications, and equival ents

falling within the true spirit and scope of the appended clains. WO
2011/ 28322PGTW@§§6@@?%%¥§3§LCIains: Wiat is claimed is: 1. An oxyfuel gas

turbi ne syst @MoaREPLESIRGM; an oxygen stream 5a carbon di oxide stream

a combustion unit configured to receive the oxygen stream, the carbon dioxide stream,
and the control fuel stream, and combust the control fuel stream, the carbon dioxide stream,
and the oxygen stream to produce a gaseous combustion stream having substantially carbon

10 dioxide and water, wherein the gaseous combustion stream has a temperature of at least 1800
degrees Fahrenheit;

a turbine configured to receive the gasecous combustion stream, expand the gaseous
combustion stream, and exhaust the expanded gaseous combustion stream as a turbine
discharge stream, wherein the turbine discharge stream has a temperature of at least 1200

15 degrees Fahrenheit; and

a plenum in fluid communication with the turbine for receiving the turbine discharge
stream, wherein the plenum is configured to provide a residence time during which at least
one individual component of the turbine discharge stream reacts chemically towards
equilibrium and substantially converts an intermediate product to an equilibrium product.

20
2. The system of claim 1 wherein the turbine is configured to generate power when the

gaseous combustion stream is expanded.

3. The system of claim 1 wherein at least a portion of the carbon dioxide from the

25 gaseous combustion stream is used for Enhanced Oil Recovery.
4. The system of claim 1 wherein the residence time is predetermined such that the
individual component of the turbine discharge stream reacts chemically until a concentration
of the individual component is less than 10% greater than an equilibrium concentration of the

30 individual component.

5. The system of claim 4 wherein the individual component is oxygen.
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a control fuel stream a conmbustion unit configured to receive the
oxygen stream the carbon dioxide stream and the control fuel stream and
conmbust tweonesk fuel stream the carbon di oxi de streamusand/osises oxygen
streamto produce a gaseous conbustion stream having substantially carbon
10 di oxi de and water, wherein the gaseous conbustion stream has a

t enper atour e dfhealstbraastlalB A0y itegin elesindaiduhb@hponent is carban inwnokide. conf i gur ed
to receive the gaseous conbustion stream expand the gaseous conbustion
stream and exhaust the expanded gaseous conbustion streamas a turbine

di schar str r &f -he 4t ' LS : S ﬂﬁﬂg t re of
at | eas?]elzog%%gk}éf\é%?egg QIIZ% r gnﬁ‘;ehl%é;?ﬁa%g ﬁf&%&l@d}i %cf e u%ﬁﬁﬁs 1?3[ ul afolt
comuni gattinoxnliate sfrectdse t ur bi ne for receiving the turbine discharge stream
wherein the plenumis configured to provide a residence tinme during which
at | east one individual conponent of the turbine discharge streamreacts
chem calgl y t owarsd$eRH didili 7 WheARS tIRUBRESIBAR! Iner@OMYR dpeciddis! i @ouRdidat e
product to an equilibriumproduct. 20" 2. The systemof claim 1l wherein the
t ur bi ne hydrosathbigur ed t o generate power when the gaseous conbustion stream
i s expanded. 3. The systemof claim1l wherein at |east a portion of
the carbon dioxide fromthe 25 gaseous conbustion streamis used for
Enhanced. G | TReGOMEMY clafn STigers $hembaindel13idraciriohes RirMaldoBydcesi dence tine
is predeterm ned such that the individual conmponent of the turbine

di scHarge streamreacts chenically until a concentration of the individua
conpone i's % r bR . i f the
30 | ndi vedual EonoAane e VLR HAMAT Gt p AN R
Clorrponelps\%deﬁermﬁmgﬁﬁrcentﬁ@a 3311:1@'/ DdBR3RAPCIMpiHO1 0f fgléltﬁlfb&]e &ischife §I§é§inﬁa’ﬂ anf
claim4 wherein the individual conpgonent is carbon nonoxide. 7. The system
of cl ai FiK4 OhAEIEIOANG IR EORVEEEd fRhedueidhptn Bipdustsat an Byid PERSPEON™M: nt er medi at e

speci es. 8. The system of claim7 wherein the hydrocarbon
i nternedi ate species is an unburned hydrocarbon.
15 11.  The system of claim 10 wherein the predetermined percentage is 50%.
12. The system of claim 10 wherein the predetermined percentage is 75%.
13.  The system of claim 10 wherein the predetermined percentage is 90%.
20
14. The system of claim 10 wherein the individual component is oxygen.
15.  The system of claim 10 wherein the individual component is carbon monoxide.
25 16.  The system of claim 10 wherein the individual component is a hydrocarbon

intermediate species.

17.  The system for claim 16 wherein the hydrocarbon intermediate species is an unburned
hydrocarbon.

30
18.  The system for claim 17 wherein the unburned hydrocarbon is formaldehyde.
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9. The system of claim8 wherein the unburned hydrocarbon is fornmal dehyde.
10. The systemof claim1l wherein the residence tine is predeterm ned such
that at |wesb11a2g32edet er m ned percentage of the indivi dealr/useompomesag of the
turbine discharge streamat an exit of the turbine is converted to an

equi librium product at an exit of the plenum 15 11.The system of claim 10
wher ei n 1bhe phedgtemrbhenirper o¢pBtcagehd seshlRfee time 132prea'd‘n@’nﬁ1ye$1t euchothacthai m 10
wherein the predeternlned percentage is 75% he system of claim 10
wher ei n RHEdpplecpaImongRtRIthy SpbEst Hif@a1es Ygom roerts Chenilaaﬂyrﬁ%tﬂs% fdiyigralc) ai m
10 wherepp, ¢ M ey, QIRCRERH N The systemof claim
10 wheranp%ﬂglkﬂ%?v?g &hwgonponentapgxggr%%ﬁ“ﬁgﬁ 0‘lvée 25 16. The system of
cl aim 10 wherein the individual conponent is a hydrocarbon i nternedi ate
species... 17. The s stem.fo aim 16 .wherein the drocar bon .i nter nedi at e
Shecite s - aBHRH By LB Daanaygoe oy Sdnor shencind i S aer i n
t he unbuypngdofai AR RRAI tbdr Q5 Mhdehuasper-WR1i3R11/ 028322PCT/ US2010/ 041548
19. The systemof claim1 wherein the re5|dence time is predeterm ned such
that the individual conponent of the tur b| ne di scharge streamreacts

chemi cal,ly u the i IVI 'S sui tab use with an
Enhanced G ”f%scse;etswyofg 818&35 r% %‘faérﬁOBPOBT‘ﬁﬂ?nCTSOMQr“SF‘Wet%S

i ndi vi dujd c@mmﬁaﬁcmldd ﬁas@@bﬂ@éhtﬁﬂdn%dilﬁil &x&g@@, thas 1 600cRE RE-hallioan equal to
or Ileoss than 10 parts-per-mllion.

22.  The system of claim 1 wherein the residence time is substantially between 0.1 and 10
seconds.
23.  The system of claim 1 wherein the residence time is substantially between 0.1 and 2

15  seconds.

24.  The system of claim 1 wherein the residence time is greater than or equal to 1 second.

25.  The system of claim 1 wherein the plenum has a center line length substantially

20 Dbetween 10 and 30 meters.

26.  The system of claim 1 wherein the plenum has a center line length greater than or

equal to 30 meters.

25 27.  The system of claim 1 wherein the pressure of the gaseous combustion stream is

substantially between 12 and 18 bar prior to being acted upon by the turbine.

28.  The system of claim 1 wherein the temperature of the gaseous combustion stream is
substantially between 1900 and 2700 degrees Fahrenheit.

30
29.  The system of claim 1 wherein the temperature of the gaseous combustion stream is

between 2200 and 2500 degrees Fahrenheit.
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21. The system of claim 19 wherein the individual conponent is carbon
nonoxi de and the carbon nonoxi de has a concentration equal to or |ess than
1000 partwopert/azsi2ki on. 10 22. The system of claim 1l wireraisnomwielsnesi dence
time is substantially between 0.1 and 10 seconds. 23. The system of
claiml1 wherein the residence tine is substantially between 0.1 and 2 15
seconds.30. 24 ThEhgstyistogneleiin dl aihviein Whepasdout henibastiche Beeant | iIFBubStagiadigt er
than or equal to 1 second. 25..  The system of claim 1l wherein the plenum
has a c&Rtween|70sad BRpeicRntiaonHexids| y 20 between 10 and 30 meters. 26.
The systemof claim 1l wherein the plenumhas a center line |length greater
than or equal to 30 neters. 25 27.The systemof claim 1 wherein the

pressur élof the gateows dambustvhomrinstheeprossise sutbtht atothisd Idyschapwestrrarh2isand
18 bg{ prior t gﬁjng acted upon by the turbine. 28. The systemof claim1l
wher nSPW%mF@ﬁ% rdt-ure of the gaseous combustion streamis substantially
bet ween 1900 and 2700 degrees Fahrenheit. 30 29. The systemof claiml
wherein the tenperature of the gaseous conbustion streamis between 2200
and 25002degrldessyBeehr oh hadim 1 1201 110 p83R2POT/ thS20MN 4lish8ge 3Meamhis
system of, ¢l ai wher ei n e _gaseous conbustion streamis substanti al
betmeen596&%ﬁﬁﬂgéewﬁ?ﬁzﬁPdégpbon di oxi de. 31. The system of clain11y
wherein the pressure of the turbine discharge streamis 5 substantially 1
bar. 32. The systemof claim 1 wherein the pressure of the turbine

di sctar gé. st ldanyptsmsobskentli whpigirdonisemperptugp pf2hg gyrbine discharge stream is

between 1200 and 1800 degrees Fahrenheit.

34.  The system of claim 1 wherein the temperature of the turbine discharge stream is
between 1350 and 1700 degrees Fahrenheit.

15
35.  The system of claim 1 wherein the carbon dioxide stream is compressed in one or

more compressors prior to being received by the combustion unit.

36.  The system of claim 1 wherein the plenum is in fluid communication with a heat

20 recovery steam generator.

37.  The system of claim 36 wherein the heat recovery steam generator is configured to

generate power.

25 38.  The system of claim 1 wherein the plenum is directly coupled to the turbine.
39.  The system of claim 1 wherein the oxygen stream is generated using an Air
Separation Unit.

30 40.  The system of claim 1 wherein the control fuel stream is generated from at least one

of a carbon dioxide flood reservoir and a hydrocarbon fuel supply pipeline.
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10 33. The systemof claim 1l wherein the tenperature of the turbine

di scharge streamis between 1200 and 1800 degrees Fahrenheit. 34.The system
of cl ai mwowhawres3z2t he tenperature of the turbine di schacgassawmarsus s

bet ween 1350 and 1700 degrees Fahrenheit. 15 35. The systemof claiml
wherein the carbon dioxide streamis conpressed in one or nore conpressors
prior tdlbei e I’s@ﬁeﬂn\/(ffd:ld’im I hherpirthdsdatton disititle stream c@@pristl detiyceh MM ald
claim1l mhereln the plenumis in fluid comunjcation with a heat 20

r ecover y 08 pergiigeies %?trmn dioxide frpppthg pascons eIMBYSHPRSEE Wher ei n t he heat
recovery steam generator is configured to generate power. 25 38.The system
of claim1 wherein the plenumis directly coupled to the turbine. 39. The
syst em df. cl dihm systetmesteclaint Hewhotyigethe shrbeandio:sdgstmemati e denesatod) fimm An oil
Separ t|o Unit. 30 40. The systemof claim 1l wherein the control fuel

stre "lyenerated fromat |east one of a carbon dioxide flood reservoir
and a hydrocarbon fuel supply pipeline. W 2011/028322PCT/ US2010/ 041548
41. The system of claim 1l wherein the carbon di oxi de stream conpri ses

bet ween 430 arldhe s9gcpafetaim lofvhehim theciban dicxxdeddreamosgetrsatgdpamasly from

conbustl strea S m of ¢l aim.,1 wh in the  carpon dioxide
e T eam rTyoiur v st TR SEHEHRS turfls® hdm LG b OE AR s 1
the car hoBerbr¥d gendtieatn 5 s¢RAersatRd dafihgRbhiiductdpetatiohidfhe SREEgAUr i NY
startup of the oxyfuel gas turbine systemand the carbon dioxide streamis

geneltat d@rbpicisyeiem y from a second source during continued operation of the
oxyfuel gas

44.  The system of claim 43 wherein the first source is an oil well and the second source is

the gaseous combustion stream.

15 45.  The system of claim 1 wherein the carbon dioxide stream is compressed between

substantially 12 and 18 barg prior to being received by the combustion unit.

46.  The system of claim 1 wherein the plenum is in fluid communication with a steam
reformer and the steam reformer is configured to use heat from the plenum exhaust stream to

20 reform water and methane in the control fuel stream into hydrogen and carbon monoxide.

47. The system of claim 46 wherein the steam reformer is in fluid communication with

and located up stream from a heat recovery steam generator.

25 48.  The system of claim 46 wherein the steam reformer comprises a heat exchanger and a
catalyst.
49.  An oxyfuel gas turbine system comprising:

a combustion unit configured to produce a gaseous combustion stream;
30 a turbine configured to receive the gasecous combustion stream, expand the gaseous
combustion stream, and exhaust the expanded gaseous combustion stream as a turbine
discharge stream wherein the turbine discharge stream has a temperature of at least 1200

degrees Fahrenheit; and

-4 -



10 turbine system 44. The system of claim43 wherein the first source is
an oil well and the second source is the gaseous conbustion stream 15
45. The sywoenmiaRsx2kai m 1 wherei n the carbon di oxi de str eamusgoloonsressed
bet ween substantially 12 and 18 barg prior to being received by the
conmbustion unit. 46. The systemof claim1l wherein the plenumis in
fluid comuniagadahorrfovhich confitueatorefdvame tabihetdiehsige amrednef aimerheasrom
configured to use heat fromthe pl enum exhaust streamto 20 reform water
and et RihBTPIRC diehargnsirem: fayéﬁraél@ﬁeé&}ﬁ hest ripodriogeR BRe SEedB & 2RsHYR idde.
47. The 46 wherein the steamrefornmer is in fluid
connun|é§¥?%ﬁq&9%ﬁg 3’ ‘ocated up streamfroma heat recovery steam
generator. 25 48.The systen1of claim 46 wherein the steamreforner

t h t t. 9 Al t b t
SOQUIGE Bie: TRl P AR W S e R A U e

stream ,3@aubUgbl dgasonfigured to receive the gaseous conbustion stream
expand t he gaseous conbustion stream and exhaust the expanded gaseous
conbustion stream as a turbine discharge strean1mherein t he turbine

VO 201110253030 RS DaTaas oin e e RN ARy MRS R orea 10

receive the turbine discharge stream extract heat fromthe turblne
dischar%e stream and transfer the heat into a refornmer feed streamto

genettat 82a r dihesiEempf sk 51 stheeimthegehgmyhiscd yiseanpinstudes earhomdioniser ei n t he

reformer feed streamincludes at | east a portion of a control fuel stream
51. The system of claim50 wherein the reforner feed streamincludes steam
53.  The system of claims 50 wherein the combustion unit is configured to receive an

oxygen stream, a carbon dioxide stream, and a combined fuel stream, wherein the combined

fuel stream comprises a mixture of the control fuel stream and the reformer product stream.

15
54.  The system of claims 53 wherein the combustion unit is configured to combust the
oxygen stream, the carbon dioxide stream, and the combined fuel stream to produce the
gaseous combustion stream.

20 55.  The system of claims 50 wherein a portion of the reformer product stream is further

shifted and separated to generate a hydrogen-rich stream and a carbon oxide-rich stream.
56.  The system of claim 55 wherein the combustion unit is configured to receive an
oxygen stream, a carbon dioxide stream, and a combined fuel stream, wherein the combined

25  fuel stream comprises a mixture of the control fuel stream and the carbon oxide-rich stream.

57.  The system of claim 56 wherein the combined fuel stream further includes a portion

of the H2-rich stream.

30 58.  The system of claim 55 wherein the hydrogen-rich stream is suitable for sale as a

product or to be piped to a different process.
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10 52. The system of claim51 wherein the refornmer feed stream i ncl udes
carbon dioxide. 53. The system of clains 50 wherein the conbustion unit is
conf i gur edlot201ve8B2ve an oxygen stream a carbon di oxi decCtuse@njo4engl a
conbi ned fuel stream wherein the conbined fuel stream conprises a m xture
of the control fuel streamand the refornmer product stream 15 54. The
system @b. cl diesys@dmwbieeleints 4% evherifb tst tefdrmeniid copladrf & Gustadcdvert orbust

t he oxygen stream the carbon dioxide stream and the conbi ned fuel stream
to prodeeerates iy duhissoplinails tyrbime sischaige sYers5 The system of cl ai ms 50
wherein a portion of the refornmer product streamis further shifted and
separated to generate a hydrogen-rich stream and a carbon oxide-rich
stream 60. 5@&heThsteay sif ectaiafs 49 durth&GScahprigng at plencamogsted cupstroarh  ofsthe
configured to recei.ve, an. oxygen s%rea a carbon dijoxi de stream @gﬁl a
conbiTnediPTB SYERM GRS ETIZYTH; AT YEC A EPIdSRGCe U i WRigh gn

m xt ur e iQfividie GAPoneht Sk ni%ﬁﬁ%ﬁ&ﬁ%ﬁé&%ﬁ%@&@ cRethidity lowhrd by @&RBRumS /-
The system of claimb56 wherein the combined fuel streamTfurther i ncludes a
porti on apf suliseankally tatveys pe anternBdiat8prodect 4y an equibhriwh aiaduss wherei n t he
hydrogen-rich streamis suitable for sale as a product or to be piped to a
different process. WD 2011/028322PCT/ US2010/ 041548 59. The system of

clai ms 49. whemgi gysteheof efafh Moer furthe 0opRdng @ Ieah e@ovEGCAYRNR Yehdr8@Mdown
generator for further cooling the turbine discharge stream 60. The system
of clti nieyy fionr theaefoderpri sing a pl enum | ocated upstream of the 5
reformer, wherein the plenumis configured to provide a residence tine
during which an individual conponent of the turbine discharge streamreacts
chegi caleky tcﬂ@r@stiem;bf bllafriwn% afaﬂhau&nﬁmﬁmﬂgaﬁ |pYerﬁ;1ﬁﬂV@I1ﬂ?‘d aflwhmteamnfeﬂﬂﬁth e
product to an equilibrium product. 61. The system of claim60 further
conpri sir?f@rraennéf&er%é%@/@kyu%& isagangensf degirodidens roldsheceme rqustet waich an
ref or mer.. 4 t i f | S] pl ed
Gounst o Bfal, ERoRE GO Bl TRl ek e TRENENTOIRRY SHITRERE 2
r esi eneed sulmwandially nepvetts e irgernicddhitospradadt te empaniiurofprdduet. t ur bi ne

di scharge streamreacts chemcally toward equilibrium 15 and substantially
converts an internmedi ate product to an equilibrium product.

63.  The system of claim 62 further comprising a heat recovery steam generator down

stream from the plenum.

20 64.  The system of claim 49 wherein a distance between the reformer and a discharge

nozzle of the turbine is less than 5 meters.

65.  The system of claim 49 wherein the residence time between the reformer and a
discharge nozzle of the turbine is less than 0.1 s.

25
66.  The system of claim 49 wherein the gascous combustion stream has a temperature

substantially between 1900 and 2700 degrees Fahrenheit.

67. The system of claim 49 wherein the steam reformer is in fluid communication with

30 and located up stream from a heat recovery steam generator.

68.  The system of claim 49 wherein the steam reformer is directly coupled to the turbine.
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63. The systemof claim62 further conprising a heat recovery steam
generator down streamfromthe plenum 20 64.The system of claim 49 wherein
a di st ancwohletvess?2t he reformer and a di scharge nozzl e ®CTiUseoWOutsUhe i s

|l ess than 5 neters. 65. The system of claim49 wherein the residence tine
between the refornmer and a di scharge nozzle of the turbine is less than 0.1
s. 25 @6, Thaesystaofefainl49iwhetSinwhesteim réfbngadapuiscCohdi sk¢hanggtahdam has
a tenperature substantially between 1900 and 2700 degrees Fahrenheit.

67. The c@¢bem of claim 49 wherein the steamreforner is in fluid

comuni cation with 30 and | ocated up streamfrom a heat recovery steam
generator. 68. The systemof claim49 wherein the steamreforner is

di rect | yOcoupredethod fdraust smithi amenxyio! 21t BRESRRACTHAIS20000cOhhHIBe: 69. The

system of claim.49 wherein the steamreformer conprises eat exchanger
o o cat al y EOvidiaE A Ay e MY b TR SHF B deloTGASE B FG. yar em

the method cepRbLSiHGhe 593?@‘(1%%&}9, A8 cHO¥A AL 8RN, SnERERBAE B #Ram
stream and a control fuel stream conbusting the oxygen stream the

car bon d¢ psoddes & gaseawn comtfuistiresteeont.r ol fuel streamto produce a gaseous

conbustion strea expandi t he gaseous co stipon.streamacross a

Curbine to 1 GERSINEI5a R, SUBBRLOR AT FaRset TUTHe KhaMhah soPidid a

r esi deng@sdoufBorhBistibh 8tréxvipamded gaseous conbustion streamto reach

substantial chem cal equilibriung)mherein the residence time is provided by
h

a plEhum confrgidiad a eesidsnes Hmentor dhp erprMlcd aees oYSEN Sficast teapachor
the feskﬂ&ﬂ&ﬁm{kggngghgﬁu¥$ﬁuﬁﬁQwﬁﬁgﬂgﬂig%gg&ﬂkghﬁg &“&%0&&8; na bithil the

step of "géenera romthe ste expandi ng the
conbust iconfigire & meadn s xparided ghdrGus combustion stream for the residence time.

71.  The method of claim 70 further comprising the step of generating power from the step

15 of expanding the gaseous combustion stream across a turbine.

72. The method of claim 70 further comprising the steps of:
extracting carbon dioxide from the gaseous combustion stream; and

applying the carbon dioxide in an Enhanced Oil Recovery process.

20
73.  The method of claim 70 wherein the residence time is substantially between 0.1 and
10 seconds.
74.  The method of claim 70 wherein the residence time is substantially between 0.1 and 2

25  seconds.

75.  The method of claim 70 wherein the residence time is greater than or equal to 1

second.

30 76.  The method of claim 70 wherein the plenum has a center line length substantially

between 10 and 30 meters.
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72. The nmethod of claim 70 further conprising the steps of: extracting
carbon di oxi de fromthe gaseous conbustion stream and applying the carbon
di oxi de iwoOaniifnkaced G| Recovery process. 20 73. Thecwaishad/oofs4gl ai m 70
wherein the residence tine is substantially between 0.1 and 10 seconds.

74. The nmethod of claim 70 wherein the residence tine is substantially

bet ween 70, 1 amd rdetR&d s€claitlg0 whebein ThepRBimddas af ceateailine Téhgohgreaicn thdneor
residence tinme is greater than or equal to 1 second. 30 76. The met hod of

cl ai m 76G9WHd? &9 Metdie pl enum has a center line length substantially between
10 and 30 neters. WD 2011/028322PCT/ US2010/ 041548 77. The method of claim
70 wherein the plenumhas a center line |length greater than or equal to 30
meters. 78. e nidikodvet dad 80 whb@imthéComtbestaigrst¢fhgroduets uggassogs soapugionduces

a gaseous conbustion 5 stream having a te at bstantjal ]y between
g PR ARG AN RISt ST e

conbusting step produces a gaseous conbustion stream having a tenperature
substantially between 2200 and 2500 degrees Fahrenheit. 10 80. The nethod of
cl ai m 70%herldicnmathed elostbins70 nhewireihc goodusteg derpproduiss agandsus cpmhusiioneam

A IR e A R e T R Sl e (S

conpressing the carbon dioxide streamprior to the conmbusting step. 15 82.

The met hod of claim 70 further conprisigg the step of generatingmgomer,
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81. The method of claim 70 further comprising the step of compressing the carbon
dioxide stream prior to the combusting step.

15
82.  The method of claim 70 further comprising the step of generating power, using a Heat
recovery steam generator, from the expanded gasecous combustion stream after the step of

providing a residence time.

20 83.  The method of claim 70 further comprising the step of reforming methane using heat
extracted from the expanded gasecous combustion stream after the step of providing a

residence time, wherein the methane is reformed into hydrogen and carbon monoxide.

84.  An method for use with an oxyfuel gas turbine system, the method comprising:
25 providing an oxygen stream, a carbon dioxide stream, a control fuel stream, and a
reformed control fuel stream;
combusting the oxygen stream, the carbon dioxide stream, and the reformed control
fuel stream to produce a gascous combustion stream having a temperature of at least 1800
degrees Fahrenheit;
30 expanding the gaseous combustion stream across a turbine to form an expanded

gaseous combustion stream; and
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extracted fromthe expanded gaseous conbustion stream after the step of
providing a residence tinme, wherein the nethane is refornmed into hydrogen
and car bomormoniozgzte. 84. An nethod for use with an oxyfuelCTgssomwosisuhe
system the nethod conprising: 25providing an oxygen stream a carbon

di oxi de stream a control fuel stream and a reforned control fuel stream
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control fuel streamto produce a gaseous conbustion stream having a
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fuel streamto formthe reformed control fuel stream using heat extracted
fromt he _expanded gaseoys c ustion stream wherein the reforned contro
fuel st Mam [0¢ 3%@@?@?%%%%%}5&% © PP 1Y SPEGUHERONS 95t B S8 t he
control gfreedandinoqRibaseo@toMifistitit R créxs @ltip@e, f ur ther conprising the
step of generating power fromthe step of expanding the gaseous conbustion
stream across a turbine. 86. The nethod of claim 84 wherein the conmbusting
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stream having a tenperature substantially between 2200 and 2500 degrees
Fahrkhhei t . 88. The system of claim49 wherein the reformer is selected
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stream having a temperature substantially between 2200 and 2500 degrees Fahrenheit.

88.  The system of claim 49 wherein the reformer is selected from the group consisting of

15 a steam reformer and an auto thermal reformer.
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