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growth in power demand and have an interest in enhanced oi | recovery (EOR)
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FIELD OF THE DISCLOSURE

[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 apparatuses for combusting a fuel for enhanced CO, manufacture and capture.
BACKGROUND OF THE DISCLOSURE

[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
believed to assist in providing a framework to facilitate a better understanding of particular
25 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] 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
their reservoirs. Two common EOR techniques include nitrogen (N3) injection for reservoir
30 pressure maintenance and carbon dioxide (CO;) injection for miscible flooding for EOR.
There is also a global concern regarding green house gas (GHG) emissions. This concern

combined with the implementation of cap-and-trade policies in many countries make
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conbined with the inplementation of cap-and-trade policies in many
countries make WD 2012/ 003076PCT/ US2011/ 039824 reduci ng CO2 em ssions a
priority wonottmwseeand ot her countries as well as the cecpars@l/osisat

oper at e hydrocarbon production systens therein. [0006] Sone approaches to

|l ower CO2 emissions include fuel de-carbonization or post- conbustion
capture ysiitgnsoDY eRisions iRty RMRES andOWRY BSuntPQLR vl M8 BomParitd RS
are 5 expensive and reduce power generation efficiency, resulting in | ower
power pr cwguttd bydro¢ankaneprodurtionelsteraprthsttimnd i ncreased cost of electricity
to meet donestic power demand. In particular, the presence of oxygen, SOx,
and NO cdff¥Ment SomagRropplics f8 dower Gl SEISSEING dpgludBist geicarboyigptjon or post-
probl emat | : i g i i j ] cle
(e 9. “wher e B ARSI col, S e Nl 18 (o (R E SBRABEE o T
10 mak®e stxpamiandnd rabice epomctdideneantdn poiteencyn rasuRangkinnloswee | f@wer Hoogwosion,
there are no c rcially avail able ga urbines that can operate in, such a
cycl e andnerﬁ@eﬁﬁ%rdcep@a_ P s Gt kR rioy Seyeuh POPghAFMEtht Iny
reduces thgi Q! ald pREHcE! ANEK oeh, §08, REPIRSS comBY¥RIA nk&dhRS utaYL amine
conpar ed these processes and show sone of the advantages of each approach.
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i ntroduction intg the succeeding expander, but al so di sadvant ageously
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are requilP@lt o Othes appeoaghdsi tnfovpreSOuramigraenst mctude ghoieiometriar exhsustedas or

EOR or sequestration, Such lLimtations. are typi | f post-conbust,i
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met hane and heavi er hydrocarbons. ' '
typical of post-combustion carbon capture from low pressure exhaust gas associated with the

combustion of other fossil fuels, such as coal.

30 [0008] The foregoing discussion of need in the art is intended to be representative rather
than exhaustive. A technology addressing one or more such needs, or some other related

shortcoming in the field, would benefit power generation in combined-cycle power systems.



10 [0010] One exenplary systemw thin the scope of the present disclosure

i ncl udes both a gas turbine system and an exhaust gas recircul ati on system
The gas twobkore#osyrst em nmay i ncl ude a first conpressor cenftiuseoia®d3dses recei ve
and conpress a cooled recycle gas streaminto a conpressed recycle stream
The gas turbine systemmay further include a second conpressor configured
to receive and conpress a faeMVMXRY20OF THEDBAWHURESed oxidant. 15 Still
further, the gas turbine systemnmay include a conbustion chamber confi gured
to recei o00die conprgssad digtosate psdvidansgtind had coopoes Sed coxibdeirtg dind, t o
conbust a fuel stream wherein the conpressed recycl e stream serves as a

di | uent tREOFHSHY BPWCTe HPRFETND RTQBIGPE NYHTQEFRONSTHAAPA LPEFRBNS 1T &8P LB her
i ncl udes JaofxR 8 Uhlofida iR ot Vfichy oFLi SRRSO ALY ARDGAN GEIRAykRm
recei ve a“disch e conbustion ¢ er to generate a 20 gaseous
exhausi srnat}eﬁrrd%dataetty | Fasses. pdtdri alahnpladrthy eystéres fand shetbodgpmeg ser adaphel gas

turbi ne may, be furthe ted to roduce auxi | i r for use in o
Systens. PG oRgE e B4 RarERE GE i BXRBBrgaan ey BB | on
system C%ilb@u@gs R H}%?dcaﬂ?oﬁ%‘f&[&n@ﬁ %ﬁ&‘aﬂ@rﬁe rs%ﬁﬁlﬁrlﬁrtﬁe %hl&%@ltm&ﬁ)éﬁ}ﬁ@%ﬁf

The heat recoverﬁl st éam generator may be configured to receive the gaseous
exhaust styasgty 6 cteheFev(@aindnéfr thatiet mag@nenmcen@meamalm streaoor ewyds a

haust st The d exhayst st b
exnaust ST LIGERE SR T PR Pl G E. g
t ur bi
compr S s ot T et | D S T D PR B o
recycl e gas tebireaspsteef an® an rejxkatst gas rairoulatien Systath. chinpgasiadiine BBIteEf may

DESCRI PTI g THE DRAW NGS 30. [0011] The for gor ng and ot her advant ages of
the presdRflUe &dIdsHmrw)” BULENEChIgpERFEHE aﬁ% ? VPR IR D RE eﬁal

detai | ed ;f@sSerbp re%&daf%@yéié amaas ple anfu'rﬂnﬁb ts%ﬁ&n%@y”@ur%%r%clﬁ&@%%@&ﬂit S

in which: [0012] 1 depicts an iInt grate stem for | ow em ssion power
generati mnmsoﬂm@@mﬁldaoaed’cﬁmmﬁ@mpf@s@a%@ﬂomdhnarmt{da @mlpreemdengia}nt

accordin one nor e, enbodi nents. of the present .di [0013] FI G
2 dept bt SUPRRE: Mo AR aRETEaT SR ok B S e o Tb For P TEiH g

enhanced tﬁp%o gf‘e@é’e‘érﬁéc yAE GRES REd ttRe 0HRpREsJINS:EdahadioRBbusfa Flte spegaent
di scl osure. [0014] FIG"~ 3 depicts anot her i ntegrated system for | ow eni ssion

power genfeheai@moﬂlean@rnﬁrmﬁamwecmeanewvves yas acddvait nig myderaéc eompusteon
grg&(flcgﬁgé%{a%%&%%[en gz‘g%frs]t %Ini:c'so elélé Surtirer dm&i‘ IC:iD %)II%S&RanPd-IeIr Osluq:d t{) E’[he first

tal escriptron sec

specific @ﬁ@@@b@ﬂm&oﬁﬁgﬁﬂee tcpfeesleata dikicB&re $lehetha cemBeg v dheﬁlmecgeﬂmeta on
wth referred enbodi nents. However, to the extent that the follow ng
descr#t ig9requs expraist stream andzat henst pastislhy didyrbaif lﬁﬁﬁpm@reswrpél}her 88 MEPINGRAY10

of the prgsSgfed lac?ngt&P'tH ‘Brodg\@é %uhﬁafy“%&g%e@ﬁtlge he oft s?éé% afie Ek‘&ﬁ&ﬁ&s

only and sinply provides a descriptro e exenp di ment s.
Accor di nglyytemt flnetheli iaclhidssumesxhsust ghs ﬂecmulaﬁbnt ystehecommesifyg cherbmdiergstecam
descri bed bel ow, but rather, it i 1Llrdes all alternatives,
generator and a boost compressor. at recovery steam generator may be configured to
receive the gascous exhaust stream from the expander and to generate steam and a cooled
25 exhaust stream. The cooled exhaust stream may be recycled to the gas turbine system
becoming a cooled recycle gas stream. In route to the gas turbine system, the cooled recycle
gas stream may pass through a boost compressor configured to receive and increase the

pressure of the cooled recycle gas stream before injection into the first compressor.
BRIEF DESCRIPTION OF THE DRAWINGS

30 [0011] The foregoing and other advantages of the present disclosure may become
apparent upon reviewing the following detailed description and drawings of non-limiting

examples of embodiments in which:

[0012] FIG. 1 depicts an integrated system for low emission power generation and
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nodi fications, and equivalents falling within the true spirit and scope of
t he appended cl ains. [0016] Various terns as used herein are defined bel ow
To the exwenn122008&@sm used in a 15 claimis not defined perasotiio3shoul d be
gi ven the broadest definition persons in the pertinent art have given that
termas reflected in at | east one printed publication or issued patent.

[0017] As daigttcBe®iBeoveRE at @i dihg RASM GH mERmboBIn&ISs $fAh@priddidtidiseRIM@nent
gas obtained froma crude oil well (associated gas) or froma subterranean

gas- bear i[pg13]or mRIG oD dépion -anathsoitd@ir&idd gasgm fdhRwe emi3sidh tpodrRr @otkrpi@ssid e
of natural gas can vary significantly. A 20 typical natural Wgas stream

cont ai ns SHBEHEAEL Q:EEPOVERE ECORYNS fO %Wdﬂ@fﬁteﬁlhog@}enéﬁ' dbe Presei d15swis| o of

t he nat ur as e i.s_met hane. The nat ur as stream can al sg.contain
ethane ( AN Flshes Trifis COPREF fissedfled b s B8 ePpo] Posias s tich e’
hydr ocar h@Rgdoed €T 1960 VERY, 8c@rdiflg 428RSor(iRord-c DAY FH QUESY thé bics&lR diseRsRRN
di oxi de), or any conbination thereof The natural gas can al so contain m nor

amount s of cont anm narMETAICEDEDESERIPTION OPJEME DISOLGSUREde, wax, 25
crude oil, or any conbination thereof. [0018] As used herein, the term
"st oi chi d8ts]i c tomhizudtliosntig defaded descriptionroctsdn, ahe spafic embodvmengg af viad une

of reactants conprisin fuel, .and an .oxi djzer.and a,valu roduct.s
Pormed- bPeenbdRmpEe R R R e R uOE MG RERS s e iR, PR P a8 ieant s
is used tQdn@tR tHaGoRERRY LeSeription 48 §R IR t6 laartidbgar LBILBUINSHP 8F aBhitRLIaY use
stoichionetric conbustion" 30 refers to a conbustion reaction having a

mol ar 1@ atdfahefpresentdiseloses thed ist mtandpdido beafogicgmplranympatrosts ilysindrsimphyus

10% of the oxygen require or _a stoichjometric rati r re. preferably
from abodToRives gridEitiinh b Fnihe, SHRRIRLAT Afordplhy IR FaPafrSiotr! .
rati o. Fafmigxaspthe spédiec sinBbdificaiveddstibddaiel@w, afut frat@br, i0inogeall hiRgramidane
is 1:2 WD 2012/ 003076PCT/ US2011/ 039824 (CH4 + 202 > CO2 + 2H20). Propane

wi | | havenedi§edioahi aawepivaleptatfaling withifethe tryie sRijigand $gopg obthe anperided clagys. of
measurin stapti.ally stoichiometric coobustion i s a ratio of oxygen
suppl | edglf’@f'@xyggfﬁﬂp%ﬁ%mas i Rt et rtad b QnasER SRICNE B SRS B
about 19. Ykt Q nBP@UIned blioky, iCholRIE AVE Bt ARdMc{r RENARAYerdndr the hartARAUL
1.05:1. 5 [0019]As used herein, the term"stream' refers to a vol une of
fluids, alrthwoogivenskatodrnt dvarcfleated mtat st anggirmédd pubhreatios car issoed pagentol unme  of

fluids (e. 8 ., having a velocity or mass flow rate). The term"stream"”
however, [ABEH notsrusediheising thelcoa mpturahezss” fafew te atmaultiggompopgntt gag fbsinedy pe

of CondUiﬁ*OIL A el loﬁsvlfag (a{[sls"c?clﬁ&{ gé‘sﬁ‘or from a subterrancan gas-bearing formation (non-
associated gas). The composition and pressure of natural gas can vary significantly. A

20 typical natural gas stream contains methane (CHy4) as a major component, i.e. greater than 50

mol% of the natural gas stream is methane. The natural gas stream can also contain ethane

(C,Hgs), higher molecular weight hydrocarbons (e.g., C3-Cyo hydrocarbons), one or more acid

gases (e.g., hydrogen sulfide, carbon dioxide), or any combination thereof. The natural gas

can also contain minor amounts of contaminants such as water, nitrogen, iron sulfide, wax,

25 crude oil, or any combination thereof.

[0018] As used herein, the term "stoichiometric combustion” refers to a combustion
reaction having a volume of reactants comprising a fuel and an oxidizer and a volume of
products formed by combusting the reactants where the entire volume of the reactants is used
to form the products. As used herein, the term "substantially stoichiometric combustion”
30 refers to a combustion reaction having a molar ratio of combustion fuel to oxygen ranging
from about plus or minus 10% of the oxygen required for a stoichiometric ratio or more
preferably from about plus or minus 5% of the oxygen required for the stoichiometric ratio.
For example, the stoichiometric ratio of fuel to oxygen for methane is 1:2
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[ 0020] Enbodi nents of the presently disclosed systens and processes may be
used to 10 produce ultra | ow em ssion electric power and CO2 for enhanced
oi | recowsOpo(2BOR)760r sequestration applications. Accor@Cmgst@imsdsodi nent s
di scl osed herein, a mxture of air and fuel can be stoichionetrically or
substantially stoichionmetrically conbusted and m xed with a stream of
recycl ed @thausd, 98, +hp, 5 MeprbpRlceNBNhAlel £BGichidHectfO FHLS bPFudMRY oR$gen of
operated in an effort to obtain stoichiometric conbustion, wth some

devi ati onl:5.0 Andthar way ¢ ragashibng tsobstdntiatiptstéichiomotricstonbbustidads tak anadtioyofor

alternatively, th onbust or and  the gas. turbine system may he adapt W th
a prefer é}wgé’t BRElIBL IOV RCB AR TeoHBREPMSHIY PRNBUeR. sHely fBmgephEOd de
of depri th'agoﬁthiel:§Xo%%%¥b9¥ef&’é¥@%rﬁ%&ﬁro.§5bﬁ{b AH4pPl y5ng excess oxygen. The
stream of recycl ed exhaust gas, generally including products of conbustion

such as GgB19]Ccan AR@sétbRciasthd téhinl UeRhmt ScfeRAb hobldhic & MEdasBowdhdRE F ¢hd he
tenperature of the conbustion 20 chanber and/or the tenperature of the
exhaust desn sieaat hivicatlhenegpe e eeayingvewms od dluids[(eg2 Trosgtsuslocdiyy ogmase dlow
stoi chio i & condistionse{or "slj ri.ch" : i C ove..
advant agggttﬁ J ?Irl\e %r e%trefacrl}?’eﬁ‘ls)vr%%eg’tde&%] hétyrg glélf %Y&gxl ézéasg%‘évg%t%r g%%@ulgy
cool i ng tthee exdvadsit f@gasclondg clawdensi ng the water out of the stream a
relatively high content CO2 stream can be produced. Wiile a portion of the
recycl ed [882Hust Egdsdmamthef thei preseady fdscldsedrpgstamsiaad oarsate madyi be used tohe

cl osed. Brayt on cle, a renminin urge str can, be ysed for E

oo I CIBNARE ) i, ST N ROR % G SR e AP b el e eBTerRg R, oo
or CO2 beipekseftidd 8Hlitaidnke AR @nbdddidl RREBEId MOV Qutd T it &4 es,
FIG 1 depicts a schematic of an illustrative |ntg]?rated system 100 for

power gerfeelaenda stnchiaoptricdoveupstastiatly stoictoamimisally ganbussul andrraingd misthta,
accordi ng,to _one_ or re epbodi-nents.. | at . lL.east, one .enbodi nt. the, power
Comorat 1 il SO TR IR T8 b iR B0 S0 O IBS Ve anchFe 5o
a power - g effuti 19 obRimsedcHs@yiioNcEblstion, T REthg8Smée Uddidt®n S is te@herl Gide Cah
have a first or main conpressaor. 104 coupled to an expander 106 via a _shaft

108. The sitighiomeis q@apUBEom nddgitond egd pordirely; tsxpmbugtooand theegasfuibing |

electric stefﬁrmg%/ *B@radgﬂwwﬁ%ﬂﬂe' é?&lcettl?%gﬁmi @éﬁ%ﬂ&&n%ﬁﬁgﬁ k@B Y delfite
mechani cal ener genera &d by the expander i to drive the main
conpr essam thekidd of d¢priveas theosysteabd dkygentrathich ehapasipplyiny eecesy sxy@rnl0Phecan

be a standard gas turbipe, where t i n. conpressor 104 and expander 106
form the SHS%P%&‘@F%Q%R@%&%é?neéﬂg’slg‘g]ﬂ‘g%é’é? Uty .COF&’HS“%I EH’é?F as %%2’ can
enbodi Wrﬁesusegoééeé’ Qfluerdt N6 dBRIrD 60 BRSSO Mokt ]Fa;rﬁ)gfh‘#l% JfOfic CBMbASion

i ndi vi dual i zed conmponents in the system 102. [0023 gas turbine system

102 cZh ahswbemaildidehatcoprbtist bbthechbasegasicblerogrihé specedingexpondust a f uel
inline 112 m xed with a conpressed oxidant in line 114. |In one or nore
enbodi med0821]t he Croubpstion atingar stemhioaietiicepnddfeons{gr svightprish'h gernbestiepberngas
or liqui quoé‘eoacﬁ}dﬁtg &us11b e?lto gl?tﬁina{gethg%gs% 'of ?%Q%QSX %ﬁq Q@al cao%ﬁng the
pr opane, ‘syngas, Fesel” °ker osene, “aviatton tuer. “coal derived-fuel,

bi o- f uel ,exbxiwy gavdrriccdny elisipathb avatdreme st e kirean, CaidiiveBthighnsoritber@of stibam
conpressed oxidant in_line 114 can be derived froma second or inlet

conpr essdin begreduiedil Whilsupastion of pecqysies ssbaushetsranberutiiized fosderaRpapted t o
Conpress o e?%ﬁ)nofﬁ' ﬁllgnélos%goBraygyno 10" Ma?niﬁ%tﬁ%%enﬁfgaﬁl cdif'Be fu%@éfi X EeRnt
120 can i nclude any suita | e gas contal ni ng oxygen, such as air,
oxygen- r iaphliedtions eny gkentrotepivetredn dicrproguece voxy hgthe, oraro 80rbNOat bo A, tHeargeof
emitted to the atmosphere.
[0022] Referring now to the figures, FIG. 1 depicts a schematic of an illustrative
integrated system 100 for power generation and CO, recovery using a combined-cycle
30 arrangement, according to one or more embodiments. In at least one embodiment, the power
generation system 100 can include a gas turbine system 102 characterized as a power-

producing, closed Brayton cycle. The gas turbine system 102 can have a first or main

compressor 104 coupled to an expander 106 via a shaft 108. The shaft 108 can be any
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[0024] As will be described in nore detail below, the conbustion chanber 110
can al so receive a conpressed recycle stream 144, including an exhaust gas
primaril ywbaoizmg3@e2 and nitrogen conponents. The conpr @c3as201e09ske stream
144 can be derived fromthe main 20 conpressor 104 and adapted to help
facilitate the stoichionmetric or substantially stoichionetric conbustion of

the conprgshesicoxtidadicall Br dthBepoid il Herdby dlloRengld BortidR@f #McSMedHARICERS €
the CO2 concentration in the exhaust gas. A discharge stream 116 directed
to the i rinetgyogeneraécdelyp divderpands Wintobdripethermaiaccoamresspr ddictin of least one

combust i on .of,.-th uel _in..in 12 d the conpr e xpdant .in Line 114,
e DAl e bes Ardih0 Syl AR 1Be GOTRAESR B LR Pl M hafhe

enbodi merdompréigort LI aridrexiphiider 108 femn tHeecopipré®Ror dnd dphbderlendq Sespbbtere@hyin
a discharge 116 includi ng volunetric {)ort i ons of vapori zed

ti
\gmgtn 3 ?5 Ic?ﬁl_}erniembe@@wmsm hovryen i dean (semressahal Slandr cxpandess 1080%9n hen
sone enbqﬂ&g&&hﬁmmqmﬁggh%ggﬁﬂhéQQT%%lg@burned fuel or other conpounds may

al so be present int ar ge ue to conbustion equilibrium

limtatiqpesAs the %Jssﬁfﬂﬁihgesy%khﬁai@zl&ﬁl X2 MEFude 2 OBGHIL B N SOhBURANERY
106 it generates mechanical power to drive the main conpressor 104, an
el ect ri calonfjgured & cymbust a dudher limeath? mixed syithanebraprsssed padantandingddéolisone

exhaust stream 122 havin ei ght d CO2 cont ent. ulting fromthe.
Th o oforoRae cBihpr BEbl heduloh 206 TR St e MR Mk btk g
pover |@enatiatagthalitall B8, exPiaMdeethiRE MphthadBithh®NabpancOkyrlat ediogdl N&bynbe
used for other purposes, such as to provide electricity to a local grid or

to WO 20wHtioododerel dasxdiusloBigsial, aryseaaigt hadrosyrbee feedptacly of gembinefiorsy
operatio 2 h g tio em 1 n_al [ .
exhaust gaPhci ThorufPaRed 2R A Inf Y5l B R ity A8 B e
EGR syst anip2esseant 8§ figidideoupldie@dtthe combustion chamber 110 and adapted to compress a
feed oxidant 120. In one or more embodiments, the feed oxidant 120 can include any suitable
15 gas containing oxygen, such as air, oxygen-rich air, oxygen-depleted air, pure oxygen, or

combinations thereof.

[0024] As will be described in more detail below, the combustion chamber 110 can also
receive a compressed recycle stream 144, including an exhaust gas primarily having CO; and
nitrogen components. The compressed recycle stream 144 can be derived from the main
20 compressor 104 and adapted to help facilitate the stoichiometric or substantially
stoichiometric combustion of the compressed oxidant in line 114 and fuel in line 112, and
also increase the CO; concentration in the exhaust gas. A discharge stream 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 stream
25 144. In at least one embodiment, the fuel in line 112 can be primarily natural gas, thereby
generating a discharge 116 including volumetric portions of vaporized water, CO,, nitrogen,
nitrogen oxides (NOx), and sulfur oxides (SOx). In some embodiments, a small portion of
unburned fuel or other compounds may also be present in the discharge 116 due to
combustion equilibrium limitations. As the discharge stream 116 expands through the
30 expander 106 it generates mechanical power to drive the main compressor 104, an electrical
generator, or other facilities, and also produce a gaseous exhaust stream 122 having a
heightened CO, content resulting from the influx of the compressed recycle exhaust gas in
line 144. The mechanical power generated by the expander 106 may additionally or

alternatively be used for other purposes, such as to provide electricity to a local grid or to
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recovery steam generator (HRSG 126, or simlar device, fluidly coupled to
a steamgas 5 turbine 128. In at |east one enbodi nent, the conbination of

t he HRSGwO@omm@3d7he st eam gas turbine 128 can be char aeCeniszed/oags2a cl osed
Ranki ne cycle. In conbination with the gas turbine system 102, the HRSG 126
and the steamgas turbine 128 can formpart of a conbi ned-cycl e power

gener at i nivRloRiH: systetadinastadilifpbtéRlat@ds conbi ned-cycle (NGCC) plant. The
gaseous exhaust stream 122 can be sent to the HRSG 126 in order to generate
a stream[0025]0 sThampoiver bemeeatiodlsydrech 20€ ool aldo dudiads in gRausgdd Reirdwdation n
one enbodinent, the steamin line 130 can be sent to the stean1qas t ur bi ne

128 to gdR&Farwstapdl 34 oapncepieers eabodimgals, the ddal sysiemcldd @a 18dlHdeigtheglas
inline S one.; i fts f i gur, t
Feduce t R SR REm SRRl QIRAGPTH ANERRE WBAUMI RN O E B« &
cool ed r guspideel 2fasInsitrleamnotd @mbbdineme tbe combmatorb ofliheeARSG 126earclotbb istegmuni t

134 can be a 15 di.rect coptact .cool er, tr,i ool er, nmechanij.cal .
Fef ri ger 465 GO 128 b bE SRRHEr s & Aol R R R e Elolth FERRRCR 3 bR s 5o
be confi gyreet LRidR M2 e PARIG QQ60£ndC%dﬁQ§rﬁdga‘§%%iné/ 1128 &canefoBh ﬁia[rPB@Lht

stream 138 which can, in at |east one enbodi nent, be routed to the HRSG 126
via | i ne coabined-qychviater genvanting oty swhfas nahealgran epmbingd-cyéle ANGICGG) ariat.

steamin Jjine 130. In e or re.enbqdi t.he .coo] ed recycl e gas

tr oam 140 o e AR 8 ST TR Rs L8 % 96F R EFGHE Sofier <o
the copl isigniini lincli3.an€adobid dxhgust 88 iadineXBaUsh o8@SmbaditeRE thedhedniirt e
cooling unit 134 can reduce the power required to conpress the cool ed
recycl e 39 cgnpesgnt 1%@1€isﬁﬁaﬂh@5t§‘éf§§te 128119 gercsge additiong] glyprjcrheovwdost
conpressor 142 c be confjgured to.increase the pressure of the cool ed
recycl e dag%@t r oahe £aplep Erbtat gt nlinent 5 Bl bR SrHcte o SheRheRAbE s

104. As %Hﬁgﬁgd 48 r&ike tﬁ@fb‘ﬁ?ﬂ%ﬂt&r@ft}f t%@@o&lred télxlﬁéﬁt%{;] §§§’ i £ lﬁf]%n@%@ﬁérate a

conpressor 142 i1 ncreases the overa ensity o cool ed recycle gas
st r eam 140plethreryely gadi streami k). dn dnrer eawe dmbadsndntnwhea aioding omitt13d earbe a

vol u rigc flowto the nain c ressqr 104. .Because t.he mai n.conpressor. 104
o tyE o SREASOP e 0 2 R PRRER 5 o & Wbt 1 GO BHGh (LR fnal n
conpr ess Ol'hel&)%liﬁ? RinfteISY! dani alsodb b SR ur &l DCRAOYE aforsSHbLcdideMcinPatBRyia a
conpressor 104, thereby translating 1nto a 30 higher pressure rati o across

t he exparigder dropoutAtrpdrg 38 whidhsenr @ at deasoongemelagiaentabs waécdtthdhelBakdbI6 106
can al | ow.for. i pher el L erparat B ¥l a0, LNl B B NG RS Ead. tln
expander 1% power B%d ef?|0|ency. i's” ean prove ‘a van%ageous sihce the
CO2-ri ch dhiessthabgecrhB&digens) tel gooldl fcatloag shtghearosachd dizedhiehto aajpasi ty.
WO 2012/ 003076PCT/ US2011/ 039824 [ 0028] The mai n conpressor 104 can be

conf i Hhr egmrsesedintteluidbneoupdss) tadhe seglingeuya 34t Fealinzithg coaledisxBanst gaint he
boost co . : ! t er
170" pr osanra L, itk oolifl f P EF Sl SalThE b BRRKE bR gy SO

| east onezaentoexchh ddhin, tha bpest gemptes@amd246 can be tapped from the conpressed
recycle 5 stream 144 and subsequently treated in a CO2 separator 148 to
capture (G002Ht amhebeeshrenipisswsdd? eanvbacdnfigarcti3o incTérse dwraesrsdidopedoted i ne
150 can be used for sgl used in another process requiring carbon

i oxi de, SAdorscBruP dAlByron iy infadvied g EcoriEe pp] 0% LIRSS ey
enhanged @hlecrit®aoVh ¥r bR} sy3aaUas bbast icompra@soradQtifetaseithrQseralll 208 4f
resi dual stream 151, essentialug depl eted of CO2 and consisting primarily
of 10 ni tthegealed warclp @ayigraapettt thersbyrdireciape eparasest massdlow i fghe same

i mpl ement a4 ' - I j d 15 / or
used di r Sop§eie BTt ARERaLE R 10 1Rka SLARAM A I0 4 AR
resi dual wiureafiodSimitvd)ididectirymbe: absspil@s shroegh tambe cexpanssadl (4can rgast

expander 152, such. as a power-produci ng nitrogen expander, fluidly coupled
to the cdp asé@?rafi@fsham% Preagurg dipme tthey Main epggpresyers104, ngra R Al e 5o
can bey 15.; i > j t AC t n
R e e S A e i R R L
al | owi ng eappulet 106 caf alidve fpdvighergelretcatpethtioys aik tigasfoex panueeast 512 exmndern ve

the inlet, conpressqr 118. After expansion in the gas ex der 152, an
xhaust  oHB TRV A CTBACiSyor LS chhg B HRFRRGEH SHILE By Tk B UEnt ¥ t o
t he at m)%ehglrag HaikthiRs 8 MBIMCLGhekMche@t phcifPP! | cations known in the art. For
exanpl e, the 2% expanded nitrogen stream can be used in an evaporative
cooling process configured to further reduce the tenperature of the exhaust
gas as generally described in the concurkently filed U S. Patent
Application entitled "Stoichionetric Conbustion with Exhaust Gas

Recircul ation and Direct Contact Cooler,"” the contents of which are hereby
i ncorporated by reference to the extent not inconsistent with the present

o, o ~ - I Y L o R - Y a1



[ 0030] I n other enbodi nents, however, the gas expander 152 can be used to
provi de power to other applications, and not directly coupled to the

st oi chi orwOro2/aempr essor 118. 30 For exanpl e, there nmapCharsaizmbstant i a
m smat ch between the power generated by the expander 152 and the

requi renents of the conpressor 118. In such cases, the expander 152 could
be adapt qgoi8) dr THE ni® B&MpREs0E AR cBS BRIcohIRired MO WhpicbathcARBRRAAS cy &S Bas
power. |In yet other enbodinments, the gas expander 152 can be replaced wth
a downst rséaamcbifpressted frorotthe Homst) carapiessgurldd tooa quessviessominelly abpvudic
stream 154, ANt denaraLe: fo SAIRELIR56, YRARIZHROIATORCIY USPLLL 030324 1n
exhaust gas sui abl’€ tor j’éctron THtio & reservorr 1oy pr%ssure

mai Nt enangdefdt oEORMdPPINcRatd piige HERAA114bheanEbRpysd eronl 2k asnglesed irbgdle
herein, especially with the addition of the boost conpressor 142, can be

i mpl enentsEgamol 4ciidevbsegupntghBrated it 8t Oatapsrtast 1480 Ganturné& Qi dtisticsityfas
of the Pg%@%sm%ex% 2t 180, %%tsglg})r&t%’cdﬁﬁﬁﬁﬁ%sﬂ'Jaﬁ"Mer{%e& ®r ﬁ%@?us%ﬁfir‘?%g}{& o2
separati on for subsequent sequestrati‘on, pressure nalntenance, or

appl i cat ipposess Fauiringstaaburediorntbpgahidiendosnpatessed asd thjdreedeinto e acrrastriabctdeneliry
increasei;he concen rationﬂﬁé CX2 in the exhaust gas streamto about 10vol %
or hi gherfor sthag CFRYFTY HFQR): SHpIcEEHions Of B0 TSR ARIBERC- 110 can be adapted to
stoichio ,cal Ly c ust the_jncomn I xt ur.e fuel, in.ine 112.10 and
conpr osoJIVEL daf R Steob §51. ESTARY Tt hiicar ok FH o Puils ndtusos e
st oi chi onBfréch, EMBUEved fibeh 1he €10 axpanden49.0f domsinpl@ntitainy) e anfbgen-
conponent‘cooljngrrequirenents, a portion of the exhaust gas derived from

t he conprigdsissidpesfichia BYlraayrbe a4nted angler gpadudiresHEduong of mpase vgerafipnso the
conbustiaop .c ' T. i i.scl e
can esseﬁ?Fa$f§P€§Fﬁ#ﬁ%@%mghﬁhégggéﬁﬂSggégnﬁﬁggﬁﬁgﬁgﬁé&ﬁéd@ﬂnghéaéﬁﬁﬂ%ie
si mul t anespsidedi incs easicgaides 1620 seadnpOai povasd-préduciiiyc hitrohe cgparietsfleidiaust
stream 122 can have | ess than about 3.0 vol % oxy or less than about 1.0

vol % oxy geHPIct o s 6 Op wararaigb d#8-0 /¢ sy BKH, To tho gt PES8dEHY GhotR
9. 001, ¥0liige Loud AP 361 RO AnRP L iph &3ort 1EXATRLATY ORRIAL LAR 954 Iheois! em

100 w1l now cusse can be appreciate specific tenperatures and
pr essur esnatbhniesle dleotricak per othercpav ¢rncauipbn@ Othe@by clls wiup qroetidrs o6 fthea pywarf

t he enbodi nen di scl osed herein can change dependin n,, .among ot her
factors, SREASIDPS S CHENGSE ars CHGA AN CHEP Syt A Re AFRRSPaRgRaP the
nmodel s ofgae% Bf P52, GRRRAKRERsSin lﬁfl@qlSG,rc%n_si@ﬁ% ARGRH Mt Ygen! Eanvhd YenlRQl
appreci ated that the particular data describe ﬂereln is for illustrative

pur poses tothgatmesphsihoot dnmeoneciied oonstheuerblimstiansknewinyin itht at. pF et exainpte, the
there%S In aqigngpdinegia thebinl L. Gonpressor 11@ can be cqﬁéi%géq% bo 25
provi de CORPIESSLIPESRISHEHY CHhOT Pivd 1111 CYPORT RS SEP R PRRe SEM et W e VBt ut
280 psi a raigteao WmpERuRS be theAbxdaus it elicatally kies@ibad iNeNE¥eicurehtly filed
aeroderivative gas turbhine technologé; whi ch can produce and consune

pressuredJ&f Bpchlo Appligatipno optitled andtoighiametyipoSBimstioni WitkonpeysorGan4
can be c E QLK & . ,

Facyol e SreliEihith by AT CaRal QUL InF KRS ST TiUTHAR AR SREREEARS Yy,
chanmber IiRrgiceswutie, canat use iopssihowvithf tHehptesecyistlesurexhdusit igas as a

diluent in the combustion chanber 110. Because nts of diluent needed in
t he C%bﬁrﬂhog%ngﬁa%epom ination of the gas expander lsg,rrPn et compressor 118, and CO;

separator can be characterized as an open Brayton cycle, or the third power producing

component of the system 100.

[0030] In other embodiments, however, the gas expander 152 can be used to provide
power to other applications, and not directly coupled to the stoichiometric compressor 118.
30 For example, there may be a substantial mismatch between the power generated by the
expander 152 and the requirements of the compressor 118. In such cases, the expander 152
could be adapted to drive a smaller compressor (not shown) that demands less power. In yet
other embodiments, the gas expander 152 can be replaced with a downstream compressor

(not shown) configured to compress the residual stream 151 and generate a compressed
-8 -



110 can depend on the purity of the oxidant used for stoichionetric
conbustion or the nodel of expander 106, a ring of thernocouples and/ or
oxygen seweanr/isos shown) can be 9 - WO 2012/ 003076 PCPCUDSRM11/0839824
associated with the conbustion chanber or the gas turbine systemgenerally
to determine, by direct neasurenent or by estimation and/or cal cul ation,
the t enpekahist zRN6HUiRAbIOXNI e GRAC 8RS I AlbRBvdiN BN§r&kuRPhRItél880r FOR
exanpl e, thernocoupl es and/ orf oxygen sensors nmay be di sposed on the outl et
of the cowblieatiosh chanber 110, the inlet of the expander 106, 5 and/or the
outlet of the exsander 106. | n operation, the thernncpu&%es and sensors can

be adapt d803Y redhs EOR wistpybibisfcaeieddiciein apecarlyaxith theradgiion of s hasat as
diluent t i . ire i t
Fenper at o aRGor 10, BRPOL G Al COMTDUBAER Hithe: DEnd-FANET CHPAME RS

t he cairbuss iobthectrandreendrifion Fstesy 100 thasipoaldeving fothmoteestectieq (O, sppmitson

detectedéb t he thernocouples and t he oxygen | ev é det ect.ed b¥ the 10
oxygen sdRbOHEIHHE SEIHEIN. PRSLE FRBIFBAC GifpF OBs 8P EBUSEY oSt FEHCT44
and conpressRth@nt dloskd Hetdig cllﬁ%f?&ﬂv&? imBRhRULRL eshehtraRdmt 60!d®did ehe

mat ch the demand. [0034]In at |east one enbodiment, a pressure drop of
about 12-ckBaysticas semanble abrplel(vel¢ed haghcos$o tabewnepdish ikisi the combmdsion chadber

during stgi.chi qnet i onbust.i on.. Conmbust i of the fuel inJdine 112 d
the' commrd0ch Bl iR AR Qs AR B e e d B e b i pat e

about 1@00RAdFeaipreae@ubxid@i0in- limad1 pf.es Eliloeger 8N Ghdtldrdts ORt 2opPaiae tef akout
300 psia. Because of the increased nmass flow and hi gher specific heat
capaci t y ssFichipacioopeominstien knoset gepander 100eilqt tompeRBIC ahph compeRPnf se9ldlce
stream 1 . i r.pres [ | eyve e d

106, ¢ her Sy s EF S a0 PRt KL AREREE L AELIRIN Bl .,
106 powercan2@: [sROIBhdhslyyaseasd ievohagstorsbusdam chambexilldng & hdlvextpandes, 106

can have a pressure_at or near anbient. In at |east one enbodi nent, the
gaseous exHdunends petiydisshosprgcanoeengally enial B FEBUOXYBCDITpY) tQ@ cxtpast

t enpeyat : St 0 r fr F
o abbut e DR ARt SorOT nFRST ¢ Ay, ATLAZO iR,
| i ne 130 saramd22@eh baveelessatha algas 3i0nvdlYormexy &8 .or Tdse thmnabedt ek alds bxys, omn
line 132 25 can _have a tenperature ranging fro out 190 F to about 200 F.
In one orlest?ﬁﬁaél aé’r‘?%@il ﬁ@%?%%oﬁ%‘@fﬂﬁﬁg ﬂﬂ?%i gbo gék&glaﬁd LWHEE t he tenperature
of the c exhaust s iNh line 132 there ener at.i t.he cool ed recycle
gas. ot ed Wi h A See AR epetelPlrd BatlEh PR O S EE 00l BB 3R FHubE g
primaril yAQBaneé apptebiate@pRcHlcUtetpeiaturspend bicSsurer adhiond anapetidncsd in the
specific seasons. Depending on the degree of cooling provided by the

cool i #Y 3@rigns eompenents AT the cobrdimans dsclazeddicadn tcan ichetesAspcndies fass
flow rat t d . - i re
erbodi menran e AR sy 8P R e R Nk e B R o
pr essur e apardees, compadsareayolces, gas Atcwrdimph4 widl be pypescatee thaanigl peyticOMD

2012/ 003076PCT/ US2011/.039824 from about 17.1 psia tqQ about 21 ia, As a
resul t, t43E IRsrm iR dslor ilysiratiucirpess aa a@e}r@%@@@gg%cweygff authe PR st

gas wit h_iﬁtemrgtlaﬁén densift Y chiB6iiaRe dh8BsISt E&Iﬁﬁ‘f’esgo_l?el_rlﬁbéﬁna{gé %ffgglrécpfo a
substantial l'y higher discharge pressure while maintaining the sane or

sim |3y prewdarcempetsiayl. oXidamtin| lewst14oatepreptiodti meging lichecdneshpat 80 meiacdnd he
conpressed recycle stream5 144 discharged fromthe main c ressor 104 can
be mbout 86 DU S B Sanblerdr i ent Bet B TETE dronlRy
tabl e pr ovhigesad ®SHhdRhndes s HoguRtLFap MRt 250 piRhhPASrdased on

conbi ned-cycle gas turbines, with and wi thout the added benefit of a boost

conpressgno3d’2, ake desccob@ekskar Bidncan be configured to compress recycled exhaust gas
into the compressed recycle stream 144 at a pressure nominally above or at the combustion

30 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 model

of expander 106, a ring of thermocouples and/or oxygen sensors (not shown) can be

-9.-



10TABLE 1 Triple -Cycle Performance Conparison Power (MN Recirc. Cycle wo
Boost Conpressor Recirc. Cycle w Boost Conpressor Gas Turbi ne Expander
Power 105802aBMobibn Conpressor 538 542 Fan or Boost Comprassan/o3s2£7 |nl et
Conpr essor 283 315 Total Conpression Power 835

associated with the combustion chamber or the gas turbine system generally to determine, by
direct measurement or by estimation and/or calculation, the temperature and/or oxygen
concentration in one or more streams. For example, thermocouples and/or oxygen sensors
may be disposed on the outlet of the combustion chamber 110, the inlet of the expander 106,

5 and/or the outlet of the expander 106. In operation, the thermocouples and sensors can be
adapted to regulate and determine the volume of exhaust gas required as diluent 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

10  oxygen sensors, the volumetric mass flow of compressed recycle stream 144 and compressed

oxidant in line 114 can be manipulated or controlled to match the demand.

[0034] In at least one embodiment, a pressure drop of about 12-13 psia can be
experienced across the combustion chamber 110 during stoichiometric combustion.
Combustion of the fuel in line 112 and the compressed oxidant in line 114 can generate
15 temperatures between about 2000 °F and about 3000 °F and pressures ranging from 250 psia
to about 300 psia. Because of the increased mass flow and higher specific heat capacity of
the CO,-rich exhaust gas derived from the compressed recycle stream 144, a higher pressure
ratio can be achieved across the expander 106, thereby allowing for higher inlet temperatures

and increased expander 106 power.

20  [0035] The gaseous exhaust stream 122 exiting the expander 106 can have a pressure at
or near ambient. In at least one embodiment, the gascous exhaust stream 122 can have a
pressure of about 15.2 psia. The temperature of the gaseous exhaust stream 122 can range
from about 1180 °F to about 1250 °F before passing through the HRSG 126 to generate
steam in line 130 and a cooled exhaust gas in line 132. The cooled exhaust gas in line 132

25 can have a temperature ranging from about 190 °F to about 200 °F. 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 120 °F, depending primarily on wet bulb temperatures in specific locations
and during specific seasons. Depending on the degree of cooling provided by the cooling

30 unit 134, the cooling unit may be adapted to increase the mass flow rate of the cooled

recycled gas stream.

[0036] 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
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883 Net Gas Turbine Power 216 261 Steam Turbi ne Net Power 395 407 Standard
Machi nery Net Power 611 668 Aux. Losses 13 15 Nitrogen Expander Power 156
181 Conmbiwecoywb&ePower 598 653 Effici ency Fuel Rat ePCwRBRI1N0}9I824

from about 17.1 psia to about 21 psia. As a result, the main compressor 104 receives and
compresses a recycled exhaust gas 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 at least one embodiment, the temperature of the compressed recycle stream
5 144 discharged from the main compressor 104 can be about 800 °F, with a pressure of around

280 psia.

[0037] The following table provides testing results and performance estimations based on
combined-cycle gas turbines, with and without the added benefit of a boost compressor 142,

as described herein.

10 TABLE 1
Triple -Cycle Performance Comparison
Recire. Cycle | Recire. Cycle w/
Power (MW) w/o Boost Boost
Compressor Compressor
Gas Turbine Expander Power 1055 1150
Main Compressor 538 542
Fan or Boost Compressor 13 27
Inlet Compressor 283 315
Total Compression Power 835 883
Net Gas Turbine Power 216 261
Steam Turbine Net Power 395 407
Standard Machinery Net Power 611 668
Aux. Losses 13 15
Nitrogen Expander Power 156 181
Combined Cycle Power 598 653
Efficiency
Fuel Rate (mBTU/hr) 5947 6322
Heat Rate (BTU/kWh) 9949 9680
Combined Cycle Eff. (%lhv) 34.3 35.2
CO, Purge Pressure (psia) 230 308

15

As should be apparent from Table 1, embodiments including a boost compressor

142 can result in an increase in expander 106 power (i.e., "Gas Turbine Expander Power")
due to the increase in pressure ratios. Although the power demand for the main compressor
104 can increase, its increase is more than offset by the increase in power output of the
expander 106, thereby resulting in an overall thermodynamic performance efficiency

improvement of around 1% lhv (lower heated value).

[0039] Moreover, the addition of the boost compressor 142 can also increase the power
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5947 6322 Heat Rate (BTU kW) 9949 9680 Conbi ned Cycle EIf. (%hv) 34.3
35.2 CO2 Purge Pressure (psia) 280 308 [0038] As shoul d be apparent from
Tabl e 1, wotzotboesetss i ncl udi ng a boost conpressor 142 ca&nTrssulion3gsa4 an

i ncrease in expander 106 power (i.e., "Gas Turbine Expander Power") due to
the increase in pressure ratios. A though the power demand for the main

conpr essQfutph® of Wk ARDENCKLRAMAE: 153, SWHACHBR IS e'x?ar{lléf & fdaiporids ebtilpYurkite,
i ncrease in power output of the expander 1086, hereby resulting in an

overal | tb@@ﬁtn@uymawr: 143 rmay irenesse dlidg C@zemgﬁurenpr theeprae sttamrldnkinel vnhy

145" Can anesShenB ke rkRQmRtaDe Beoutedfo B v R e by 8 o TRAGR o
the nitrqgebrexpanigethcl6D, whpent@utds aie empaﬂadlelghas COycpdrfialr picgshire. St Sdldh

further, boost conpressor 142 may increase the CO2 pressure I n the gyrge
stream 14BIDreveaeniartan foglades Sut pregipt fanitsd de.surcdueifon Meovstalleapiel e@mMABEC an

ead to iimioed Folen ?&Jp@ﬂéﬂt@&e@@é&%%ﬁ?@rﬁ%ﬁr@ctfoﬂ X%, Separator 148 due

to the higher part essure | mprove can include, but

are not ljppdgjed Referd@nd BIWCHI PIG.Ii N &FS?Jt&i s &Rt ALIEXPRBIIIHhE S ik hBRef Orm
of reduced equi pnent size for the solvent extraction process.

[ 0040] Refwmmahgn ﬁmm d 0@ oG FIQ, ld@pb@;h@ﬂamct denarib¢d ey spetdny 0@ niodiuaknlGf2 t he

gg\ger Ag ener a aér%\t%]o %tho}cefelience 1o’ Flamfocglmdlar odthg%§lgtreﬁ1bﬁﬁ &SFI%}/ﬁt (tehm

10 systern 200 of FIG. 2 includes a gas turbine system 102 coupled to or otherwise supported by
an exhaust gas recirculation (EGR) system 124. The EGR system 124 in FIG. 2, however,
can include an embodiment where the boost compressor 142 follows or may otherwise be
fluidly coupled to the HRSG 126. As such, the cooled exhaust gas in line 132 can be
compressed in the boost compressor 142 before being reduced in temperature in the cooling

15 unit 134. Thus, the cooling unit 134 can serve as an aftercooler adapted to remove the heat of
compression generated by the boost compressor 142. As with previously disclosed
embodiments, the water dropout stream 138 may or may not be routed to the HRSG 126 to

generate additional steam in line 130.

[0041] The cooled recycle gas stream 140 can then be directed to the main compressor
20 104 where it is further compressed, as discussed above, thereby generating the compressed
recycle stream 144. As can be appreciated, cooling the cooled exhaust gas in line 132 in the
cooling unit 134 after compression in the boost compressor 142 can reduce the amount of
power required to compress the cooled recycle gas stream 140 to a predetermined pressure in

the succeeding main compressor 104.

25  [0042] FIG. 3 depicts another embodiment of the low emission power generation system
100 of FIG. 1, embodied as system 300. As such, FIG. 3 may be best understood with
reference to FIGs. 1 and 2. Similar to the systems 100, 200 described in FIGs. 1 and 2,
respectively, the system 300 includes a gas turbine system 102 supported by or otherwise
coupled to an EGR system 124. The EGR system 124 in FIG. 3, however, can include a first

30 cooling unit 134 and a second cooling unit 136, having the boost compressor 142 fluidly
coupled therebetween. As with previous embodiments, each cooling unit 134, 136 can be a

direct contact cooler, trim cooler, or the like, as known in the art.

[0043] In one or more embodiments, the cooled exhaust gas in line 132 discharged from
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may be best understood with reference to FIG 1. Simlar to the system 100
of FIG 1, the 10 system 200 of FIG 2 includes a gas turbine system 102
coupl ed twoap1200BEsW se supported by an exhaust gas reciPCTaiSat1i10898¢ECR)
system 124. The EGR system 124 in FIG 2, however, can include an

enbodi ment where the boost conpressor 142 follows or nmay otherw se be
fluidly cRUPIRSE 126 terd GRS firdSodHE unit 1534 16 PR R @XBAdMSedRatel Brdpblie
132 can be conpressed in the boost conpressor 142 before being reduced in
t enper at witgamnl 38rrad eowlolatgred B la gis steaa, 14Pn ukhe eaededeigeydla gasusireamt BY esarbe
serve as an_aflter.cool a .remve th at_of c ression perated
by e bolerRUoR IR oSl GAZBE A i STPLE oSy I8 e lirs LA RB ReRTC Ao
wat er dr gpeuh SH0r eadthbd 8lirketyit 66 thwyectat cdiging auitelB 6l OTHNecbiBEoolid@ 1nix 136
generate additional steamin line 130. [0041] The cool ed recycl e gas stream
140 cah tHRBACIYE 28iPR abereerlebadapiediaremensie 884 of copprostonawicaatrd by sherbposher
conpr essj%mpggssgﬂ BRUSTEN s GRS e a@&%ﬁﬁ%oﬂ&&%%ﬂv‘aﬁ%g vfaglewﬁﬁf‘@ﬁo?&&%ﬁe&ﬁ%s' €
stream 144, can be appreciated, cooling the cooled exhaust gas In I'ine
132 in tHe onook nuvge ambbddiidtsaédchrwaaniopsgisobtarh 138 hei3haes br mappoebs arutdid 2
can reduce t t of power required to.c ress the cool ed recycl e gas
strean1148ﬂF£ﬁ§§§$@gé?§F rﬁ@&dﬁpggéﬁF@HVﬁ?Pﬁgggucceeding mai n conpr essor
104. 25 | ] FI 3_depicts another e i ment, of .t he | gw em.ssi on power
gener ati HOEst enr OBl fie2ef 18 o TRl clfias oty at Mot he T IR, O BRHS
nmay bey besinpdder 8040 ad gMetdic HIRf espesset GedslclEs strehn N4l 2omBially! @ové @r tabehe
systens 100, 200 described in FIGs. 1 and 2, respectively, the system 300
i ncl udes @mpastiquehsimbsr $1& peeayuTO 2A8 Gpbbe eRRIcHiytedr cogling g epoladorrbhes genitan
EGR syst 124 . - ' , [ ' d LJ st
30 coor i euiazyin 148 A RoBEL B B4 ok ridh R ar U 68 on PR B, KE Gy oreld
conpr essahe tdded krevydleygas GtrpArad 40 lie b Bdove @BmprSson 4R, Viercooets fietteodootayt s,

each cooling unit 134, 136 can be_a direct %pntact cooler, trimcooler, or
the |ike,cX88uskibis seepndireoling unif b3t ey igdugseeths pMRERtr TopsETSAvHES O £9BPTESOI ed
exhau I i i r [ / 39824
N R R e e R R A S b e L TR
condensecowgpressordildpout stream 138 and a cool ed recycle gas stream 140. The
cool ed recycl e gas stream 140 can be directed to the boost conpressor 142
in order [PWHoosWhilsethgrrrssont elisgfostgemepdiceshseentipld &0 yagoust medricadons andd
then dir ea(l\ftternia]iivé ?ot hse R &2 rI]I(lj 15 OOlninn 'unliltts djl's%%sea_h%oxsfe gnedbce%oéhior\}&% gni tb 136
5 can serve as an’alt ercool er IXdeap a0 Eimovet the hedtt 8 conpr essti on
gener at edvyoft Hanpt SHowovae! #SEeld kdadin banshdals®od teroke daddidrt anadt ifendiensed
water via a water dropout. stream 143. In one or nore enbodi nents, each

wat er 2Qr dpdGtlimifedetarthg particylas ephgdigientredischesed hergin yinsdged.ghe ReespRaiisciogra o
generate ; iy £ i 4 [ . .S am
120 can' (haces AT e EAT, bl ind AREHITIS ARG, ST S B MBCHERS
conpr essedopeafitht ephdebetnitdbd nom nal |y above or at the conbustion chanber
110 pressure. As can be appreciated, cooling the cool ed exhaust gas in |line
132 in the first cooling unit 134 can reduce the amobunt of power required
to conpress the cool ed recycle gas stream 140 in the boost conpressor 142.
Mor eover, further cooling exhaust in the second cooling unit 136 can reduce
t he anobunt of power required to conpress 15 the cool ed recycle gas stream
140 to a predeterm ned pressure in the succeeding nmain conpressor 104.

[ 0045] Whi |l e the present disclosure nay be susceptible to various

nodi fications and alternative forns, the exenplary enbodi nents di scussed
above have been shown only by way of exanple. However, it should again be
understood that the disclosure is not intended 20 to be limted to the
particul ar enbodi nents disclosed herein. Indeed, the present disclosure
includes all alternatives, nodifications, and equivalents falling within
the true spirit and scope of the appended clains. WO

2012/ 003076PCT/ US2011/ 039824 CLAI M5
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What is claimed is: 1. An integrated system conprising: a gas turbine
system conprising: 5a first conpressor configured to receive and conpress
a cool ed weoydlm3gas streaminto a conpressed recycl e sPCEASR011/03BW26econd
conpressor configured to receive andcganmess a feed oxidant into a
conpressed oxidant; a conbustion chanber configured to receive the

conpr eswaat is ekytddkisst ream and 10 the conpressed oxidant and stoichionetric
ally conbust a fuel stream wherein the conpressed recycle stream serves as
a dil uent t Ampderrate systarbustiponingenper at ur es; and an expander
coupled to the first conpressor and configured to receive a discharge from
t he combust idgrsdWRMSsYSEn, gunpivn® a gaseous exhaust stream and at | east
15partially drive the first conmpressor; and an exhaust gas recircul ation
sysPem conpri si righrst comprREsat CORgRsh to reqedmngeiqBIPaEss 2 BleHirgRYckRas stream

receive the 9aﬁﬁ@H%oE%ﬂ%&%Haﬁkkﬁéﬁ%ﬁf0”1the expander and generate steam and
a cool ed exhaust stream and ’ a boost conpressor configured to

receive and increagRohd@oRbRSSH @nfikulchao GQiRIakPeNNAMS! a SLEEBRASR RIPQY] de
a cool ed recycle gas streamfor injection into the first conpressor. 2.
The system of e¢rapigssed owitlenei n t he exhaust gas recircul ati on system further
conpri ses a steam gas, turbine configured to receive the steam and generate
el ectrical power .2 cagnbupfan ghambsh onfigusd dp TecehfethgicAMpFRsdetsqy gk isHeam and
ai rn oxygen-ri ' 3&@5% 4c T of
clépn11, mhere?%:?%gﬂgﬁg C%?%gﬁ%??gk%e ecggﬁhpf%%?%Séad?ghgﬂﬁéﬁi%ggkﬁJhgf:
nat ural gas, nedhpressedrepittcharcatnudcaves,asprdpanieto wydgyas cothbesaln, tchpraseese,
aviation fuel, cpal derived fuel, bio-fuel, oxygenated hydrocarbon

f eedst ock, andm%ﬁy conbi nation thereof. 5. The systemof claim1, wherein
the exhaust gas rgelieul BLLON OYSHE R U bRELOMRILRER. Ry BORL A EASH ARG
cooling unit configlre t 5O eEeive” A AR Ehe ot %18%61e8 exAAUSTS
stream and cookesh fRCYsthBusgas chhmBamagendrfte 32REIBLE cRhMBL Sfrchi QPO 184dteam

and the cool ed rechIe gas stream
15 partially drive the first compressor; and

an exhaust gas recirculation system, comprising;:

a heat recovery steam generator configured to receive the gaseous exhaust stream

from the expander and generate steam and a cooled exhaust stream; and

a boost compressor configured to receive and increase the pressure of the cooled
20 exhaust stream to provide a cooled recycle gas stream for injection into the first

Compressor.

2. The system of claim 1, wherein the exhaust gas recirculation system further comprises a

steam gas turbine configured to receive the steam and generate electrical power.

3. The system of claim 1, wherein the feed oxidant is air, oxygen-rich air, and any

25  combination thereof.

4. 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.

5. The system of claim 1, wherein the exhaust gas recirculation system further comprises a
30 at least one cooling unit configured to receive at least one of the cooled exhaust stream and

cooled recycle gas stream and to generate a water dropout stream and the cooled recycle gas

stream.
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WD 2012/ 003076PCT/ US2011/ 039824 )f claim5, wherein the
wat er dropout streamis fluidly coupled to the heat recovery steam
gener at orwoaopaae’at e additi onal steam 7. The syst em of PCITAiSRo11/0398h€r ei n

the gaseous exhaust st ggamsi ShRfedY tkedatbP diopButh@Rhm BAANEN YeouPlicl t@tth@hcat
pressure above atnospheric. 58. The systemof claim1l, wherein the

t enper aceaversofteanh genyaievioceskusiditonaled¢nnexi t i ng t he expander is about

1250 F._ 9. The system of claim 1, wherein the boost conpressor increases
the pressur el sk ebAldm [ ederan ¢ satepinsihaysh sisrads 44 PEOBadnie Hicahenbt

17.1 p%@ovteg,&gp&t(aelﬁg?&%ia%me Iosihgicsystem of claim1, further conprising

a purge streamta romthe conpressed 10recycle stream 11. The system

of gl aign 10, Tahet@ibitddmPUNIRr§h R mbSratUre 8t 8 dabeods CkauSERALAL KitidOthe
generate a carbon di oxi de stream and a residual stream substantially

conpr i sixpgndst tsrabgenl 2PAs’F. 12. The systemof claim 10, wherein at |east a
portion of the purge streamis sent to a |location for carbon dioxide
sequesttat i orhe yalEPoH driexi. Fecsdn g baost ensppresspr inckcasepdhg prggsurgef the cooled

conbi ”%&ﬁﬁs%‘ajs%h@f{ég&é greséllﬁe bétwWTED Qﬁ’&t%.lﬁﬁ%ﬁ?%&&% yer, conprising:

conpressi'ng coo cycle gas stream Irst conpressor to generate a

conpresged raRYGiRnsbl eRlth CAIRAESS&INEisthd £dr XA takBn FroBEBRNEbmpressed
conpressor to generate a conpressed oxidant; conmbusting a fuel stream and

t hd Ocorrpeyebssttamxi dant in the presence of the conpressed recycle streamin
a conbustion chanber, ther ebg generating a discharge, wherein the

conpresided rEwyBistensof s 40.atapicey theoPwigaeitigp® hEca¥imiepal (e scpiraiondo
di schargferye %arbcﬁf(cﬂgﬁ% Qe in i RELRLESG A sﬁﬂ?ﬁﬁ&&&‘&@&ﬁn@ Hileh gaﬁ
power r n eat

gaseous’ exhaust stream and at [east one unit 0 ecove

fromthe gasﬁi%%st%ﬁlmimdﬂ()? GIMRFat 1Basa Bsﬁfonro%%vlﬁfrge St&AMs I6MEeH U atibR
produce steam and a cool ed exhaust stream and I ncreasing the

pr essurfer ofrboh dioz tts| sequasithtaars tcabon elamidasadesh ombon cantpicesetingt or gmavina®na
coql ed thef%%fl e gas streamfor injection into the first conpressor. 14. The
met r?od §°Crai m 13, further conprising generating electrical power fromthe

steamin 30 o] Jhe nmethod of claim 13, further
conpri sll%hg ?%o e?%?%@?%g{é@ _@Cﬁxéerbﬁ%nes ol ed exhaust stream and the cool ed
recycle gas QifRalnkn &otQPlcbide BN Strdath EBUE cBinpl&&tito BeRQhlel LEbRfressed

condensed water therefrom
recycle stream;

compressing a feed oxidant in a second compressor to generate a compressed oxidant;
20 combusting a fuel stream and the compressed oxidant in the presence of the compressed

recycle stream in a combustion chamber, thereby generating a discharge, wherein the compressed

recycle stream is adapted to moderate the temperature of the discharge;
expanding the discharge in an expander to generate a gasecous exhaust stream and at least
one unit of power;
25 recovering heat from the gaseous exhaust discharge in a heat recovery steam generator to
produce steam and a cooled exhaust stream; and
increasing the pressure of the cooled exhaust stream in a boost compressor to provide a
cooled recycle gas stream for injection into the first compressor.
14.  The method of claim 13, further comprising generating electrical power from the steam in
30  asteam gas turbine.

15.  The method of claim 13, further comprising cooling at least one of the cooled exhaust
stream and the cooled recycle gas stream in a cooling unit to remove at least a portion of

condensed water therefrom.
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WD 2012/ 003076PCT/ US2011/ 039824 16. The method of claim 15, further
conprising routing the portion of condensed water fromthe cooling unit to
t he heat wecolz#ogo7st eam generator to generate additi onalPC3iusaom1/039874 The
met hod of claim 13, further conprising: 5renoving a portion of the
conpressed recycle streamin a purge stream treating the purge streamin a

CQO2 sepia: at oFtic ragtlod of claim db stubhegéorgprivirgatolnang cHeqorten S coddbhs@d dvader from
residual stream substantially conprising nitrogen gas.fromthe CO2
separ attB cooling unio therhegh igeery e BENLBRH I B5nREHC AdsiitiQakstedifhi ne system

i sing: i . fi. dt i d
ool ed ooy dite Hsbod BT T i cORBratted recycle stream & second
comaressor " Gontl gurad 46 (EReLYS, AN GOMBISS. A epd i dant Tnto a
conpressed oxidant; & cOMUSTT O chaBer “Cont i gured to retei ve the

conpr essed rt?e%ﬁﬁ% ﬁlgj;ugwgg&qntarﬁ)zcsg ngﬁﬁ’sﬁﬂ oxi dant and stoichionetrically

conbust a fuel s m- an an exp er coupled to the first conpressor

and confi gur@enh@idaetarborR ditix3ech 3 &n fah@M trBEd GO ek Qbs@RBARE CofPrisin
generate a gaseous exhaust streamat a tenperature of at |east "about 1250F

and t o nyepgenatas figm the 441, sgparatgni t of power; and 20an exhaust gas
recircul ation systet% conprising; a heat recovery steam generator
§

confi gued tN HEREERIGE SYHEN.FREWSNCexhaust stream from the expander and to

geﬁﬁr ate steam and. a cool ed exhaust stream a boost conpressor
co

i gured tOBPEUBINTSYHAY: FHRPENE the pr essure of the cool ed exhaust
streamto a pr €S SUfit p % &3r g(ﬁjnq%urejdab]fec%?leaﬁr{[doco %ﬁts a%%o ?'rg-yc%nqaséégam
G eont | 0 h PG

first cooling uni ared ecelve e cool ed"exhaus romthe
boost conpr essaito avempesaidate ck wauer dropout stream and the cool ed recycle
gas streamfor injection into the first conpressor. 19. The system of
claim 18, furthera swopd icempessorponfjeusti rteancdiakemd fompreshe feahpridsgeidto a
recycle streamand tr atfdg in a CO2 separator to generate a carbon dioxide
stream and a r &SPRGEICI80 P#eam substantially conprising nitrogen gas.

15 a combustion chamber configured to receive the compressed recycle stream and

the compressed oxidant and stoichiometrically combust a fuel stream; and

an expander coupled to the first compressor and configured to receive a discharge
from the combustion chamber to generate a gaseous exhaust stream at a temperature

of at least about 1250°F and to generate at least one unit of power; and
20 an exhaust gas recirculation system, comprising:

a heat recovery steam generator configured to receive the gaseous exhaust stream

from the expander and to generate steam and a cooled exhaust stream;

a boost compressor configured to receive and increase the pressure of the cooled

exhaust stream to a pressure between about 17.1 psia to about 21 psia; and

25 a first cooling unit configured to receive the cooled exhaust stream from the boost
compressor and generate a water dropout stream and the cooled recycle gas stream for

injection into the first compressor.

19.  The system of claim 18, further comprising a purge stream taken from the compressed
recycle stream and treated in a CO, separator to generate a carbon dioxide stream and a residual

30  stream substantially comprising nitrogen gas.
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