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[ 0001] Thiwoapdosabi on cl ains the benefit of U S. proviperarsadiipadisent
application nunber 61/361,178, filed July 2, 2010 entitled "Stoichionetric
Conbustion of Enriched Air Wth Exhaust Gas Recircul ation”, the entirety of

which is i ncorporatflq) fl@ﬁre j ﬂd&) i Bﬁﬂﬂél i on contains
subject matter rela edﬂﬁf/%i@.&@ a en§ %i)l&]; cat ig)élnigﬁulRﬁ er ﬁqggl 169, filed
July 2, 2010 entitled " SystiExaPAURTtHRERECIREPMAPION NG 10 Conbusti on of
a Fuel"; U S. Patent Application Nunber 61/361,170, filed July 2, 2010

entitled "Low Em ssion Triple-Cycle Power Ceneration Systens and Mt hods";
U.S. Patent Application Nunmber 61/361,173, filed July 2, 2010, entitled
"Low Emi ssion Tripl @W@SMEW@E%W@&MLk&deS"; u. S.

Pat t i ti . N . 61/361,176, il | 2 01 titl.ed
o o eht IR A betien s e Snetil o5l S viond i SR pSBapmber
Cont act @uoej@ri7s, dicd nffatenoidrplilcatserniinies MRRdor 80 Hhriked AW Wik

2010, entitled "Low Emssion Power Generation Systems and Methods". FIELD
[ 0003] Endodianst kias RetireHatiaf"sihk esiiicty ofevhick istiocarpovatedibygeerengohercingener at i on

in combi -cycl e power .systens. re particularly, odi mrents of the
di'scl osurR0fg) o i_‘*tso_a Tehior 8 ing S TeLE Y NAS %@teat e
enhanced 1¢ahhene HBeKI Se ﬁl@&%ﬁul t “%@Gt&ﬁﬁe@“@g%ﬁk Ui VRIS ntrolling

[ 0004] This section I's intende 0 introduce various aspects of the art,

whi chl(rayCdnebwmtgisoeif at Edelivi Uh SeXetept avpplieativodNmmhers6 bB61,heé0, piled dnty 2, 2010

di scl osure,. Thi,s di.scussiqn |s 2 elieyed to assist in vi di a

fr amor e HS st iEaos Mel e ofTe Rk EYShan i S ahs okt BIHo B A sr Ratsit ¢ ne
present discasst Sunee @ disnahy, fiidd Ripa! dobe dunded STERAEMDBont TiisicX8&td on

should be read in this |light, and not necessarily as adm ssions of prior

art. [000%war ((enpiation Spyibme aedMedradsorl).§l Baent Aprilisatien Nhabgeo Hsl .t Ke filadpact

of O e R5h0s10 CHRNAS SuliRfoRSi AR VP ISARLY Gl RIS and
15 Direct Contact Cooler”; U.S. Patent Application Number 61/361,180 filed July 2, 2010,

entitled "Low Emission Power Generation Systems and Methods".
FIELD

[0003] Embodiments of the disclosure relate to low emission power generation in
combined-cycle power systems. More particularly, embodiments of the disclosure relate to
20 methods and apparatus for combusting a fuel for enhanced carbon dioxide (CO;) manufacture

and capture.
BACKGROUND

[0004] This section is intended to introduce various aspects of the art, which may be
associated with exemplary embodiments of the present disclosure. This discussion is
25 believed to assist in providing a framework to facilitate a better understanding of particular
aspects of the present disclosure. Accordingly, it should be understood that this section
should be read in this light, and not necessarily as admissions of prior art.
[0005] With the growing concern on global climate change and the impact of CO,
emissions, emphasis has been placed on CO; capture from power plants. This concern
30 combined with the implementation of cap-and-trade policies in many countries make
reducing CO, emissions a priority for these and other countries as well as the companies that

operate hydrocarbon production systems therein.
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30 conbined wth the inplenmentation of cap-and-trade policies in many
countries nmake reducing CO2 em ssions a priority for these and ot her
count ri eswa01loBo7as t he conpani es that operate hydrocarboruspeioasaste on
systens therein. WD 2012/003079PCT/ US2011/ 039829 [ 0006] Gas t ur bi ne
conbi ned-cycl e power plants are rather efficient and can be operated at

rel ativelpgod@w ceat tWhRR BRIPRRUEY cleDoNeh BlantefBRRhQAirRSien St aB e RPRIat@Nd
nucl ear. Capturing CO2 fromthe éxhaust of gas turbine conbined-cycle

pl ants, howelagrslyclaw bestawhdn compartdrtosether schnaagionssuckors pord tandceycledier e

[ [ I I ' f I he, 5 h d h
| ar g vortuire §8 PR SAAE of e b 8o RV Tl aBRIF G P BF 1 en

requi r ed difffcartdor RbE@NkadY. Foeingihad sheré B (9piCkIR; £ RN LR eiyBilot I @ ih e
exhaust can becone saturated with water after cool |£g, t her eby i ncreasing

t he reboiaxbpusgageypirpd fhide tmge Falymeral 2ay Hrabmusidhieatedo miviser dddiitonplscaoling is
i ncl ude the | qw. . iti
I ncluge | Hr%\(uperda@e% e%&ﬁ(ﬁcllrg 8§ e‘iﬂﬁﬁg gc% %%zoéaé)g&&Fg?ﬁe&lra%%:‘{ggteld){autst ¢

cont ai ne e exhaust thése ors r In a CcOoSs (6]
10 capt urtecoémenugeased withi weec afidyi cveting ythbebp oneeaspigatht sebdilRddidfyAin thed=d, one

approach to lowering CO2 em ssions i n conpined-cycle syste i ncl udes
st oi chi or?éP‘i“FfbSﬁ&%u&“?%r?o%’ém’e%ﬁ%?ang@gaﬁ%@?er loW BrerEe 2 lasgcctpEHeS ¥hal

exhaust gﬁq?géé{;gb%uh%b&ain%mﬁ RO RUER A% & MakHhabrdas CAPLIRdGXR ),

(NGCQ) conponent o e exhaust gas 1s m xe ient air
and i M r cepwedfromtgas tirbinc copmbesdaycltposecplants. of a gas turbine. Typical CO2
concentrations in the exhaust of a NGCC are around 3% - 4% but can

i ncrease [48®%e 49 vpash oag HRERach deilpwariag (K. cmissiope i tBIvINCdoiygiensystma

NGCC t. Lk . 400 [N 0 '
doquat o ERBIE AL BnBHoLRIN o e Bl AR BRANE L WIRchah B8, o
t he air vnpkunreiraditias sasera, diutluent a tratureldgaatentbiredt eypgler @CE), andecyaddd t he

exhaust to a tenperature suitable for. 20 introduction jnto the succeedi ng
expander <OpRenFLN 41 Preadstsp i BlﬁxeéfW%ém%séﬁaa%@néé@rq rcbialen erapannegspor

concepd r abbith gﬁketu?&ﬁéut?ggicﬁ\ﬂ"t@? cERRNBRRIN G Ehab& HSEAGRT Sﬂ%ﬁargﬁﬂ&e”t

in the conbustion system 08] However, due to the nol ecul ar wei ght,
speci fi ¢ Heat4%Nadvanumdease ebdect’s, wigh exhapft r@@Rculationhdutopsiagni.f dopaerttional

nmodi fi caty to either.the conpressor ar. the expander sections, 2

St andar d WGt DPATPRAHITE P71 1RGT 207 67 (e Torltar FaLrEn b 0 e an
be tol er atqechibMetrRe&oBMUBERSSH tAS fifc® Gl hiRNthefrerhARing @024 bf Mk RE Vol @R §diees as a
exhaust. For exanple, the limt on CO2 content in the exhaust recircul ated

to the colfyeristi sipdsese ithen taptpeseteicarineadlghs exdepitne ¢ Jempuatirowta ot
[ OOOQM\/D NS lction r}Stot R gl?clceel}i%:gc e%’ésntdg{.“ %&%‘éﬁﬁﬁné %nglrtf%ﬁsgfr ﬁleeéﬂl%% X gé{\éh i ch
increases the CO; concentration in the exhaust, which can subsequently be used as the diluent

in the combustion system.

[0008] However, due to the molecular weight, specific heat, Mach number effects, etc. of
CO,, without significant modifications to either the compressor or the expander sections,
25 standard gas turbines are limited as to the concentration of CO; that can be tolerated in the
compression section of the gas turbine from the exhaust. For example, the limit on CO,
content in the exhaust recirculated to the compression section of a standard gas turbine is

about 20wt% CO,.

[0009] Moreover, the typical NGCC system produces low pressure exhaust which
30 requires a fraction of the power produced via expansion of the exhaust in order to extract the
CO; for sequestration or enhanced oil recovery (EOR), thereby reducing the thermal
efficiency of the NGCC. Further, the equipment for the CO, extraction is large and
expensive, and several stages of compression are required to take the ambient pressure gas to

the pressure required for EOR or sequestration. Such limitations are typical of post-
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30 requires a fraction of the power produced via expansion of the exhaust
in order to extract the CO2 for sequestration or enhanced oil recovery
(EOR), t hwoebi/msaaci ng the thermal efficiency of the NECT/USBuntbesey t he
equi pnent for the CO2 extraction is |arge and expensive, and several stages
of conpression are required to take the anbient pressure gas to the
pressure dogfbhdbtiedcdrBbn BHRuRY 8R0S HFR5UrO Rxhake AsdobBtddaditANge *bMbLMRInCet  Of
post- WD 2012/ 003079PCT/ US2011/ 039829 conbusti on carbon capture from | ow
pr essur e ahdrdosst! fagdscormaseeahi t h the conbustion of other fossil fuels, such

as coal 0] f.or egoi di scussi on.of need i s intende

be repr eéhﬁf‘ﬁt Eﬁ? fathaing dReyssia oyt e i Hets%%ﬁ&r@we%raaﬁn&w ﬁ@tﬂene
or nore SHehAeeMSve. OR ReMH 1Y é‘ddrés@ tcﬁfé ot PBRY LA R8s, iR bR Jith&! dlarippul d
benefit power generation in conbined-cycle power systens. SUMVARY [0011] The
preseni dhsdtmsingen ihe fotild, eotuddibensfii powegrgnedtiey st @nmsbiseiEc okt prods sfgems.

i nprovi ng power generation systens. I n sone_inplenentations, the present

di scl osure provides a gas turbine s nprising a first conpressor, a
second c SSO a stlo cha r, nder The St
corpr essdP Ty e CRFREr SR T8 RE dacbnrande cbfisPlel SRS it delidider gas
into a cqmmsﬁg@owemgehaaﬁmh@yﬁ&mgasm Ichﬁe SePRMLENCAIBAS, eHS OprefBRY ddglosure
configured to receive and conpress enriched air to generate a conpressed
oxi dant . Proedesosbeast fusbine HaRisey @RPTEIZC sy GPBATSE T dcedcord tRBDESHYF éssed
recycie e 10€,.C s 0 tri

computf SOpRorPARAE 0y CORRERS e Ahm EN: R e iR LA

di | uent taadnodgrase ooptodtekidust gapitatwotsreskie reyplansdaudrgys baheartogiur ed

to receive a discharge fromthe conbustion chanber to generate the recycled
exhaust FREPIHY r@s’apg ERIiguERd IR EFCChiGAnE CORBERSH SRFidhsd d ifdo EFRtc ASRPPESSSE to

drive, ox'ufa"ﬂ?t I {dnusHon Sﬁeﬁn &l by %Qr%hﬁ w2l -to h@%ﬁt} ﬁ%d&&ﬁ S0aLL ¥eQfole

al ternati e present disc osure provi es met h 20 generatlng
power . Emhplsagays amltth@drﬂnpnesﬂed@mdaab anclgmpstoegseomeriaal yeeydivsda Bichstuessim. gHs i n
a mai esso

|
E oot s o B A e R S e B e SRk S P Gerg i as T8 Lo atuesa

oxi dant; e &zp@h@éalrﬁasevoélc%ﬁhwe@ etV diddBarg® TRInE $i%e BorAtds#idRtchamBerdtd uel
in a conbustion chanber and in the presence of the conpressed recycle

exhaust @geratehémemfy@}e@mgm&ﬁggaa dilse rapgales tinghen magebeicoupled to3he first
conpressed recycl.e exha a diluent configured to noderate the

tenperatqu@W ?r%(hlgéhd?ﬁ §?£§%a“ﬂ%ﬁﬂx@$ﬂg§%%ndlng t he di scharge stream

in an expgpfgr t%dﬁftlohﬁﬁstorp%ﬁt%hﬁhbé{ drihy epr%&%t ”&k&oﬁf?@%&%ﬁféﬁ Aledhogener at e
t he recycl ed exhaust gas and eas¥ partially drive the main conpressor.

[ 00132t ideheratig poweaal Eyermplalazl nnetthndxi ingbidy; a)t tvenpessen ratycled eshaust gasoniades

integrated .power 30 generation s ste r in rate wer. .
generat | G0 S PRI rHE KSR 10 APTRat b e 18 AL RO ARS8 RR AT g 4
recircul ahiafisychnGitssdie @a@raietaréan[ﬁe@y@ bRTAATRY) EABMbnSRically béfbusting the
conpressor, a second conpressor, a combustion chanber, and an expander. The

first corpompsessed waidape agdnd ifyelr id at eomlstipy echarter G ias theapresenge efd the
exhaust g%%%nplrestsé)d recyc?()lzfle?u%? nglg P%rgreL%)SZ %%%érgt%? 829 discharge stream, wherein the

25 compressed recycle exhaust gas acts as a diluent configured to moderate the temperature of
the discharge stream; and d) expanding the discharge stream in an expander to at least
partially drive the main compressor and generate the recycled exhaust gas and at least
partially drive the main compressor.

[0013] Still additionally or alternatively, the present disclosure provides integrated power

30 generation systems. Exemplary integrated power generation systems include both a gas
turbine system and an exhaust gas recirculation system. The gas turbine system may
comprise a first compressor, a second compressor, a combustion chamber, and an expander.

The first compressor may be configured to receive and compress a recycled exhaust gas into
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a conpressed recycl e exhaust gas. The second conpressor may be confi gured
to receive and conpress enriched air to generate a conpressed oxidant, the
enri ched wpDro0t200807g an oxygen concentrati on between aboRCTAGe41%039329 about
50m % The conbusti on chanber may be configured to receive the conpressed
recycl e exhaust gas and the conpressed oxidant and to 5 stoichionetrically
conbust g dohfireibd BRFtIc\WRBARL Past NEcGPIHICRDPRACKEICNEY Be BX{TANSI] BaScSRS MRS as
a diluent to noderaté conbustion tenperatures. The expander may be

conf i gur ednpeess eoerhad air ti gulesatge compnassdeos darbutbcicoricladdaath baving agenggar e
the recycl ed _exhaust. stream e.expander rther. ma e .coupled to the
rst consheuliPonTtnah il FERar BEuRgl ity Sar bmpiy R fhafite} Bl
conpr ess@onfigiied @x Ut tiasonfeistd Wit lc@RhH)ss bemntaiic cotbrdedaoxivat addto
recovery steam generator, one or nore cooling units, and a boost

conpr essdfoichpactisally cerabusé pyudseasmgwheemt the comprepwddentmpdantgas sipted
to a ste r.Ri e . e I.g
configurgg]%gﬁFégépdgg?ﬁégé%ﬁgﬁé?&gg%%§%%ﬁg%hgﬁg§§§§@ggoﬁ% cfégﬁgﬁg*%iﬁ%

t hat genetraiiesa elisehingt daim genwambustidhehaheano genemnat the reckiokdonxdamst strodrm.

cooling upits may be configured to, coql the recycl ed exhaust gas received
from t he A PRI dEBiR L e ARt B FRTE e ﬁ%@égﬁﬁ%%gw,%f@#t
from the ﬂaﬁwgl ek ﬁm%ﬁ{prﬁg&. The RRARE o6 TRALEAAG ?2%319?1},1539 I & hehO ]

i ncrease ‘the pressure of the recycled exﬁaust gas J'ection into the
firstl@onpesgostctn gmonasiaie onher currpreesbegl unas yaldea brbd usmpgessor. BRhEMcat

DESCRI PTI ON OF THE DRAW NGS [ 0014] The f i d oth t f th
o osont  dFEREBSTPan RapOBIO I Bocapmarinns Sounts 30 Retat ppBYER Ok rea | °
ot ai | o0 ,daneh] BihAn: 0rh o A GS e QAL 1bNGSHATRL oshial QRPAGLER o

in which: [00I5]FIG 1 depicts a schematic of an integrated systemfor |ow
em ssi on qowRder fepreptatsicam tatgensrrerceacticd noaso e g, steiot serdiaigr- t bhoore o
nore enbadi nents_descri bed. 16],Fl G depi ¢t not her schenmati c.af an
It ogr at IO RyEr I PR G s B RbH b She BB ST AP R R e

r eCOVES Y, re@BeBf dédig gbrer@Bear@dl to Ferh6vEsindeh 78 Watcrdase thelredlcldd0Bhdldrbis. Bhe
depi cts another schematic of an integrated systemfor | ow em ssion power
gener at i GIPOSNEPTRIMBSHAE BHY TR condieyesk (P INgEReR Hicnprerro Ak ther regipeled exbydt Bt s

Secti on, Fhe- e TG Lahp O ndvifs T Qb P TR ERgRer Pt on

descri bed i n connecti onBNRIEF DESCRIPEFIONNOPAHE DRAVWINEYEr, to the extent
that the followi ng description is specific to a particular enbodi nent or a

parti cul d001e ofht Herqeoaxwentd ditlse| abuntged loif sthe spresene rilletbstie lneyf become

exe r ur poses onl.y .and, si ly. provi.des, a description.of the exenpl ar
oo B B RS Be T PE g e B S erpiioperl airs S RoriSiRg" Y
2012/ 003Q%2RGT6s UB2RABJdiRRAB whidh: t ed to the specific embodi ments descri bed
below, but rather, it includes all alternatives, nodifications, and

equi val er8is]al | Fi@ W ddpidts ahehtmuagc i an integrated cypenofort ey appsivdedower
as used herein are defined below. To

claims. [0019] Various te t he
extent a &ee?rﬁv%@&{ ¢ianced| é‘gfﬁepqu%tacag g OB PHROTS gmRadyenys B%SCBPVEn t he
br oadest initi rsans i th rtinent.5 art hav iven t.h rm as
et oot odUISIN: ¢ FRE PLRA0IN Mo RCRRI RN Sl SRMS el KETLA0n BEL R

UE ed b (r]I gicAcratiie ai EEMMan LAt CO atcc@asy, acedréing td On@ontibid erfiyipanentic@aibed.
obt ai ne
[0017] FIG. 3 depicts another schematic of an integrated system for low emission power

generation and enhanced CO; recovery, according to one or more embodiments described.
DETAILED DESCRIPTION
[0018] In the following detailed description section, the specific embodiments of the
30 present disclosure 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 present disclosure, this is intended to be for exemplary purposes only and simply

provides a description of the exemplary embodiments. Accordingly, the disclosure is not
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froma crude oil well (associated gas) or from a subterranean gas-bearing
formation (non- associated gas). The conposition and pressure of natural
gas can wWioposvmsi7bi cantly. A typical natural gas strearCctarstaiingseet hane
(CH4) as a mmjor conponent, i.e. greater than 50 10 nol % of the natural gas
streamis nethane. The natural gas stream can al so contain ethane (C2H6),
hi gher molgigdd R thvRp&titic BMEsARRMRANRScHIRdDelovi 32 Rh By G RERHAORS hiterRS QY
more acid gases (e.g., hydrogen sulfide, carbon dioxide), or any '

conbi nat ireedifipaioasfantiequivalcnisdilligg svithimthaltzie spioiheed scopi pbthcapensied cms.
contamn such, as water, nitrogen, iron sulfide, X, crude oil, or any
conbi nat | I A her gfalflsmwﬂp@ 8% ﬁe&sh%%ladﬂﬁa drianed Doloys. hoy e oxiBl & Aprghaiceiia o
conmbust i Qiyind §hBf GeflRd BefRMBUGLRINLS &gt e rbr&%%bt%ﬁﬁit%ﬂ?é%@ fn he ek RHRhS
conprising a tuel and an oxidizer and a volunme of products formed by
conbusi i gt have greadhaintrsr astreflecttchim a¢ itabtr anevpointadepubticative aressotdpdtenti s used
to forn1the(ﬁroducts. As used herein, the term"substantially

st oi chi orf80%lc cAwplisd heisin. s r@ "natugel eairbREer of arBrldrGasPoRaRt gy oRtaeidar
ratio of f?&%“&h&é’ﬂﬂ%‘&} gals?oc‘?eﬁ&ggﬁﬁ%?cﬁ-%rﬂ% &%térfa%%@@%%eaﬁhgsf Hﬁat@k%?n-lo%
of the oxygen required r a stoffchionetric ratio or nore p e?era y Trom
about pl ussariated gay. SVhotompesiory ged prassure rafchadtwonl tive cat vanyhsigmétartly. r at i o.
For exanple, the stoichionmetric ratjo ohgéuel t 0. oxygen for. nethane is_1:2
(CH4 + 20¥Pisaladurgl grspiyam spyging ansiiane (FElybasse Qrigr ¢ BT e EER1cS T Yol

to oxy@em@bs, &f e RAARAINGL RYMQAS n{BRASHS IThY rRHRPS AR kiredh ¥a® bRb Bh@MPsthife
conbustion is as a ratio of 25 oxygen supplied to oxygen required for

st oi chi orf€tlés)chigbeibuskerdar weigbhhydsodarlomsdbgutC: 609 hydiogarhbier)t ork, dr: moreacidhor e

referably fromabout 0.95:1 to,abqut.1.05:1. [0022].As .use rein, the
Perm - op st CrRBA el it teoRRAaF by CROGEOTSET R g} B
stream t yjah Gl donfBRREnG IANINAYoN drdirRinghts fshieh 86 wakr Onitrof@V iifd@ salfice] aekty

or mass flowrate). The term "stream " however, does not require a

vel oci ty,cradesyl. or any erplinatinn thergak t i cul ar 30 type of conduit for enclosing
the stre 0023] Enbodi nents of the presently discl.osed stens and .

or ocobbed AN beAaBaT 5 ool ST oL SETBRIER el FiociopbRBPEPICe
for enhanggdiofi HavimBCO VR HORhcBML/ BmpriREes Flcftah®AnaMib &3O Soluhit e
or nore enbodinents, a m xture of enriched air and fuel WO '

2012/ 003@7roRrcty fggnod by 039beging 4l tvactantsivdisrotire entitcaiolymaef thabeactantsi ialubad
stoichionetsrical ly conbusked a si myl t aneous 1 xed wit-h a stream of .
ecyol ed BxREnre PubRiR AL Re S P BERe a0 asTlilF SylkhiOpRel: SR Bon

i ncl udi ngeRFOBUL LEMBIstioANBaSToh MavigCh nR%arGelo of 3mbesties eficla® dxydenh udiing 0
control, adjust, or otherw se noderate the tenperature of conbustion and

t he eXhadem tahgut pigs OF K 19Ycekb By pryyesn exphiedelpr apdoighioretiia ragip QFsmALy

enriched %;Ferabi gﬁto{?e&%ﬁl gﬁé SX BANSL sAasF tﬁé‘Bx;t%égrﬁ&‘lﬁréd%f BRSEH AR ARLAD! -

t her eby oW e exp er to operate at I gher expansion rati os
for the dJwre ckahple, atid ditsichiamggeict eraper af ufed, td hekedyn plfoodusitinge is 1:2

significantly increased power. [0024] Conbustion.in comrercial gas turbipes
at st oi chitévet #¢c €8niﬂi2f’ig6’\£§ Igppagpetihitvcat pipIcbivnetrs srita Pf gueé gmwwng

(e.qg., "slightlvy rich" conbust.ion an. prove ,10 advant ageous .in_order t
el i o nat o Frentsiut’ S THRSTHL S ARt YRR ATRRAT 4 s D R 4

condensi ngybhesuplied otygeh réditred 9ot @6icBhrusd cahhi8an, sack & Abmvabloyt dDgh
content CO2 exhaust stream can be produced. Wiile a gortion of the recycled

exhaust dagbed. b aimmare pecderbly frampeerOftsel toderat Poh in the cl osed
Br ayt on , a.remjnin urge stream can be used f .EOR l.i cati.ons
and or el IBEAT o AOTET R PG g TP L ol 2 AR & B
term stream typically means a moving volume of fluids (e.g., having a velocity or mass flow
rate). The term "stream," however, does not require a velocity, mass flow rate, or a particular

30 type of conduit for enclosing the stream.

[0023] Embodiments of the presently disclosed systems and processes can be used to
produce ultra low emission electric power and CO; for enhanced oil recovery (EOR) and/or

sequestration applications. In one or more embodiments, a mixture of enriched air and fuel
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15 sul fur oxides (SOx), nitrogen oxides (NOx), and/or CO2 being emtted to
the atnosphere. The result of this process is the production of power in

t hree sepaipave/oywbes and t he nmanufacturing of additi onaCTTS2011/039829

[ 0025] Referring now to the figures, FIG 1 depicts a schematic of an
illustrative integrated system 100 for power generation and CO2 recovery
usi ng a CRN@sickibhlcicAly & SAPARTRNY  stASIEOMEHREIY QoRBEst&d afiPSRnultancousl
enbodi ments. In at |east one enbodi nent, the power generation system 1(3/0
can i ncl udized vgthsa steaabi eleresydedenhnost gaharlhe seedn of revyclad salwst pasodensirally,

cl osed Br.avton cycle e qas.turbjne stem 102 .can have .a first or .main
omor o cdpihdie S P INd R B PR Reg AR S B phut ) ad e

can be amythdreeRanddeadte tiRl te@beéiatad of miaistied afdiMelexBalspthangnteds iRy @lR¥eeding
allowing a portion of the nechanical 25 energy generated by the expander
106 t 0 drependehe Aved 195¢bapHERS spriched ain ﬁleanecwé%fg@xlwn@ gafrisaR henan increasqgas

t ur bi ne t . r i in. ssor
104 and SObERH TR0y Mo g MACARRAIGDS obHAR E v IERE. o BiefERL B SPLE

I n ot her senbadicn®nitdschhigeestaperatuhs, thiarchy posduemgsamiflddtlandrexpdpalesr. 106 can
be individualized conponents in the system 102. 30 [0026] The gas turbine
syst em 1d9024n alCembustinuda gowmorcisl ign Ewhimser atl oielwamichier egndigospndiust

a fuel int d via.li 11 1 xed wisth an oxidant i ntroduced vi
l'ine 114guf)%g%{fr@yorS][OrerDh#&etﬂgtﬁ%oéP%ﬁ?lg X(?‘I‘gé f%léqh%?'n %neci%é&glgﬁpi Cnagl @\édé\%any
sui t abb e ddyaitegRNHN @as w0 clihi@dicdtheSédsh o8 %x 8B Wxgkerg admoviikt By @pokid e,
napht ha, but ane, ane, syngas, diesel, kerosene, aviation fuel, coal

derived fo¥@pust Bﬁl‘bg‘; Y p§ing%‘§ﬁ51f o qwlaq, erokedygrhayyh stream, a relatively high content
2012/ 003 P 0 t 1.QF ' ' f

oxi dant \(/tl7 (22 %%e%%%@a%%%%%gﬁ%?d r (1:)1 renodap(gg%:‘%%g q%lr &?%12@%’6%%%‘; g%scoarzh(%w
fluidly aoiligtddort toniphetice mudetdtion iahherblsedl Boayaord cyadapt stindiging grupreegscam

feed oxidant introdu via.li.ne 120. I n one or nore enbpdi rents, the feed
oxi dant (SN erBe4 0" ELIR FRRIcEHS ot G HIGHTE PANFT Cohbr Ry gl ar o
conbi pat i AF§r b%&@géo%b%ﬁmﬁgeh rb%icfé%'(ﬂ@}}), hi/bd 08, Llhg! Qtddas Re ﬁin?ﬁsidﬁé‘repf

at nospheric air and enriched air, the enriched air can be conpressed by the

i nl et conireessolt df1®iseptdeess fyefher productmint ef pbetngn whrcecdseparate ¢yvdes and the

at nospher.i c irt. . Th aﬁgrj cr}e&gai r can have an overall oxygen concentration
of about I%ﬁf)ﬁ%/%u%t ER08h“Bbout 40wt % about 45wt % or about 50wt %

[0027] Theogs)i chRdrifs GRY RS defiiaied, fem SRYRLR! s SRHEGER of Nl Hilshekive

i npl enent’ing 10 vari ougs t echnol ogies upstream t?le I nlet conpressor 118
t o pr oduasteptatede pystarheldOatar. pdvorr gorampiloe, antdh€Osnrecaveey wing & aontbéenaderyicleed
from such separation technol ogi es as br ane separation, pressure sw n
adsor B 1 o A EaRty SCRTITE R G 55T FEPRHMEA (B g Ioa CrEppEache B0 Bas,
and/ or cq¥hbmabh QPsethBIEehn iddIgdLRr 8NaEhiAl kyGan AJ2S ehp&télseliVada ffoaran
air separation unit éASU), such as a cryogenic ASU, for producing nitrogen
for pressupducii®, rehdsad ddrapioe @rcleot Hbe gasirt syswme 102 eaot hayier & dwistf eromainhe

ASU can be rich i X n, .having a ral | ox cont ent aboyt 50wt %
Co about S Ror TR EYEdL '8 Sllfn 105 M, oS, “FBLSRA Shs ARk BV ne
enri ched médhafiog, slebisielliensthyr lgﬂvbdﬂtcegiphﬂgf, tedgedlowmd Hportibh @€ @fS@echanical

at nospheric air to obtain the desired oxygen concentration for the

appl i &at iBarey| soegfuksbnitha cxpandrsstlo) teedrivonthgpanemyresseie iy, Iy geleast one
conbusti q r 110 can . Y y e gas
e DPORIGR, u ho AR, SOUER 1R°El B & RENREE e R REY ShiE CHICHE

and ni t r agetpressopbidesidsexpdingr d0oPo@s frctohgeysbearixdxpusder @agds, irtspettielyl 4kh can
be derived fromthe main conpressor 104 and adapted to help facilitate a

st oi chi orfith§ti eMEPAigents: AtWArTy thet Snaihi enfaRtesser cHih 7edi 6¥Pa8AH HO6C 6#br¥ssed

oxi dant iiﬂdi!vidﬁ@liﬂe%lﬁ;oﬁ{b@nétﬂ?lnﬁlgs%été}ﬁ'162-.2 by noderating the tenperature of
t he conbustion products. As can 25 be appreciated, recirculating the

exhauss ges26]an F8E Vgast aurbiAcr 8acken tie R Lpnelideati 6dmbiktibhecixitrust109as.
[ 0029] An exhaust gas in line 116 directed to the inlet of the expander 106
can be gerBfigued tasombyit gdiyek ngpdecsavis tined1dpnd puxed withjan gxigiat mdyepd t he

conpr esseg, xL q]ei.ﬁ.t M f' &frrx]l%éefe B@dihﬁgtﬁgﬁl%sﬁ%% fhe 1% GOMIERSEHY LAGYR ©

exhaust gas inline 1 east
hydrocarbon gas or liquid, such as natural gas, methane, ethane, naphtha, butane, propane,

syngas, diesel, kerosene, aviation fuel, coal derived fuel, bio-fuel, oxygenated hydrocarbon
-6 -



30 enbodi ment, the fuel in line 112 can be primarily natural gas, thereby
generating a discharge or exhaust gas via line 116 that can include

vol unet riwoporzadaosnts of vapori zed water, CO2, nitrogen, RCTMUSgEN/089822es
(NOx), and sul fur oxides (SOx). In sonme enbodi ments, a small portion of
unburned fuel in line 112 or other conpounds can also be present in the

exhaust gRasdstdek! bf‘ﬁnﬂ%@mﬁﬁﬁnbl@s PR S THN 88 Vi D Tihe M1 ki Fh Rt §QR’d Msmtahe
exhaust gas in line 116 WD 2012/ 003079PCT/ US2011/ 039829 expands t hr ough

t he exparsdeqndi@enict cg@n@smr dd 8 etz soepled pbmrcon@u@mm@lanﬂv@r b0 an¢ @cmt@ssor

gaseons dunaerf i Frna-as inuucth A GRHL i S R FEENTER 5 o

the infl wkiddnt tohignCOABBSBEGdS aﬁmlb&rlemaaﬁﬁclﬁaalr; &r ddnfitenakibhs tﬂemecﬁ“o rthen
i mpl errent ations the exE‘gnder 106 may 5 be adapted to produce additional

nmechani cd e@ﬁﬁ@ﬂ ipfige 1 wcwemauxwtﬁrofcﬂtm@srphsue pi sad cnfhodeirTthe cpughad air
t
Iyetem 199n HEoE RSt SEMALTE bt A AHIPNShrOBE G bRl BT

heat rec (mmos,phstleam Janenatied atiﬂ-dﬁﬁ@)avél_alﬁspvaall sxyngdnarond@mwem of hhaud Bowt%,

coupled to a steam gas turbi 128 | east one enbodi nent, the
conbi natiagﬂuto}S"Yt%‘eaEWéoﬂ% tf‘ﬁ@t(yg’t% i??li@o % turbine 128 can be

char act er[bﬁf‘ﬂ asTe %8}[}@}{ dp{uP %glg ' i e%v%ié%@nk'rﬁes ccelse ne urzilnégﬂgél %flltﬁ% 128

wi th the 'gas 'turbihe sy B and X e

can f oy mpaiblis wfchraolcgmbum@amy@ the pOvedongRas6 8l i ® pbaﬁue, ths wakiclasl #r. NBér al
gas conbi ned- cycl e (NGCC) .plant. The gaseous exhaust in line 122 can be
i nt r oduc &Xemples e pRESBed 2¢ ¢an b deiivadoirg@nwichsepaipiiamicghaplpgipe a3 JmeNca

cool ed e&@?&#@%o@ edsird KB %ggso tfbnor{%?ééraﬁ%)%%r‘%g&soq% C}ﬁg@ ?1 ahl- chl?’o

can be sen steam gas turbiné to gener ectr
power . [Qﬁadl]cThmean@olamdfoexdmlumatlcgmsheraoﬂ i Tie dn3zhedair lben skaaﬂoetdrarlaed frostan
cooling unit 134 adap t@} [50 cool the cool e%ﬁﬁhgust as in line_ 132 and
gener at e & FBIEGN rBRy A b 24 BF daffy 981 F SrodUs e HyOs {or 1PI8ssUEh
i ncl uge, Iﬁﬂﬁteﬁmreothélnﬁmﬁ&e'@rﬁl&%c@%ﬁre&ﬁ%&ﬁSthe WSIWCQ@‘%'@EI‘{& in?Bxygen,
evaporative cooling unit, n‘gn nation thereof. The first cool i ng

unit 134 haamgaalnwebél (Hfdggt em:httm orf ehmﬂéoaft%do abant 7@M%nyTln3)1rwt@hste@m/\eﬁné:re
fromthe cool ed ust gas | |ne a ter dro rea 138

L oo BR S Tt hempotBR it rishid it S sulBh ity B0, ST HERE 5 o
HRSG 126 uhipeodessd@ afkAdsph&iddiPi heaif tBdBire S OXfeh ct)mentrﬁtﬁngﬁaﬁfe%pﬁémi%

addi tional steamin | | ne 130 therein. |In other enbodi nents, the water

recover ed0028 t hdswatldre cESCIdJredpnunnors tdlemdrhelloaﬂ thanotbusiive dthfimberot Ifesan also
dounsL ) o9 2PPL SRt 0%, SN 35, SURELE TR A N Sychnngl ne prpesaes,
di rect ed drgnailPagsihg @@wna%ﬁ@dsge%%mp%a{tg NGhé BEmpRYN8Fe&atdhuddss idlidd ne
132 in the first cooling unit
144 can be derived from the main compressor 104 and adapted to help facilitate a
stoichiometric or substantially stoichiometric combustion of the compressed oxidant in line
114 and fuel in line 112 by moderating the temperature of the combustion products. As can
25 Dbe appreciated, recirculating the exhaust gas can serve to increase the CO, concentration in
the exhaust gas.
[0029] An exhaust gas in line 116 directed to the inlet of the expander 106 can be
generated as a product of combustion of the fuel in line 112 and the compressed oxidant in
line 114, in the presence of the compressed recycle exhaust gas in line 144. In at least one
30 embodiment, the fuel in line 112 can be primarily natural gas, thereby generating a discharge
or exhaust gas via line 116 that can include volumetric portions of vaporized water, CO,,
nitrogen, nitrogen oxides (NOx), and sulfur oxides (SOx). In some embodiments, a small

portion of unburned fuel in line 112 or other compounds can also be present in the exhaust

gas in line 116 due to combustion equilibrium limitations. As the exhaust gas in line 116
-7 -



134 can reduce the power required to conpress the cool ed recycle gas stream
140 in the boost 30 conpressor 142. As opposed to a conventional fan or

bl ower sywsoenm2/wbEIboost conpressor 142 can be confi gur edTius2@onpesess and
increase the overall density of the cooled recycle gas stream 140, thereby
directing a pressurized recycle gas in |ine 145 downstream where the
pressuri z&afBCHrb &A% IeRpdrdee 1385ithaschled MtcRaned pRSS fd AnvEathe mam the
same volunetric flow This can prove advantageous since the main conpressor
104 can kemps¢ssore104,08 WecRa2 L0BB0T9RCTYLWS2 Gl 98RD alsp rirpdutes d@ngascous
directin re .nass t hrough. the LA conpressor. 104 can resylt i

i gher diSUREY i ke 18 Ml e bR 0; SBTRGPRTRli Gr Tt B8t of M o
across t henpr@sadiecydoexhadsghs in fhe384ir Br Joaid D8 ganaitedng dthaeipasgertl06 may
expander 106 can aI{OM/for‘hlgher inlet tenperatures and, therefore, an

i ncr ease herndanipd fipodugaddsigeal mpchapicpl Raveri dhat mey begred for Hthes praesest ed,

this may e agyvant ageous since the -rich .exhaust s in line 6
gener ar | yOIR STHE PaBRF BB tigpesitent HESH bER4ETPG 5 s8R i Frliton
sucti on REETOWySteRl 12eINMBidloCRBRY @8BQ1ImERM, 1he BGR UatmOre4odani ihslugs! & thed
tenperature, a cooler suction tenperature will demand | ess power to operate

t he mai n reengnesison godratar(HEeGOk 426 orasmiler davicgohydjueawplag, tot ysteam gas
; . | ! . 4 g ; 9
Pecond cootiGEHE: B 58! Bne BBl dnf pBRlor b ine RSO RCHE } it

exanpl®@, @eeuffindR8 dinr B cha@otkefgdd a9al power-prodindied allees , R ka0t adle.veln
cooling units, or any conbination thereof In at |east one enbodi nent, the

second cc?@mbﬁﬁitlﬁﬁi"‘fltﬁl/@@ geamurbepystgd Ui, e -REG01 % andthp steam: 2 teibéneel 28
| east - L an.. ,
compr eos i T pfh o A% Redy KRS AR U ALPRAE D Wy b 99S bombined.

cool i ng unytck (NEE Cpepla@tl Siheepabdoas exlzadi inilowrd22cande nesduvat ©rthy HR S4G 126 ar

dropout stream 143. |In _one ar nor nbqodi nents, the water dropout streans
138, 143 VdH OR0RTYS AT Et T30 gy %af?ﬁo?xl%%} &5t h&NF obiled B oOthe

HRSG 126 dqQenafiatie adgh tih an@l 138 €AMb iséht! thNBe 334nt BAT RiFine (189341 JMhtlag
only first and second cooling units 134, 136 are depicted herein, it wll

be 20 appdddioatlededthical pawyr. nunber of cooling units can be enployed to suit
a variety of applications, wthout departing fromthe

scope of. the
di scl osurl@03%]n 1 8¢ coleheEhnyptagasdn Has dih cat Be ssphérip rﬁéﬁtC@OﬁP&P@t 1 3thadapiided
exhaust | i i d j i i it
A meut at JB2obné bifled Sthalis datid Y 15 ERCUALAO, BObIGY ARONE Luy GBI 4 Iri
descr i bedimsincddahiag amitclddr emt ingludle) fod clgaBplePate nt nApplcoctatti aolenttiitd eablers,
" St oi ionetric 25 nbusti on with . .Exhaust s. Recircul ation d Direct
B A e R R AT i R S BT e e S
to the exdgptbd fPtenhdeANSIr8SEHE aﬁ/y: ddndbRRd R RS ERm qié@dolq)eﬁ%x%ausﬁsgasiﬁlsﬁﬁé Ped

therein, the exhaust gas recirculation systemmay include any variety of
equi pnentviadapterddropoyrsovind d 38hdn e hegisenegersbadime e theaw st drpppetssisemf B8

i nj ecti [ th ' h .30 [0035] Th ' . 104,
be con | qiPar e e KRR 2g RATRE41E adeh M Sutob Be T Be athict Pre
145 t o a JAdRRPHLI RO AR 130 thére 18RS ciBBdiRTcAGS thetvAér rbbiB iy Bl vodter

chanber 110, thereby generating t he conpressed recycle exhaust gas in line
144, 25 cHAPB6 sHpin 8P seBde used|fPmethemhdowrsdisamrapplisatioasyvick ag#8PplAmERtAY 145

in the sq%ﬁp C§8ﬂ£. Dg&%&;136 after conpression in the boost conpressor
142 can allTowTo I'ncreased volunetric

[0032] In one or more embodiments, the cooled recycle gas stream 140 can be directed to
a boost compressor 142. Cooling the cooled exhaust gas in line 132 in the first cooling unit
134 can reduce the power required to compress the cooled recycle gas stream 140 in the boost
30 compressor 142. As opposed to a conventional fan or blower system, the boost compressor
142 can be configured to compress and increase the overall density of the cooled recycle gas
stream 140, thereby directing a pressurized recycle gas in line 145 downstream, where the
pressurized recycle gas in line 145 has an increased mass flow rate for the same volumetric

flow. This can prove advantageous since the main compressor 104 can be volume-flow
-8 -



WO 2012/ 003079PCT/ US2011/ 039829 mass fl ow of exhaust gas into the main
conpressor 104. Consequently, this can reduce the anmount of power required
to conpr ewe 2teopr7essuri zed recycle gas in |ine 145 to a&cprusdat msysened
pressure. [0036]In at | east one enbodi nent, a purge stream 146 can be
recovered fromthe 5 conpressed recycle exhaust gas in line 144 and
subsequenthied bERHREHNG AorC®hass ERAN AtQch A8 nfath I'égs%r PR cat r30t &l RigAbed
pressure via [ine 150. The separ at ed Cf% inline 0 can be used for sales,
used in ahthhrge n@smu@s,stésrebm@mlatw@ m@tzhlgénldpr@ssufwattﬂqemcwﬁm@@@@ﬂeadm

i njected 19 a. lerres rial [Es Vol r for enh oi_ | cov y

sonuest r b, PeeSlkcRlior snPaRaL K, UEE S BRAPR 06 L v IGRAFY pie ot
subst ant itahpytrati @i £ eERéfoics af ndLELiiDRxpindeh @06 petved bhd Bffic[dﬁey 114 @andy ned
with a boosted pressure fromthe boost conpressor 142, the CO2 parti al
pressut e @ﬁrch@dpdhtjen@w@aﬁ@ paganzgeope ssehthii gﬁ’eﬂwbh@ﬂw}lﬁ g8n Ve AE o)

gas turbi ﬁmﬁﬁiﬂﬁﬁh%nséﬁ Uﬂbhe%ﬂfg capture in the CO2 separator 148

can be u ert en u5|ng ergy sep on processes, such as enpl oying
| ess ener[gy33 nteﬂﬁic&‘%&:ﬁicﬁ&ﬂbﬁcﬁs&é ofﬁ@s{halﬁ%@msk@fbﬂoa is @l fu@dHoniof iBRLATH UM
carbonate (K2CO3) which absorbs SOR and/ or and 15 converts themto
usef ul compoeadee, &gepleasupitnnaseinerteig mild eie(n@@dsé)s p@‘@ﬁa@s poeratsi theamein
(KNGB) , r

usi ng po?%ggg%%§£g$gon§ eglgéh%féﬁcapture uéﬁl % ﬁ%ﬁngﬁ' (ﬁyg%hWﬂgﬁi
filedld). S45Rah eptiorplp|bccidcten tcemtsd:dohedoolhcngdﬁmassslm s¢ednadl oy L6t PR6\E&dn
Ceneratiogn Systens and Met hods," the contents of which are hereby

i ncor por a%la @oy‘mf EXHRRIACRNG &F MAE diK3CE SPNARH COOHED EMS ﬁ%q%%rsman%aﬁée EPelEient
20 di scl qg 0 i St.f and
consi sti ng pr| maS’ (1%3?/11 Bg?gtﬁ)?ttg%{gééfh,fncagg&asﬂs Bﬁﬁ%@” %@éﬂ %/?egrgn{?& Eéﬁ%&gfmtq%%
separ at orcafi48rvelas annefteocoohmragagind oalrarpomesst ltdse arpestictual ths thee@of chﬂpreﬁmnbe

i ntroduced to as expander 152 t prov de power and an ex a

depr essur%e?%f&tea ‘%’ é&é h&0LPIY, ‘\?1 an |t BrepuIZeq Heeys g‘rﬂ g“éa

for 2ps exappldecoinR ANEH 156 @Qrpﬁlsagexﬂ'aétr SARMbrAX Eéﬁ%’ﬁﬁed %’ﬁte@'%‘i Gt ®sler B 09@5
expander 152 can be optionally coupled to the inlet conpressor 118 through
a conmon sﬁhatht14$54n one ot hwere ambddimeoal theetasot drppalt stroerms)13ﬁer14fé@m converge
coupllng, orti.on of ner at e

xpander BoTEgTdA i e nBEne: (e Red i e BSE AR SR Rlr R ePu e o
t he systanaﬁﬁ@lamkahLdurlng nor mal operation when the gas expander 152 is
unable to 30 supply all the required power to operate the inlet conpressor
118, at 1[6634] on&histanly 158 and tscdmndsoa}innghmim 134 186 tor depided beeins @dwill be
synergistically with the and 152, For .i nstance, the .notor 158 an
b sonbi EPPriEa Tl it REMDER, o repORBE niliso Bt i SRDBYSL HE SYSrevris, ok he
ot or 158dfgﬁéhtﬂaﬁs %ﬂfdugﬂéﬁ%ﬂgoﬁ&ﬁ@ﬂé é/cob@ 8f MRWIcIcRhRY tin fradt coﬁlf&wrmate@ h&Rfmh
expander I'n ‘ot her embodiments, however, the gas expander 2 can be
used to mrva\nnd@dpovm where tho- cov\bdzeml@nsms@?gP(LTN@U@I)JLs_/fOG@@lermmbﬁO an
appllcatlo and not directl dto the inlet ressor, 118,

ool o, SAETatisPpbe hl et At et Ent BBl SRR P ekl by
t he eXparﬁé@énbbaLranﬁet béhcuggntly eedt §.9f Phidsr picessiorentilléd 'I9toishichetaSsES,
t he expander 152 could be adapted to drive a smaller | ar ger) conpressor

(not % v@f)mb%a@n deffafaBayst $10s (Recingplelyn yodepirect ° geqoom "etp eatats of
depressurj r i

o e R B, IR, LRV SS9 el LS e
t he conbidiafasare. ofAst Bescrbad ehepeindere dusti gdseteceatptions sptend I8y anthdeChy
separator 148 can be characterized as an open BraKton cycle, or a.third

power - pr OAHENTR) aBFHERMaPHd toHECYIdaEI cThMEF &S 9rihe eiterATMIDEssOr fArigiertan ve

systens apd ethacstish %H%gdlng the nitrogen gas in the 10 residual stream
151, and varlatlonslthgreo can be found in the concurrently filed U. S

Pat en30 Agpo33jat i Thc efkint b@dfyregs@w ol g5 e ToifheedOre | ecdtoyaind Gesigpratd e
Systens and Methods,"” the contents of which are hereby incorporated by

r ef er encPTEHUEFS ELYIRLAINH INHEhEQ & hapseursi RAminHY pr @sdiove dis presuie of the
[0039] Refc%h{ﬂu&%m&‘é(n{b%r ﬂ@m&eb;ﬂg&fe&fnﬁg thScANREREE (KRGPRTRAASt Bfs iR Mine 144,

illustrative Integrate
As can be appremated cooling the pressurized recycle gas in line 145 in the second cooling

unit 136 after compression in the boost compressor 142 can allow for an increased volumetric
-9-



15 system 200 for power generation and CO2 recovery using a conbi ned-cycle
arrangenent, according to one or nore enbodi nents. The system 200 of FIG 2
i s subst amDi2aldop3ebmi | ar to the system 100 of FIG 1 an#crhseafioss2ai | | not
be discussed in detail where |like elenents correspond to |like nunerals. The
system 200 of FIG 2, however, can replace the gas expander 152 of system
100 W th RadaWRe bf 8aELGUM LD IRE nﬂaﬁﬁc&ﬂﬁﬂeb%yﬂﬂﬂ CQnSQUUBH®S Shik Ren 2ucesdual
stream 151 and generate a conpressed exhaust gas via liné 160. In one or
nor e enmbodiqwshtad, pewier cwpresioecbrexissushe gagssuriectli rweydezasam bac siAS &blee
for inj ectri (gelj[] i ri\ﬁegi a.leser voir for pressure naintenance applications. In
appl i cat ion e1e MEYhane gas is typically reinjected into hydrocarbon
wel I's to |gpad)t i th WelidasPoRS UMIRRMGRTRY 5S¢ Rfed N e146° 81 YR! reSEVeRRIMbRL (HERY
prove advant ageous. For exanple, the pressurized nitrogen gas in 25 line
160 can icestpeadecdhecyelf eshadt gastio linhd 44yadd subschamtiyetdagcdand @Oy sepesitoubd8

net hane gas _can sold or otherw se .used fuel in,related

opl | cat HonarigyEh- 2o BB AR e ARF 18 s SShyryBatOmerie 1% o
3, depi cti@ed ifsr a16d, heked St h@dBick Grédes@R relliving @b, Vadidit Rethat esimpiesicamn00
for power generation and CO2 recovery using a conbi ned-cycle arrangenent,
accor di ngniceted meto @ricientizal spsodiinton eahantekoid yespeery SBORAS scRnGragon, or another
subst anti al Sip 30.. t 0] n F .

Fospect | vamsteg B RE ok s ARl ENE o TR AL S MrRiyul b ounlioR a7 e
el emend s if ¢ihe 43P ootibined Mither BubIrRdPrSssurdSraie ficciodd: cantiRessys14anR000¢ partible a
characterized as a hybrid arrangenent of the power-producing nitrogen. gas
expander PI&PUgsingthecpurge $tigimnl 45 £ar & dBugh higher than b gonvisalioned Lap tarbine

ai it enange, daungt § R CORGLSHA: PR AHEuRRads hh Be LEAGLRS g 167G

2. In one or nore e i ments, e residual "stream -
2012/ 003G Tsehs20dn p88829 sidilacanplbging dbdstenctgyentehyive soleaits. ngt deaki ot

portion of .the residual stream 151 to as .expander 2, and t he sane
tinme di re@&ftﬂfﬂa Sﬁ@@&dm%?woﬁar Pnatt?\é}{;ég)?ghﬁvélllc PR Jﬁ?&w el l0x, wnd’

downs{s eagheQIPIEESRY ukPd MndhduhBE shER -as IgdtAbiuhe @ittiteOE, SO Yk dTek nffAe
respective volunetric mass flow of the first and second portions can be

mani pul at(ENQ0, asl otbepsiopla Eerlizere d Exkempiarye sly steamaly ard ethiode df aswg mosasefimt he

residual stream 151 .to either location to maximz d ipn. [0041]B

usi g enrEICRTHOr G ERE S EoDub B fn S, 1ty it G g
t he exhaustitl6@SLow BnkiSsi®0 TEiplcCOVaN BEWOI GdrbeatidnSysRONLIndIARR0AES, ! et Gydn@M
100 can achi eve hi gher concentrations of CQ2 in the exhaust gas, thereby

al | owi ng dfoyhigtbpis herghecdnearporatod byorekagnee 4@ ithorexdend neb preonsesteigyhduihgaressnt
di sclﬁ)ieddi&%s%%n can effectively increase the concentration of CO2 in the
exhaust gas in Tine 116 to C2 concentrati ons ranging fromabout 1 OM%to

about 20vhs7)To achisryel sHah PSR GQARRNY IRpicRASef E08 268 HHSkHRNpsRaAResr 110
can be adapted to stoichionetrically or” substantially stoichionetrically

conbust antrogrvopimadsabx teneeddiort tled COn s¢namsor 148. almcpre oprars sebodiatssatha n

line 114, where.the ressed. oxidant 15 in_line includes enriched air
et ng - are B e B, PR SR CORSTIER dh 5 RebbstirSo e, DERUAS St R raL:
40wt %  abepindtdWchresQlriZed put, SOWHust @142l InOISERr The dXPERIcAtIS2tdaa be, for
tenperature of the stoichionmetric conbustion and neet expander 106 inl et

t enpefat AaMAld 2 CONEREMICHEIHIrPEENr ShandEnett depigeddhe Bancxtanderel xeran

gas with j j f d e st
gas in 1 RRoRSE SR (SaRe Mt AhinKERer 1R hidtaf RO SRRRC LI Groaig
di | uent . nituhaniceitrbtdirtehta @hert peveli saiptisgr thedn adlosent bgldriyorebf mhapbwer
excess oxygen fromthe exhaust gas in line 116 while al so increasing its
C2 concelbfatcddy e g%@@@ﬂ%\/w oo AV thernlet pamprssen 38 e Kinuigest Aying siart122

can have || &5Sh E%Ebn?l?@ﬂ'tancﬁopé{ﬁr?{?r%q%ﬁp%pe%tidnev@ﬁel{[ﬂﬂ@@a hddk- 138496, RYIRN

or |less than about O.1wt % oxygen, or even | ess than~about 0.00 | w % oxygen.
25 [ 08013]sapplyedkstheonquilrengfwdr tofophesid thy iaket icnmpeasedl 1802t bostomet mator dA8) s

that the expander 106. can be operated at an.eyen hjgher expansjo atjo for
URNRRIAG e et e gt R LR AP 4 R Tl 28
pover . Thh§ah®, Sdendtor 138cahitaReRsinNgalzc8 3RAChhYIRIng AekmE I RE MBS of thdlybteRgen
found in ambient air. In one or nore enbodi ments, the expansion ratio of

t he expankddr theogoioadSean he cenfiged tosmpabothe Powco shart-birome @as expander
corres pori%'l.nqn toaler embodiments, however, the gas expander 152 can be used to provide power to
-10 -



30 about 1 OM % and about 20wt % CO2 recycl e streans, respectively.

Enbodi nents using enriched air having about 35wt % oxygen can be used in
order to wohnevm3i’he about 20wt % in the CO2 recycl e streamusp@@Addsey her
benefits of having an increased CO2 concentration in the recycle gas

i nclude an increased concentration of CO2 in the extracted purge stream 146
used f or JK% eRaiBhi, Aid mi dRectlyWBuARAT) AIATIRGHLHSAAK0 IR 2B AUSR O
its increased concentration, the purge stream 146 need not be as |arge
in order may bxirwbstantipd misgaich dtvagrnihe povfer GaKratFd byeharwppander hE2 endithment
handl i ng ext.raction. for COP2 se t{on can be .smalle 3¢l udj I, t

o1 pi g HEMAERo P eompE S Lo MR naRetrafler 1BrafLP il g e
concent r afriveRsn@flc@? 1428) tompRY®r (R showey thardranees REs @ERorepovat.

t echnol ogy, including using | owenergy separation processes, such as
enpl oy? nd0038is energyandedeteprossurszotl \entis linh 56 wouhat ilytdessisiirgeobdryumtregabl e.

Consequent |y, capit.al, expepdityres for captycing can be dramati cal
Foner ed. §opis] TRe Sty Bemothes Rum Bt 5 ac o STt RBS SFURBIM 400 58 | |
now be di@aibsffidn ohshavbhd eiRndRPIsRc ﬁrﬁéte&)mf&@@(st 118 eres adpdres ~¥dcan be
pressures achi eved or experienced in the 10 various conponents of any of

t he embodihaeatesizel acaberat Braywinreyeanothingepareyanedusénormpanenigpfdhnpewer
factors, IN&,AYLLIYenPh0d MBSk HAM M %né‘ﬁl%/thgﬁs %};& %Bgl%' fu;lecni%‘geens anghor
nodel s of expandé¥s, conpressors,-coolers, etc. &eor |ﬁg Y, | W be

appr et atreddiidiatredrh@s pant ivatihtéons diedreofiescid foadd hetheicondusrehay fildd USt Patkhiv e
pur poses only and should not be construed as the ong¥ interpretation
1

t her eof . APpligaticheBticrehey Enission bivlebapiedyer Gengracigh Sypisins ged Methods,”
conpr ess ﬁﬂ% 8«@&%&‘& v 'ch'aP@h&%@ W%E%@éﬁl%ﬁfégr}ﬁl%féraﬁ%ﬁ \%@8&&@ @Bt ﬁ@gﬂébﬁst&ﬁ Qifgs! a

and abou psi a. So cont ein, r, 1s aero Ivative
gas t ur bitheptesahidoklgyre. whi ch can produce and consune pressures of up to
about 750 psia and nore. [0046] The main conpressor 104 can be configured to

recycl e dABYonpReksringegr tellCerh dereted dsanofics s¢hsmatie ppped BsHatiedpiereated
exhau I Ny dd 4 r-€~ NOm | y. 20 r
conbugéigﬁggﬁbz(Lgﬁﬂ%%wgigggﬁﬁéfagn d%%gg p H%Flﬁigggpﬁﬁgfygéjb g m%%ﬁhust
gas as a adtérdmgttoione oh ot sibsdinentsc hrigsteth1XD0 BEIGUS és arbetantisllyofimdliat teent
needed in the combustion chanber 110 can end on  the

d : urity of the
oxi dant U8ed Y8R 180 & dllotetnd; Berectirp e fingh Bbrdiehwcpap crBUreierbheiclagents
dest an OfcorXRAA #AOnucfd N0 10k HURMTDAP YR MRS, AN O YR TeSIRAS B (kO

shown) can b sposed on the out e expander 106. In operatio
t he t her mxpaniel @82 afisyssand 00 svithanddensuctamt ehtressoetifl aindigared tdebewpnisncha he

vol u of exhaust required as diluent needed to.cqol the products of
combuey | dR R e e B A P TPHRSe PXHT B 05 0a) BoTeegunaiie
the amunimpdldiR&itdant BeipRYsddnt-afah§dsdshAidchBsoc &HS Lhigbl< hanBRktidd thto BhUS,
in response to the heat requirenents detected by the thernocouples and the

oxygen | evsireoitd doe prassirbymainisnanaggeppliseimmsr s In tapelicasionserhare metbanc3gast isow

of conpressed, recycl e exhaus as in line 144 and ressed oxi dant i.n
e 104 RRRAR: PR G RO GO ftPoh it SRR PSR e is M e
enbodi nentsdendubih a5iehai piode desmidgebiDNBorddxafilpsd, enS pRRhried htged @hs in
controlling the conposition of an exhaust gas produced by conbusting a fuel

can b&> f dined 60rpan mesteadheuriceiat ijfo g I@dirwaéqowelésmndmmnri:&i@ﬁaﬂ siethane gy e
2012/ 00300 9P T B0 135665 REhruRPLTRHRMRT 8 BuftByine Abalndiey by

ref erencgobgo)t herert®RY (NPIGH BCAGRESY 0 ndthéhsdhBRaiE @ @Rt illditsrive SHIcBrated

system 300 for power generation and CO; recovery using a combined-cycle arrangement,

according to one or more embodiments. The system 300 of FIG. 3 is substantially similar to

30 the systems 100 and 200 of FIGs. 1 and 2, respectively, and therefore will not be discussed in

detail where like elements correspond to like numerals. As depicted, the system 300 can be a

characterized as a hybrid arrangement of the power-producing nitrogen gas expander 152 as

discussed with reference to FIG. 1, and the pressure maintenance downstream compressor

158 as discussed with reference to FIG. 2. In one or more embodiments, the residual stream
11 -



[0047] I n at | east one enbodi ment, a pressure drop of about 12-13 psia can
be experienced across the conbustion chanber 110 during stoichionetric or
subst ant ivabI2912503470i chi oretri ¢ combusti on. Conbusti on ofPcrhis2dameBsen | i ne
112 and the conpressed oxidant in line 114 can generate tenperatures

bet ween about 2000 F and about 3000 F and pressures ranging from 250 psia
to about @Q0cRsb@.spiiS tklessy dRedidbPMRst PeEBHT AE bH8udl NEeeAsSE MRsR fhow
and hi gher specific heat capacity of the CO2-rich exhaust gas derived from
t he conprespsmtdr d82yanident dixchsanst tigaslineeting meccond pottiogrdrthp rasgkigl sirqagt 1dkstocan
be achi eved ,across the 10 ex der :106,.,t her | 1 ow for higher inlet
Cener at AT SO SRR FEnd B RRRNEL IS ot Mg Biohg B Rsotd Telskit™ 1
| ine 122 whirhétfg nidde fRxpantherfirtOsdca&tosX Poliohs RAE HS Wispiddted®ko RS @S paivideent .
In at | east one enbodi ment, the gaseous exhaust in line 122 can have a

pr essut e edeigpined) audior dssieed ameunte Riethat gpidudf strqsen Jas eousithex Haeaton; to
line 122 t 1225 F to about 1275 F before passing through the
HRSG 126 ]f%aglg%epﬁgqﬁgg#'eam inline 130 and a cool ed exhaust gas in line
132. I'n qoe4Qr NBRasHERAcABRNLS as tHtecoh@RbisBd okidbht iAdtheCiAd dn@P#eBuiiiBg the
tenperature of the cool ed exhaust gas in |line 132 thereby generating the
cool ed rewheuse ggasn she dapstiormmiesspnd4 themsevcataeneraien wegpmabiusagaciicemd
about .1Z%gher%%ngq%?raﬁ‘gnsa@fp&@c'ixgtﬂgege SN A e IR HIGRn S 20} lfn'mf%c #&%%e co, -
depending primarily on wet bal }ferrpe atures’during®specltic seasons in
speci t ¢ sepmatioronmdacapting. t hEmBbdibents[ ABERFAL dREddh Ngint @A chy iADESse the
enbodi nents, the boost conpressor 142 can be configured.to elevate the

pr essur e BRCeHEtienef 682 ity crBayhgassnlwarhl € 40C0q cangspiaatians sanarmirag apem
about 17 pgié gogabggpﬁﬁvétz(} 5 a@hic S s&hr@éyk(?ncgﬁtpﬁﬁ%'tﬂe %%Eﬁﬁﬁ)ﬁ%ﬁ&lgér 110 .
eventual I'y recei ves and conpresses a recycled exhaust wth a higher density
and i ncr easédd adassd td gwichdmctiietlgly sabdtomtatig sfodchi@nstibdtyacuntalst yn icginarg

di scharge pressure ile intaining the sane.or _simlar pressure . ratjio. In
order  t o POHRE] fqehemﬂ&?sle&?%a CHBRETESS IS ™ PrURECHBRErd OgiRaL st
gas, (e RneSsHy AeRdELEMnBd FaShdvind hinevd4l o‘iké&hé‘&ﬂ:@ﬁ'ﬁa&fo‘ﬁ%ft MBuPIORI%,
conpressor 142 can then be further cooled in the second cooling unit 136.

| n one orabmatr ¥vebhebbureling’o, simait 4Bednhdrabolti Wyttni t 136 can be confi gured

to reduce the tenperature of the pressurized 30 recycle gas in_line 145 to
about 1090 Yef ofbowsisy mgn@ri?réaetfgﬂ t%rap?rﬁf@r%aﬁd the stighiaasisic cogpustign s mectat

| east ongy Eﬁﬁqfégiéﬁgﬂﬁet éér? erEﬁF%ﬁ{d%ﬂ{Hﬁn% bBfinE RTRLESSRI darlﬁ)%{&d &f the Q?‘;h%tgthgas

inline 14 rge omthe main conpressor 104, and consequent e
t enper at yre voth inbieagdr(@; sinta@wmeivsl frearthd eorapreskied 86 cle, exhatdh gas prlassldde of

around 280 psia. The addition of the hoo conpressor 142 and the

L o108 ok AR cRies i dely Bk combustior AEumr 110 gn ARt The: bodimEnts of the

2012/ 003(&2&?&“&&%@1}%@3’1%881%inat6 excess oxygen from the exhaust gas in line 116 while also
increasing its CO, concentration to about 20wt%. As such, the gaseous exhaust in line 122

can have less than about 3.0wt% oxygen, or less than about 1.0wt% oxygen, or less than

about 0.1wt% oxygen, or even less than about 0.001wt% oxygen.

25 [0043] At least one benefit of having an increased CO, concentration is that the expander
106 can be operated at an even higher expansion ratio for the same inlet and discharge
temperatures, and thereby produce increased power. This is due to the higher heat capacity
of CO; relative to nitrogen found in ambient air. In one or more embodiments, the expansion
ratio of the expander 106 can be increased from about 17.0 to about 20.0 corresponding to

30 about 10wt% and about 20wt% CO, recycle streams, respectively. Embodiments using
enriched air having about 35wt% oxygen can be used in order to achieve the about 20wt% in

the CO, recycle stream.

[0044] Other benefits of having an increased CO; concentration in the recycle gas include

an increased concentration of CO; in the extracted purge stream 146 used for CO, separation.
-12-



I ncrease the CO2 purge pressure in the purge stream 146, which can lead to
| nproved solvent treating performance in the CO2 separator 148 due to the
hi gher CORoOparzGoad79pr essure. [0051] Enbodi nents of the presastoidiosmstosur e
can be further described with the follow ng sinul ated exanple. Al though the
sinmul ated exanple is directed to a specific enbodinent, it 5is not to be

vi ewed aspdchiMct dfNs ttGoadS COITBhEALGNYLS PRI dtfeahe 8L AEed hAORZAsTRIrge in
illustrate the superior performance of using enriched air as the conpressed

oxi dant iatd¢ri fe eitrart thphercgyisade amooats vefs CElnulFar edamplen ghe tegnigarcdt diandlangd
t hen usi ng.enriche i r_havi ng an _oxygen.concentrati.on .of . about 35wt % f or
SO B L et B e SVAEN FRAEE LR iR Rr S ithecds Yot

t he sane @gas i

fol | owi ngibkabbie tpwex] des t Mgeoees indighsé® Sddnténtarionsl bfped,otimrigprove the
estimations., TABLE 1 Triple -Cycle Performance Conpari son Power (MAN Cycle
with A r royfermangetdf Gar renegl Mepngggy, Toelyfing usiigaledetncrynegpaepign PIa®EshAaI n

Conpr essqy, L employing less energy-intensive solvents that would otherwise be untenable.

Consequently, capital expenditures for capturing CO, can be dramatically lowered.

[0045] The specifics of exemplary operation of the system 100 will now be discussed.
As will be appreciated, specific temperatures and pressures achieved or experienced in the
10 various components of any of the embodiments disclosed herein can change depending on,
among other factors, the purity of the oxidant used and/or the specific makes and/or models
of expanders, compressors, coolers, etc. Accordingly, it will be appreciated that the
particular data described herein is for illustrative purposes only and should not be construed
as the only interpretation thereof. In an embodiment, the inlet compressor 118 can provide
15 compressed oxidant in line 114 at pressures ranging between about 280 psia and about 300
psia. Also contemplated herein, however, is acroderivative gas turbine technology, which
can produce and consume pressures of up to about 750 psia and more.
[0046] The main compressor 104 can be configured to recycle and compress recycled
exhaust gas into the compressed recycle exhaust gas in line 144 at a pressure nominally
20 above or at the combustion chamber 110 pressure, and use a portion of that recycled exhaust
gas as a diluent in the combustion chamber 110. Because amounts of diluent needed in the
combustion chamber 110 can depend on the purity of the oxidant used for stoichiometric
combustion or the particular model or design of expander 106, a ring of thermocouples and/or
oxygen sensors (not shown) can be disposed on the outlet of the expander 106. In operation,
25 the thermocouples and sensors can be adapted to regulate and determine the volume of
exhaust gas required as diluent needed to cool the products of combustion to the required
expander inlet temperature, and also regulate the amount of oxidant being injected into the
combustion chamber 110. Thus, in response to the heat requirements detected by the
thermocouples and the oxygen levels detected by the oxygen sensors, the volumetric mass
30 flow of compressed recycle exhaust gas in line 144 and compressed oxidant in line 114 can
be manipulated or fluctuate to match the demand. Illustrative embodiments and more
detailed descriptions of systems and methods for controlling the composition of an exhaust
gas produced by combusting a fuel can be found in the concurrently filed U.S. Patent

Application entitled "Systems and Methods for Controlling Combustion of a Fuel," the
-13-



561 Fan or Boost Conpressor 18 20 Inlet Conpressor 251 176 Tot al
Conpressi on Power 780 757 Net Gas Turbi ne Power 444 616 Steam Tur bi ne Net
Power 280w8R6128antdard Machi nery Net Power 724 931 PCT/US2011/039829

10

15

20

25

30

contents of which are hereby incorporated by reference to the extent not inconsistent with the

present disclosure.

[0047] In at least one embodiment, a pressure drop of about 12-13 psia can be
experienced across the combustion chamber 110 during stoichiometric or substantially
stoichiometric combustion. Combustion of the fuel in line 112 and the compressed oxidant in
line 114 can generate temperatures between about 2000 °F and about 3000 °F and pressures
ranging from 250 psia to about 300 psia. As described above, because of the increased mass
flow and higher specific heat capacity of the CO,-rich exhaust gas derived from the
compressed recycle exhaust gas in line 144, higher pressure ratios can be achieved across the
expander 106, thereby allowing for higher inlet temperatures and increased expander 106
power.

[0048] The gaseous exhaust in line 122 exiting the expander 106 can exhibit pressures at
or near ambient. In at least one embodiment, the gascous exhaust in line 122 can have a
pressure of about 13-17 psia. The temperature of the gaseous exhaust in line 122 can be
about 1225 °F to about 1275 °F before passing through the HRSG 126 to generate steam in
line 130 and a cooled exhaust gas in line 132. In one or more embodiments, the cooling unit
134 can reduce the temperature of the cooled exhaust gas in line 132 thereby generating the
cooled recycle gas stream 140 having a temperature between about 32 °F and about 120 °F.
As can be appreciated, such temperatures can fluctuate depending primarily on wet bulb

temperatures during specific seasons in specific locations around the globe.

[0049] According to one or more embodiments, the boost compressor 142 can be
configured to elevate the pressure of the cooled recycle gas stream 140 to a pressure ranging
from about 17 psia to about 21 psia. As a result, the main compressor 104 eventually
receives and compresses a recycled exhaust with a higher density and increased mass flow,
thereby allowing for a substantially higher discharge pressure while maintaining the same or
similar pressure ratio. In order to further increase the density and mass flow of the recycle
exhaust gas, the pressurized recycle gas in line 145 discharged from the boost compressor
142 can then be further cooled in the second cooling unit 136. In one or more embodiments,
the second cooling unit 136 can be configured to reduce the temperature of the pressurized

recycle gas in line 145 to about 105 °F before being directed to the main compressor 104.

[0050] In at least one embodiment, the temperature of the compressed recycle exhaust
gas in line 144 discharged from the main compressor 104, and consequently the temperature
of the purge stream 146, can be about 800 °F, with a pressure of around 280 psia. The

addition of the boost compressor 142 and the stoichiometric combustion of enriched air can
-14 -



Aux. Losses 16 18 N trogen Expander Power 181 109 Conbi ned Cycle Power 889
1022 Conbined Cycle EIf. (% hv) 55.6 56.4 [0053]As should be apparent from
Tabl e 1, wotrottaesotws i ncl udi ng enriched air as the conpresdasdoiooszsant in
line 114 can result in an increase in expander 106 power, due to an 15

i ncreased expansion pressure ratio and an increased mass flow through the

expander 186ascvVhs €0Y %ﬁrgevﬂ%stﬁretlﬁ ehdTRirBe SRR £56 WhidPdanBYd RXRHEGRAGEIvRnt
slight increase in power demand, partrally arising fromthe renoval of a

portion dfeatingpetorownpoinehe Clhoppartier M§ ductthéhd higherds@ pastishpressetean of f set
by the r 3H§ﬁd atmbogﬁ)ernt szl tlc1)e p eggr\ﬁ rdlscpomtlrgecarll e?urthce? rc‘{‘gscm e(? with the following
simulated example. Although the simulated example is directed to a specific embodiment, it

5 isnot to be viewed as limiting the disclosure in any specific respect.

[0052] To illustrate the superior performance of using enriched air as the compressed
oxidant in line 114, the system 100 was simulated using standard air and then using enriched
air having an oxygen concentration of about 35wt% for the same gas turbine system 102
under the same ambient conditions. The following table provides these testing results and

10  performance estimations.

TABLE 1
Triple -Cycle Performance Comparison
Power (MW) Cycle with Air Eﬁficcll‘::;ig‘ir
Gas Turbine Expander Power 1234 1386
Main Compressor 511 561
Fan or Boost Compressor 18 20
Inlet Compressor 251 176
Total Compression Power 780 757
Net Gas Turbine Power 444 616
Steam Turbine Net Power 280 316
Standard Machinery Net Power 724 931
Aux. Losses 16 18
Nitrogen Expander Power 181 109
Combined Cycle Power 889 1022
Combined Cycle Eff. (%1hv) 55.6 56.4

[0053] As should be apparent from Table 1, embodiments including enriched air as the
compressed oxidant in line 114 can result in an increase in expander 106 power, due to an
15 increased expansion pressure ratio and an increased mass flow through the expander 106.
Moreover, while the main compressor 104 may experience a slight increase in power
demand, partially arising from the removal of a portion of the N, component from the air, the
increase is more than offset by the reduced air compression power in the inlet compressor
118, thereby resulting in an overall decrease in the total compression power required. As can
20 be appreciated, because of the reduced airflow for the same amount of oxygen, the inlet

compressor 118 can exhibit a considerable decrease in required compressor power.
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118, thereby resulting in an overall decrease in the total conpression
power required. As can 20 be appreci ated, because of the reduced airfl ow
for the swoeomosetw of oxygen, the inlet conpressor 118Pcansexhiokisko a

consi derabl e decrease in required conpressor power. - 15 - WD

2012/ 003079PCT/ US2011/ 039829 Inportantly, Table 1 indicates a |arge

I ncrease Thipokth@lys OBl € An iy AbEa RAVPEIn@edsBUR M cEMLMBAIHEE HoRRP Yhtpht WHich
uplift in conbired-cycle efficiency. Lg?54]VM|Ie t he present disclosure may
be susceptilgdteatioyt ¥ 4Ps enlyt Mrﬁhllmfai%-/%@ fHpigney-t ernati ve forms, the

exenpl ary, odi pent s . di scussed above have been own only by 5 way of
exanpl e. [pﬁﬁver%ﬁe DRoRIFEFE glisctpse ﬁlﬁ}ﬂéﬁrﬂg%ﬁ@t@%{o o a0t AT o
i nt ended fi@rdfve bt thd OxdnilRaialbdinatts SRAMNIERbse dhwChbasehoRsr S41 by

| ndeed, the present disclosure’includes all alternatives, nodifications,
and equi wadyeolfi sxafrglld. | Hgwairarhit sheie againédegpideistood bkt sbo gieclosure henetppendied

cl ai ns. 012/.003079PCT/ US2011/.03982 Al VWhat js.clalned.is: 1.
A gas t ur%\i%ﬁﬁug%/esdt Qi RBTHIGH FRE PRGodiments ‘ESC%SGQMEFGP% }‘E{Sﬁ%rth% Bﬁrse%ﬁ%Oﬂog*H’Feed
to recei Vificlafd SIONRERSEVA, MRRAYEdEEn&XMAUS uigdshtd BiIBn@ WIGRIPRE 386 Gpiacyua e
exhaust gas; a second conpressor configured to receive and conpress
enri ched sgppe efdhgapnendedclaimsonpr essed oxi dant ; a conbustion chanber
configured to receive the conpressed recycl e exhaust gas and the conpressed
oxi dant and stoichionmetrically conbust a fuel stream wherein the
conpressed 10 recycl e exhaust gas serves as a diluent to noderate
conbustion tenperatures; and an expander coupled to the first
conpressor and configured to receive a discharge fromthe conbustion
chanber to generate the recycled exhaust gas and at |east partially drive
the first conpressor.
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2. The systemof claim1l, wherein the enriched air has an oxygen
concentration between 15 about 30w % and about 50wt % 3. The system of
claim2, wberem3i’he enriched air is mxed with at nosphecirasaiin/osms2obt ai n

t he oxygen concentration between abogi A3 % and about 50wt % 4. The
systemof claim1l, wherein the enriched air is derived from nmenbrane

separ atWba, is plagsglise sw ng adsor ption, tenperature sw ng adsorption, and
any conbi nation thereof 205.The systemof claim1l1l, wherein the enriched air
is derilved fA@n @rhies sstenscpBRAS®E: an air separation unit. 6. The system

of claimb5, erein the reject streamhas an oxygen concentratign between
about  50vt Y6 hHE ST ESRTEUrcl (o7 TCCHE A0IoTABTEr & IERVAIct, CUMER bR g
recygcl ecoggb@@gg&regg_@egﬁﬁu@téggz concentration of 25 between about | OM % and
about 20wt % 8. The systemof claim1, wherein the fuel streamis sel ected

from the graupccoatsiontpresgorotonfipated & rgadic aet bampresnapthithed, aibud gyeeasrate a
pr opane, syngas, .gi esel, kerosene, aviation fuel, coal derived fuel,
bi o-fueqo?lpéﬁifg‘?fé ¥ hydrocarbon feedstock, and any conbination thereof.

9. The syst em ol clidh Mwnd: WOARSI-FAIRELSL E AeREAS) SILERATLEAKE DS oM he
conpressed 30 recycle ex Aust d%s and tTreated 11 a ¥epara or *to

gener at@ndprésc?® skidaamaaddtdchiestitidally sbimdash § ubslt sfdaingl Witereidnmhel Singressed
nitrogen gas.  10. A nethod of generating power, conprising:

cortfr ed8FWslF axhputtpas eV esan aukiiucyide maqertqegmbustom aysHmiuiey dgdner at e a
conpr essed rec cl e exha sé @ﬁ%;u~WCG%QA2/003 7%? 4%? 011&039%?9

conpr essi ng ErrPEREE QIS K5I st SImRSHoF 824 SPn S THE R eEIEC & it JLun
oxi dantthe combusti®h @h&ib&B igeh&alel thic £RYEIUS bxiGist B8 200 AP [asiSRetiA dartthaliekta
fuel in a conmbustion chanber and in the presence of the conpressed recycle

exhaustcogwssssether eby generating a di scharge stream wherein the conpressed
recycl e, exhayst s acts.as a.dil.uent configured to 5 noderat .he

emper dur o X PRETHPGEHUR ge iFaR e affipned 4 i As0ntieig heieuoharysen
st rigam gpguEInvaXPadsout sovd, | east partially drive the main conpressor and
generate the recycl ed exhaust gas and at |east partially drive the main

conpr eskor. The systein ofTdleinn®t Wwhelemf the leatichellQyir ishrerxed iwvithhemesphiccih et tai abtdias

an ox n concentrati on between 10_about wt % and. about 50wt %
yg[ﬁe oxygen concentrat(l)on between about 3(53‘\)\/‘5(3/})J anc? a out%@wth). °

4. The system of claim 1, wherein the enriched air is derived from membrane separation,
pressure swing adsorption, temperature swing adsorption, and any combination thereof.
20 5. The system of claim 1, wherein the enriched air is derived from a reject stream of an air
separation unit.
6. The system of claim 5, wherein the reject stream has an oxygen concentration between
about 50wt% and about 70wt%.
7. The system of claim 1, wherein the recycle exhaust gas has a CO, concentration of
25  between about 10wt% and about 20wt%.
8. The system of claim 1, wherein the fuel stream is selected from the group consisting of:
natural gas, methane, naphtha, butane, propane, syngas, diesel, kerosene, aviation fuel, coal
derived fuel, bio-fuel, oxygenated hydrocarbon feedstock, and any combination thereof.
9. The system of claim 1, further comprising a purge stream taken from the compressed
30 recycle exhaust gas and treated in a CO, separator to generate a CO, stream and a residual stream
substantially comprising nitrogen gas.
10. A method of generating power, comprising:
compressing a recycled exhaust gas in a main compressor to generate a compressed

recycle exhaust gas;
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12. The method of claim 11, further conprising mxing the enriched air with
at nospheric air to obtain the oxygen concentrati on between about 30w % and
about 50ww@02012®307%he met hod of claim 10, wherein the recyaliseoiaxobmast gas

has a CO2 coRefMdkbicANcRl HehWashlcARMredsMo ocaRd cabIthprd Wl ¥aidd@als. The

met hod of claim 10, wherein the enriched air is derived froma reject
stream of antdchiosepaaky i @mbustiig thdheomprasdd skidaatmahdivd rfgelain axygabustion
concentration b t.vveEn about 5?\/\1‘5‘;@ and about 70wt % 15. An integrated system
conpr i SPAGDC 2k d 107 BITHENES O diff CCBRBIIY FFY SR 0RPARY s¢aSc ST B gBreTate
confi gufiedlafo@ JiRGH! WheARM tOORhSESA régls%}’ecéﬁﬂuﬁ URls S8 dﬂﬂérﬁ_c@)nﬁgﬁgﬂ gssed

recycl e exhaust gas; a second conpressor configured to receive
conpr essodematt thegdmacmaturoofjibndrsah@gastcomprasdsed oxi dant, the enriched air
havi ng an oxygen_concentrati on between about 30wt % and about 50wt fﬁy 25a

conbusti on cHamiIe denflisghies Ssametiepy SxXpHEICE dhpH elsad dParddlfic dEvVethaddiin gas
and the, (&S SR ﬁ?é“théaqgcyﬂeﬁ' %Jzﬁa%ieggﬁé Gak! ¥ ?&gplﬂgﬁaggf 4ele Shd

wherei n the conpressed recycl e "exhaust gas serves as a nt to noderate
conmbustdoorpréssoper at ur es; and an expander coupled to the first
conpressor and configured to receive a discharge 30fromthe conmbustion
chanberllt o geienathed phelairadPe Whgreax hguesricked daframr onysn<gecHyaHen Spiween

drime_ ta%Su{id\xﬁ% é;r}(ar’g%roﬁts%%and an exhaust gas recircul ation system
conprising:” a heat recovery steam generator comruni cably coupled to a steam

gas turii ne, THhBAERbF Elﬁﬁ@‘l?!ﬂmﬁé@@iﬂc}ﬁ% Ah@he BRicAE KAt Gith @EnbPhELE girve
the recycl ed exhaust gas - 18 - WD 2012/ 003079PCT/ US2011/ 039829 fromthe

expanddp ob@ircihe axpgast eanentiation femeratkant 0etbrand aboyydlet’i n t he st eam

gener atl%r. ! The method of claim 10, wherein the recycle exhaust gas has a CO, concentration of
between about 10wt% and about 20wt%.

15 14.  The method of claim 10, wherein the enriched air is derived from a reject stream of an air
separation unit, the reject stream having an oxygen concentration between about 50wt% and

about 70wt%.
15.  An integrated system, comprising:
a gas turbine system, comprising:

20 a first compressor configured to receive and compress a recycled exhaust gas into
a compressed recycle exhaust gas;

a second compressor configured to receive and compress enriched air to generate
a compressed oxidant, the enriched air having an oxygen concentration between about
30wt% and about 50wt%;

25 a combustion chamber configured to receive the compressed recycle exhaust gas
and the compressed oxidant and stoichiometrically combust a fuel stream, wherein the
compressed recycle exhaust gas serves as a diluent to moderate combustion
temperatures; and

an expander coupled to the first compressor and configured to receive a discharge

30 from the combustion chamber to generate the recycled exhaust stream and at least

partially drive the first compressor; and
an exhaust gas recirculation system, comprising;:

a heat recovery steam generator communicably coupled to a steam gas turbine, the

heat recovery steam generator being configured to receive the recycled exhaust gas
- 18 -



one or nore cooling units configured to cool the recycl ed exhaust gas
received fromthe heat recovery steam generator and renove condensed water
from t he ¥oeoloaetoexhaust gas; and a boost conpressecTasadilgsesed to

increase the pHBESHE cQfantibietd RF%Ed 8a@X R Pendaks ReE@h&l | JHvRE inOfhel ﬂéeﬁnt he
first conpressor to provide the conpressed recycl e exhaust gas.

The system of eg¢m@irgwri5, wherein the boost conpressor i ncreases the pressure

of the 10 recycl ed exhaust %gs streamég res e bet en about 17 §§|a
and about 21 psi @N¢ f7NOFPHPOLHE PEHY SPNIEgus? 01800 %F?éﬁyﬁ (FEhaust s EeceRRdust

gas has a C2 ggRCent hali RRoRfy Ll WEeRNERRN  anliSVIGRNELRIRRH A %om 1fe

The system of claim 15, wherein the enriched air is mxed with atnospheric
airSto obtain ﬁhedodygﬁmmaaﬂﬁeﬁtratlon bet ween about 30wt % and about 50wt %

1519. The system of claim 15, wherein the enriched air is derived from
menbrane separ at i{iROShYERAESEr %%ﬁrggreédg oRGease e Rrewperoftthy Ecxdrs @xhaust gas

adsorption, any fe HERALALABN é‘ﬁ!rét 'CO gges%}ytogﬁmli@ﬁ{e' %ﬁr@&%&?&tycl%oexﬂ%t

system of C| alm erern t e alr par at | unit has a reject stream
havi ng an gmxygen concentration between about 50wt % and about 70wt %
t he reject stream substantially 20providing the enriched air.

16.  The system of claim 15, wherein the boost compressor increases the pressure of the

10 recycled exhaust gas stream to a pressure between about 17 psia and about 21 psia.

17.  The system of claim 15, wherein the recycle exhaust gas has a CO, concentration of
between about 15wt% and about 20wt%.

18.  The system of claim 15, wherein the enriched air is mixed with atmospheric air to obtain
the oxygen concentration between about 30wt% and about 50wt%.

15 19.  The system of claim 15, wherein the enriched air is derived from membrane separation,
pressure swing adsorption, temperature swing adsorption, an air separation unit, and any
combination thereof.

20.  The system of claim 19, wherein the air separation unit has a reject stream having an

oxygen concentration between about 50wt% and about 70wt%, the reject stream substantially

20  providing the enriched air.
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