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countries make reducing CO2 enissrons a priori r these and ot her _
countri §g0RS WeldbodSndnf of hBe CRIBIGREE SRl IR GhisiDY PWREAT RRpHAIHCT 1 on
systens therein. [0006] Sone approaches to |ower CO2 em ssions include fuel
de- car beembatederyclsrpopss systand. 2012/ 003080PCT/ US2011/ 039830 conbusti on
capture using solvents, such as am nes. However. both of these solutions

are expensive and reduceBASKGEROIND Ok THEDISCLONURE o5yl ting in | over
powes. pr tion,.increased, fuel . demand and .i ncreased st _of .eliectricity
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difficult to rendve. The typical NGCC produces | ow pressure exhaust gas

whi ch r g0e0daies Sorhe appioachedfto idvecrpODe empssiaal dedudeofuek te-amboiibatidoChr Hast-
sequestration or EOR, thereby reducing the thermal efficiency of the NGCC
Further, the equi pnent for the CO2 extrlaction is | arge and expensive, and
several stages of conpression are required to take the anbient pressure gas
to the pressure required for EOR or 25 sequestration. Such limtations are
typi cal of post-conbustion carbon capture froml ow pressure exhaust gas
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[ 0009] The present disclosure provides systens and net hods for generating
power with an integrated CO2 separation system Exenplary systens include a
gas turbiwe 2012410808p) an exhaust gas recircul ati on syst empCa/useat/og8shanger ,
and a CO2 separator. The gas turbine system may have a conbusti on chanber
configured to stoichionetrically conmbust a WO 2012/ 003080PCT/ US2011/ 039830
conpr essethboxtiatackptiarn disamgf welenisn stdieapamsenc dofevar,corip o€ sissd sphitipod ere
streamin order t nerate a discharge.stream which is exggnded in an

ex panderefp?%éVFeE‘%ﬁo &‘gﬁé? AOPRG SANGALND GH ISR U S ULInE lnloRyey ngyver dieduction,
parti al liycrédsed g RnfaRd Bnd HIPESSB st off Ql%ct?i@ﬂ%9 @ AREAIIR&GYiE 8wt B&RAMABCHS as
a diluent configured to noderate the tenperature of the discharge stream
The 5 exadisstargthe prgsdnce ifarxygen.syQk.emdrdD-haempencniseaskesotie wic of boost
conpressar. atnd ane. or nore ﬁpolaiigg nit S conrfi ur. eg too i nerease . t. heeirrass
flowTat8 S FRO Tt RRRSUS st FERIHFT GPHPEYT e 28 FOHILLY 8IS a5 to
the mai RoAOIRHRSSRS (c.g]NehdFRIcRhARITRER TN tHOFRIMESHRSBENBCERIELH dpaysd ® gas
and generates the conpressed recycle stream a portion of which is directed
to the cdeshsuseansrindneiiedese additienghdroyesinot Repkidhcyslovi Heseserpdhgje a¢ meam
The 10 : L U] : I ey
compri sSORR SR alsTR e Tubii Pl OUBLER H IR U THd FAMARGIRY
absor berto gebdurn Higly phetycotfoeg wi@dfitantly acdioee thhevaull gefictigast tiedprocdssul at e
a pot assjum car honat e sol vent ﬁherein to absghb CQ2 in the purge s%re m
The Hbsorpeil syfismhays semargedheseirprsstferind SRW sy gaihsthaaieeanal sac

bi car bo I t WRA. Iqr e el t he
absor ber Bl i 58 KA D Or B 4 Pl R TR Kt TR 0 o
t o a nediwbineddplerRienpr Esguann dhera egdnersatomnbuscoh uvathaviy SBETEF (G,
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pr oguc T CORRRE B PRLARS LI EOPUMALERORRRL SACRENEAR Lanlal gil back

sorber co pr esent closure further provi
r el ated rsgistuttion ancdhnsst inoggurat gt ednbine@@yeclestINEGCCOR Tnr © vo@renauitd GCGas
recircul ation stream E%:O)EF SCRI, PTI CQI%G: THE .DRAWN%n%OOH The f or egoi ng
and ot héY Sty MR EPOUL W h Ol ks it IR 1 YOLURE THaiFdBl B9y Hice AN

revi ew %%iélﬁ@m&?i'c'&Mb%&i&?&%&%ﬁel?%ﬁé kiRt lieﬁﬁi%ﬁlg 66,2 119 %irQlol O &8 fol NY

exanpl es of enbodi nents i n ich: 25 [0012] FI 1 depicts an Integrated

syst em frooderadovtleniespemurp ane coglethe cabdushgans arthdrecadal@dSdor mtrodeatipn into
accor di QE to OﬁiTﬂe or nore ogi nment.s . of 1t he gr seat gi scl osure. ‘ 0013; FI G
2 depi ct'S° A6THENRE ?’%Pﬁ%@filat &g dipnharoyolyga ARRILE T FS LYY GeNLE 755 %and
enhang exGEdh e ERY 8khausGRRER N diffieulene ehol®r er darenteCoprotii@s Pbgsent
di scl osure. [0014]FIG 3 depicts another integrated systemfor |ow em ssion

power geYiesseici haushdaswhehiagiiesy aofractioa ©b ks powarduedusicd o exirash sheot Optre
enbodi mrent s _of..th sent .di scl re, 5]l 4 i Ng ldustrative
oo caprut Byt EORC S N RELORRAR il B el oERRRER eSS

di scl oswgeipnlcdd if]tht GO, exte@idt S 1anothe expdisiis] fitt soweraCil oot ¢ongpregstiinem
according to gne or nore WO 2012/ 003080PCT/ US2011/ 039830 enbadi nents of
the presEnteaHiEd &l oMbt @ressuge et HioPHesurs | 1eguiredatips, &£ Qpor

captiy e s%%&tsﬁgﬁonac SAEH 1R iBn O BipidiP'F IRCHhIRALE @Afbdn"E&PREESESh low

di scl osur
pressure exhaust gas associated with the combustion of other fossil fuels, such as coal.

[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.
30 SUMMARY OF THE DISCLOSURE

[0009] The present disclosure provides systems and methods for generating power with
an integrated CO;, separation system. Exemplary systems include a gas turbine system, an
exhaust gas recirculation system, a heat exchanger, and a CO, separator. The gas turbine

system may have a combustion chamber configured to stoichiometrically combust a
-2



[0018] FIG 7 depicts another illustrative CO2 capture system according to
one or nore 5 enbodi nents of the present disclosure. [0019]FIG 8 depicts
an i nt egreiDedi2zgpsisem f or | ow em ssi on power generati on &QU/US2411.08%830
expansion for enhanced oil recovery, according to one or nore enbodi nents
of the present disclosure. DETAILED DESCRI PTI ON OF THE DI SCLOSURE 10

[ 0020] | mwotripecsbal bxdamtpndet ficl ed tlbepresdnpt iobn @agiressed redyelesypeamf incorder to
enbodi nent s o%ﬂé.?{gﬁ{)resent dhsgl.osure a(Le descri bed inbconnecti on with

pr ef er r &IMABGHTINERIES SiBReVBICh it SXRARACLI WHTPRRIE RELY SFIGHiTey? gascous
descri pteix@flist Str&R@Ghd 1a€ 148t ParB@NY UGV a BERPESABREsR! PrcP@nhpredtbdiedyer Of
the present disclosure, this is intended to be for exenplary purposés only
and si nphyaproisiadeslilaceiewofigpeid onmoflenaieethe seamsiratnge ofithodisehangesstream. The
Accordi ngly, the disalpsire s not .45 L mlted 1o [he snecilic, smhodiment s
descri bea Bt 8 "SUFTFATHEP T MPh BT Tels “A 0981 9 e RIRT VELPIHN IS Fns
and equinvgtepdisnd @ifsi coafipdredtdinthesSHo pRisOflowvhetc I peNEReb S| cRhalBt strcam to
[0021] Various ternms as used herein are defined below To the extent a term
used i n PEoEfiap wppled feycledas e thepapivvgompresseloul tf MainggopEscsspiectpyathes the
definiti e ' e ' t I ve t a ect ed
in a1 S3QEBSRERTE cuf S BBlLAD ool o RrcuE s BH 55, SR
her ei n, difeetetl @ nhe' B@ahbussibn gastberedmelr § pbioa ofulvliich pesdssen puigastrofrhai Thed
froma crude oil well (assoqciated gas) or from a subterranean gas-bearing
formtt i &52_( HORLLESBEY 8F ggnﬁasép}lp*?ﬁgocﬁ Bt SATAHY BRESOIPESORN RBIUPHI gas
can var Yo i a6 ARiveY and }eé@h&g’éiorp@ﬂﬁ'ﬁlﬁl T‘HQ%F&B&%HHEHJ ha) BS IR AL CH)
as a mmj or conponent, 1.e. greater than 50 nol % of the natural gas stream
i s nmet hapeiveTthe pnakstraim gad cstulaam péassiahsairioontcadolveat thareen REabsGDHE),; in

hi gher | ecul ar wei g hydrocarbons (e.g., C3-.C20 hydrocarbpns), one or
mor e acilBe G e eRg s LR (et o AR o] oAl i and o
conbi natyiQabdmer ®Nent BSufié. UTR fifdSalk@ A ROfGIAR &ulddi tB e A¥BEIY Sol@fn
contam nants such as water, nitrogen, iron sulfide, wax, crude oil, or any
conbl hatandwonfigyred o fl§shohaperbegeld shlverd solutiondo rgreat-atsraspldiicamesspice The
conbustion" refers to a c st on 30.reactd on havi ng a.vol of .reactants
conprt s Fog St B BTG Oue IOSIRE IR bRODAE TP ety A

conbust ibag thdBich®asitandlsemiehBioh Rereaitivie I \al Wiker Alicréhem] Baebaptalucmhgls ed
to formthe products. As used herein, the term"substantially

st oi chi daganeTaEedRigrsiR Gbonats sobeent 19 be reeirplided backrte s dbserbriaealwgna nol ar
rati o of ustjon fuel .to oxygen rangi. 2012/ 003080PCT/ US20 039830
£ r om andBFFIY ue The Brisii ity Afhet BRSER relia DAGP ISR B B
ratim ofreMBYECH, BHBF Axhaldt @M REPEIatRInU$re@n. M Nus 5% of the oxygen required
for the stoichionetric ratio. For exanple, the stoichionetric ratio of fuel
to oxygen for methane BRIEFDESERIPTROR OF GBRE DPRARINGS Propane wi ||l have a
stoichionetric ratio of fuel to oxygen of 5 1:5. Another way of neasuring
subst antlP@ly sThe dhresper rred obissuadirBiagess ohdhe nratent difclaswiggarysbesenced t o
oxygen r I.r.e 0 L. chi i.C C ti.on:. .such a ¢ t:0:.9 1 to
abont 1 TR C i Oley A Th TRl i RIS de Sl P Fab b ot

[ 0024] Erhatiplee of smbdditratspn ehémt | y di scl osed systens and processes may be
used to Broduce ultra | ow em ssion electric power and CO2 for enhanced oil
recoxer JOQROR) BIG.10 depiplie gnristoigeaechppiters afior daw. cnessiondpavert generabioti #nent s

di scl oseeglhhecreg a_m xt ucrceoré)lf air and fue cally or

I LGan b(ta ?tﬁi chi ortnatrf
subst antT ar1y" stdi ¢ onet Fi°CAl¥y ¢6 rl%?rgﬁmaﬁglm "Xet W P E S @am of
recycl eqogg)auski@as deptls aﬁ@ﬂh@@ﬁﬁ‘téﬁfratﬁ@ g}}s’s@érﬁ qore%klﬂék%fssigﬁ%gw@? BEER4tioh and

i ncl udi ng products of conbustion suc CQ2, can be used as a diluent to
cont r ol cohanseh €i0nirs@vanyd eccatdng teortearrpeeracmbedivfentshad the picsdit diselosire.
conmbustion and exhaust gas entering the 15 succeedi ng expander. [0025] By
cool i ng [P exnBli&t3 gepicts qROREHMEREI RS SYHRM Rk oW SsSign Powsr genesafign Hid

rel atdq v i.gR; i i .on of the
B G A T

cl osed Boendjon ENE| #,depictLaRiiNuNGUIPEIQL, sift@RMySRM, bicoisitd tobonEWR more
applications_and electric power can be produced with little or no 20 SCR
NOR, or cotpdiesnigofdhf presentidésclasercat nosphere. [ 0026] The stoi chi ometric or

bst ant | i chi tri nbust i f the fuel nbi ned, wi t h a boost
2ubot el SHE) <UBIR LGy SR 215l A SRR R e

prior to being conpressed for recircul ation can make the CO2 parti al
pressure much -3



hi gher than in conventional gas turbine exhaust. As a result, carbon
capture in a CO2 25 separator can be undertaken using | ess energy-intensive
sol vent s,weuetr/m308pot assi um car bonate (K2CO3) or sodi umpCansenanagostiNa2CCoa) .
The presence of oxygen (02), SOR and NO in the exhaust gas make the use of
am ne solvents (e.g., MEA DEA, MDEA, and related solvents) difficult, even
wi t h t henttioghmeentpofabs prosernlibclossrceased CO2 content, since am ne sol vents
can degrade in their presence. The potassi um or sodi um carbonate sol vents

30 tol ed8¥1t heFHi-fi Aeictyepefber dlapiraive P2 caplirp SESYRL AEGPEEIDH NS o DAGUL

degr adat . i carbonate easily absorbs SOR or NOR
convertielrrllg)%fht 85(3@%/%%3%68%?1?%%}0?{29&5 such as potassiumsulfite (K2S03) and

pot assi Yooyt r aFrs. (KiKHRdts akbaseilusidtivel 28 &upba® sPeasdcbidisl &Ry @edoten an
environmental | y harm ess manner. WO 2012/ 003080PCT/ US2011/ 039830
[ 0027 Rethodimeitneiihe prosens disclpspiss, FI G 1 depicts a schematic of an

illustratjve in rated. system 100 for power generation and CO2 recovery
usi ng. = D01 nebieyR) %m%’ éﬂd@W@FﬂIe,J a&%&‘&%ﬁg}gwoelaﬁéwarp%ege@mpm s.
I'n at 'Qﬁt%geﬁ%%g@rﬁﬁﬁﬂfo%ﬂﬁancéd’@ﬂ RAWREryI8RRERLE Aoy St BBF1QRbFRAChDSF Hide a
gas turbine system 102 characterized as a power- 5 producing, closed

Br ayt on pessehiedisciorarggas t ur bi ne system 102 can have a first or main

conpressor 104 coupled to an 06 via a shaft 108. The shaft 108

expander 1
can be any mechani CQETQF%EHPEQFBIBFIQN@F %&ISMW&, t her eby
A Rl e R L S e A
t ur bi ne pysshedidedreamr describedtinbsiaicdtigasith prdftimed embedimehle HoBidved Go the

conpressor 104 and expander 106 formthe conpressor and expander ends,
r espect ixin{that thedplesying dsesdivten isSPCRiBiRd e @ harticytar saibadigsip Pes syticulgnugnd

expander - Vi i i The
M R A A e T
t o conmbysdvides aeksariptibn o thd 2xempied swmbddimentonphassdidglex thataditclosurd ineotl14.
In o 5 or. nore enbodi nent.s, the fyel .in line 112 can | nclude any.

SUi t obl él%f@éé? %%l%fa'glgﬁ?élmeaﬁﬁicﬁﬁrﬁﬁérﬁeg@wﬁﬁ a%té T, &a}g,cl'u_ﬁ%% ﬂﬂﬁ%@,mé{%’ne,
napht ha,m(t&fﬁ@ﬂr%ns,%eglaﬁ%alem T9RRe wihESRE scd;)%ro@ﬁfere‘ag)ge@d@d%fldi&g fuel, coal

derived fuel, bio-fuel, oxygenated hydrocarbon stock, or conbinations

t her eof [00® ]conpagssewdoxadasdd hefeihiafe ddfirtddmivwe Tdethe ¢e@nf i arausddand or
inlet conpressor 118 fluidly coupled to the conbustjon chanber 110 and

adapt ed 4BMdsapt gfncd bolevs, dethopld; hggiven thy broadey slsTipitiopprsoBhisulF REFHISN! t he
feed oxi Wl - S : alning such as
T oy e P e e
therzpf [DERF9] Aaswistd hbeind@scClethedaturul Fas erciiat @ b hetiympohentcRRTpbEih@N
chanber 110 can al so receive a conpressed recycle stream 144, 1 ncluding an

ex haulst fepa apgrpdmpil Welheasasdptalogasaimy fomn @i ubbg@RC oIS .fomr?éwadﬁgtr-essgd
o hel p PR 480, DA DfEiudCihd pRILEO BRI COLPHES oY, dtalfty CAPt ©

conbust itgpicdfnatird gaesPEas settaidx inchaine i(OHL) avea thijbr aoslpdwal, iien gltcare thhh 50 and
al so increase the CO2 concentration in_the exhaust gas. An exhaust I(%as in
li ne 116"elanobiicgetiplaasdiraamds pieiutiet T8F NatHH ¢ SBFRBraR Ao cealy fianene
112 d C e | I 1¥4.c.i :

e S e i S A P L S P
of the eapander, ydtageh suldtde] embin dvsidehbrowdingeombirtabien ftagebofi rilHe mpdurdll @ascan

be primarily natural .gas, there enerating an exhaust gas in Jine 116

el udi agh dbpunatit it S ruRr S st Sebap st FoBaHIId Mbgen
oxi des (NUe)oil, BPahySadribihat ki tH&Sof SOX) . In some enbodi ments, a small portion
of unburned fuel or other conpounds nay al so be WO

2012/ 0030@XBPCT/ AS23td /HRBIB 3thepieas €l3toi¢hiombteic ecdnghustiorgasefem tbi aeohbGsttbme t o
conmbustion equiljbriumlimgtations. As the exhaus as.|.n line 116 expands
t hr othgh "E4FEOBYRANGet valoB'e o @éﬁématceglpﬁéleﬁ%f@ﬁ@%@ﬁ@lil&roﬁnﬁvaﬂ)%enﬁ? n
conpr essps k% ordl 6 8Ghbistiak 1ALREEEQ wheR thOLRRE vbAfhd bt thESacRd 2L &R
produces a gaseous €xhaust in line 122 having a hei ghtened CO2 content

resul ting fomorthe heduehl uks ofcd haeh, donfsres'sebbtantielly |seoidktracisic gawushon'i ne

144. (00301 The, pover, eNerat 9, Syt S0 AP caha QbR Ths Q08X haURY, 0as
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(EGR) system 124. In one or nore enbodi nents, the EGR system 124 can

i ncl ude a heat recovery steam generator (HRSG 126, or simlar device,
fluidy cwopbedos@soa steam gas turbine 128. In at | east pocmaSestosdsaent , t he
conbi nati on of the HRSG 126 and the steam 10 gas turbine 128 can be
characterized as a cl osed Rankine cycle. In conbination with the gas

t ur bi ne feystaboutl@lds ot mentHREE L1@Gthanakyphe rstveath fgas dsteiclibmetrk2&tioanr morem

part of a conpi ped-cycl ower. generatin | ant, .suyc s a .natural gas
Db ned e SePD FREA I RrHAe! e Saceotselsadeiuivd tor A Sttt (o
the HRSGo}2GxiMpler defe tsifahRER{ce aticarri Mudli 1§ d3Gandop aRelad §xhayst
gas in line 132. in one enbodiment, the steamin |ihe 130 can 15 be sent to
the sted@Hgas2Q.urGPne2828)t Proeaverwillchaddi stomhiimastie catid ebfuchdmwexygen of

[ 0031] The_ cool ed exhaust gas.in |ljne '1?f2 can .be sent to any variety of
apparat usd-arftfrahers way (of imesuiing gubséryially sfdgiopgEic ¢nbusiotds A @o'f%lpe%fsor

104.1n t ' : ed : ' i :
R E SRt U T S U i
each of tahbatt lclah dvenara dexfetblydroms aleit 0@ Sald@ptedt £.65:20 | ncrease t he nmass
flowrate of the cool ed exhaust gas. By increasing the mass flow rate of
t he coollB024BxhalimbodiarentsnefothicyetcRby iscipsed spyieas 8rd PEOsHGhdRayolr pead to
Pr esSUr & et 201 BRGiH QB:HRe piBLNe O TRE &5 Wnhadc 8O Ko SATREOR) or
i npl enentati ons, and as shown I n i, thé recyc?e oop may tonpri'se at
| east0 onequehtionapphicitichs4 Azosridirguibethfodimeadudisclbéte Heetipes alixtue offairt dnel

cool ed exhaust gas 25 in |l jne 132 and generate a cool ed recycl e gas.stream
140. In ’ﬁaéaa eﬁ@ﬂfén%ﬂ%mlmtsggsterﬁ@ éml?haanatﬁwlfn%%nwwd@@damaﬁf diha

cont act oahayr robfdidh EARKSY easd TRENADIE I 1E&IIdI0SIA Qs UBberal includin
conmbi nations thereof The co%l Ing unit 134 can al so be tonfiguréd to renove
a porti gmodifctscondembedionasueh asi €0a, vat be Wedpouwt ddticatn d8Boltvir odthgramse i n
at | east_ope enpodi nent, be.routed to the HRSG 126 via line 141 to provide
2 it or TGS TR erE R et R B BTG Do ik Sfnedts dutnaD R |
one Py nRERcGBRWp4RBES, the cooled recycle gas stream 140 can be directed
to a boost conpressor 142 fluidly coupled to the cooling unit 134. Cooling

t he cool[@2¥xhaBgt copdiagi the | ¢xheust 3ghsi ind hendxasihg ntye umater 34 of athe rsdame at he
power requi.red. . to conpress the coo|ed recycl as stream 140 i he boost
conpr esSBAt oy highgO3EPTHD pis6ET C%L}%P@ég 1R RS wopon iR @3}/@85 pehas

I ncreaset Bgh B @APAH FordbmbBansOMoaeaMEh 2the LRUGPBRFfH dyerk0d %&ﬁ%ﬁg%ufg;egycl e

gas stream 140 before it is introduced into the mai'n conpressor 1

opposed stream cewhe esid fonEOR applioatidyls ane clestrst rawer chie bd prosticaslomph 8¢k nb42

i ncreas t ove | densi. of . the copl ed recycle gas stream 140, thereby
di reCti %3)%%’?1(% é@gé’é}l%&g&%’q S 31;_[%05?@?61 he same volumetric flowto the
mai N CompRSor THO4oBRbAMER tdie SR AERPHERABMARE do Ju¥Ref AR Yo fuel

vol une- f owllmteds, Irecting nore mass flow through the main conpressor
104 can cosdbuled with a bhoghe thadprssduar geotpereinsigrsee rtbemtakeflowirateodithe essost 104,
thereby translating into a hi gher re]ésure ratio tgcr @% th.e1 expander 106. A
hi gher ~ e SSIF d0 PateoCQaRTETSE dar ZeGRRUPH&aRHAEF 16 PRAH! BTPIF 1B

hi gher gyt thaipecahwhbsnanths WRShETRRAst. aMd RGELRAS LatidbnCdPpandah o @@, pover
and efficiency. This can prove advantageous since the CO2-rich exhaust gas
i n 120 | isaparatds qenbe alndgrtplannusingsless mngtrgerintspsit f jobvanésat suchpascipojassium

0034] The .naj 104 b ' d t |
recyel o uRTe KPS Puudr GuRro N ERD dodbe PeF TR i 9 S s o

nonmi nal INOab@\ke thigiusOpRURkkOThe BB aminkOsdv @SS (6.8, MBAI BIRA gamdEAtdndg t he
conpressed recycle stream 144. In at | east one enbodi nent, a purge stream
146 can rPlatedayopeatsh dafficelhecven mpitle shee Bigherciepeira gnd ncaeased 445600 tent, since

subsequent. | r 48 . t ed
pr essﬂr gd%%l%séli(lﬁgg ?&b%&eﬁggﬁgﬁﬁ%@%e@#t&ﬁ gﬁlﬁﬁg 5@%%3%0811 g{(} S?(Il)‘%\ﬁgsal es,
used3i n telepttdhehe pmadeak oxggen réongnc asfbaine direscht adisddsito rwitlopr éssathtiand

injected into a terrestrial reservgir for enhanced oil recover éEg%),
sequest MPIEEET BRIASHI! REPORAIG By8¥ abjsbBEPA oF Bisd Ganvesingaihfa smwle WedEstS al | y
deplete angy L Sk i I : ; e Lved
fromt hgug{oaé1 etgar at ﬁ@%ggzﬁg)%g%ésﬁgg%%om%s?h%sﬁg@?glgiegﬁcgllhvt%t ream
151 can chslyedpanaded in An angesnexpdydermES2namsmech as a power - produci ng
nitrogen expander, fluidly coupled to the CO2 separator 148. As depicted in
FI Gs. 1-3, the gas expander 152 can be optionally coupled to the inlet
conpressor 118 through a common shaft -P54 or ot her nechanical, electrical,
or other power coupling, thereby allow ng a portion



25 of the power generated by the gas expander 152 to drive the inlet
conpressor 118. After expansion in the gas expander 152, an exhaust gas in
| i ne 156,woensi®sisng prinmarily of nitrogen, can be vent edTius20th@3®BoOSpher e
or inplenented into other downstream applications known in the art. For
exanpl e, the expanded nitrogen stream can be used in an evaporative cooling
process [002#]i guRefdrting fhowt herthe dguos, tHE. tledpariat arseshohatichef emhdlistratgas as

Iy 30 i bed ip th ently filed U S Patent Applicat]
Gttt BRI R O TR IR Hb o h b Eeiad) Ry CuP APkl

Direct GaRhaGhedEORbEMing thRic @8 MROESLOdimAIsC n @f RaiheRMLLATRMP AP EHDY
reference to the extent not inconsistent with the present disclosure. In at
| east orsnenbedisysem, 140hearc onrdbideat i gn tofbincheysgens WRpelrdeaterizBa, asi alpotver-

conpressor, 118 nd separat or, can he.characteri.zed as _ an n_Brayt on
cyor e TRt stBed ZEy 8RS ey es ot AEEBH T 1 o B BB brg
conponenon@estdre1 Gy shRdL RO an [RP3fE N0eteE BEROMISTETLS shdTOWBY &an Hehtnygas
expander 152 can be used to provide power to other applications, and not

di r ect | ynesdapradelegricd eosetberamiveins oyl ige Bepbe sdlewimzgportign of herpecdanictler e
may be S Lal.m n e e y expander
152 and%P%ggr(%g%#gégﬂpgm%%ﬁFﬁge%%ﬁ%#g%%dPB?%%5(%ﬁﬂg%bﬁ?g%@eg¥gfﬁgﬁé§%énder
152 coulethtodimdapthedgdsotueiing eyscra NHI2I €n bonpstesked ghnodrbilapwhkrd that mdmnmands
| ess, power. Additionally or alternatively, the expander 152 coul d be
adap%(gq coBpgsH el W rexBRoE U oS tha Sopsshelt 1] RAageGr o %é?s_l’é‘ﬁ%fﬁ- mént s,
as depi cfyed Eﬁbg&iﬁenﬁ; ﬂJWevgﬁs tHeX @?a{é}lqeéo €ss6RM (A€ ahE pb)gfaggerwlh@ Ban be
downst ream conpressor 188 configured to conpress the residual stream 151 10
and genendivelualizzdrpmpesads exthaswtengd82.in |ine 190. In one or nore

enbodi nents, the conpressed exhaust gas in line 190 can be suitable for

i njecti dA038it o Ahe exsr tpshine retcpy d93upan mioninshidice egpbussiar i dhegber nl10
appli cald, s, & GdiRRNARE] 8Rfd Fiol HBEAilva EohL&Ed BAdLALIA LY J1LCA RN
wells to marntain we pressures, conpressing the residual stream 151 nmay
pr oves adwaniragebodimektr thexastph éne 1 h2 cpr i@slsde bzeshitablerhygertadeaa ganot fiqned,190
can instead be 15 ig%ected into the h%grocarbon wel | s and any Eesidual

met hane Y& 22 AAUBY €1 G1eB1n6t AErT S@PUSRqOHaNG RroRanci pyieapadigtyl, kerosene,
appl i catlDfgn reUCEaPderfc@id] ﬂlg-ﬁlb’lebx&%%nllt%@ﬁy&t:lagarb[)@@e%ﬂtgaé oEHmBati&H 124
as described herein, especially wth tthe addition of the bdost conpressor
142, carhdyeofi nplheneorhpdssed @otinevie Bndild#herancbactentvedtiram ofscdofd om irtléte

exhaust gas of t ower genperatjon system 100, t eb I ing for nore
ot toot | vomprpsarch BRHE e ABREGR bd Bt R Saghes SRl do G s &

Mai NEENFa&eoxi@int EER BRGcl & ahdre Bbofiedents) BleaB&eoxi @M 290 BRNINSIudE 86V AfR6Ie
herein can effectively increase the concentration of CO2 in the exhaust gas
st ream tg8s &BB@NINDORY YKo PUTN Fhalf,. OXPECREEH il ioxbigerhdepleted airc puisuetyigem or
chanber 110.can b pted to stoichionetrically conbust the incom ng

m xture 8 %Iﬁg'nsﬁm%gﬁe 112 and conpressed oxidant in line 114. In order to
moder at §o@ t AR AHAI Rs@beki N8 nfore A1 VRIRITRAE LEMBRMBH ThhRPert A 0T@R also
expander 106 inlet tenperature and conponent cooling requirenents, a

por t i on rofeitehecanprassst regaslederciamdd4f mold ngeancahpuse ggeptimatly dlawingt¢G@aand1 44

can injected into the.conbusti on cha r 11 s a.di]uen Thys, .
enbo%ie rré‘h'!f%gGBf COPPONGtE | u?oén%%e‘é&céfﬁgoﬁﬁa?l Z‘F‘F Sh&E edegﬁ?fi é%bﬁ? BYgen
from t heofphabst 10as anlli h@apsddtbt ABROUBEiMtakd)Cthe astoBidnidri&EBr CoBR@stidliyon.
As such, the gaseous exhaust in line 122 can 30 have | ess than about

3. Ovol %seisiyemnstrigreombystiqmeahthgromprassed, exwhghiigie, 11k andefigl imbne dbduand
0. 1vol % 0XYid&RasOhe RUS cdr 8ty A dRNn 3RO haﬁstooajs."oz%" Qﬁ%?ﬁegas ihqg%Sﬂ&Ehc%n be
speci fi cs of “exenpl ar operaf|on of 't he system 0™ W now b€ di scussed.
As can kenaprdesiagroduct sifecmbugidnesfike dldlriesinand?2 pneé sisuc@spragsbi @xkidnoin
experienced in the various conponents of any of the enbodi nents di scl osed

herefth cER HHarfyénBSERGF M) (B8R COMNSSRS1EFP03c8oPTTHdS 201 FITYs g sahbny
ot her fagtorg o {Ha&nRHES thY eQéanﬁQrelm'IqaameaHScﬁfé &%dhﬁ&éﬁﬂ@%& 'iﬂiﬂ%lmfﬁscaggd/ or

nodel s of expanders, conpressors, coolers, etc. According
appr eci atquindrdy natueal pas.ttheabpgentastangeserhiabe gaber bna 116 irfebrding Velstoetic ve

pur poses onl nd shoyl d not, be construed as the ly interpretati
Pher eof Poripret dnpdtreents e piven comseaossts (1B andnbl Bomrgusomas a
In some embodiments, a small portion of unburned fuel or other compounds may also be
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5 stoichionetric conpressor that provides conpressed oxidant in line 114 at
pressures rangi ng between about 280 psia and about 300 psia. Also

cont enpl avecoteaoaisn, however, i s aeroderivative gas turlpCmast@aciossbogy,

whi ch can produce and consune pressures of up to about 750 psia and nore.

[ 0039] The mai n conpressor 104 can be configured to recycle and conpress
recycl ecprd@ntemh‘ams@(hgm gamtio h'lnhd160dqertesmmusémycqmlibﬁmmahnﬁatibnat s the
pressure Honlnallﬁr ve or thehc nmbust i on %ﬁgnber 110 Qress re, and use
a porti GHYPt Bl Msclth SR ’QEPé’tg g expangdergl 46,75 gengrafes i 2p\Vginto
chanber 410 th&%ﬁﬁ%%ﬁlp@é’é@&”ﬂﬁt of el@b%‘é@l’gen&%?oq% dtﬁbrtfbf&llﬁ&”@&tﬁélb&?ro‘aﬁ@émer
110 can depend on the purity of the oxidant used for stoichionetric

conmbust igepeoys etlireelstnmdme 132 @xmgr&i@rlglmﬁtd @O ¢angenp resulmgrfowo dpl edused ther

oxygen sensors qg(g é% ﬁ@.dlsposed associated with the

conbust i ‘GHPEHA f&?ycé%%ﬁ pst %S:\Hb er. For exanple, thermocouples and/ or
OXygen eggr s beerllanesrd QUchnoPull sho Gheibdiear SURKST LRTERAIRRN 110
on the ﬁn?ﬁ? toﬁﬁﬁg eip%ﬁg gnd [or on t e %ut %t of th% efpandern'OG

| n oper dEGRN, systhia IMerImmmm mereaﬂdbcsiemmmis,sthcd&GIbeyactariﬂéobanonded@a mcate t he
conposi tions and/or t enper S % one qr re s ans for use

et b m AP EEnBCyS asuEbE ClGl T a8 e R ire o AT o, 055 sk etne
product su@incCOEURL 4tqBast 8né BALO&GIENE, 8Fe BXABMAESN bMRIHR SGPRI6ANA Be stcam
Additionally or alternatively, the thernncouples and sensors may be adapted
to dEt ergab nébtnhéZ&m he chyragRiiztdras atddossd Rankeetczelci e eombimadonpitbtthoges
chanber 1 r.es e t. re U|r nen det ect ed

t her m)cou%) neess3<";15n(§ﬁt1he (t)l}?ygen eléglasntadtehte g F1 %) Pﬁoéneo@%ecﬁnseons aﬁy %

vol unet rcombiregscybleqywet cevmmimgsied, sehue haaglaza dak cmeeaéy&éeN@E@)@rlant
conpressed oxidant in line 114 can be manipul ated or controlled to match

t he derrél}m gavoruis etk iy hige hkseant poyent & Be %%GH@%@M%W @ENQTHE GLRgA Biny

sui t abl t n

w th-thame Sy At epld LR R WILENSTn B LApEKIEDT LYo FRITHAL E L
enboth méwrtsentao pices st gasdnﬂpnantzsab(gaherm atiditjpaalacl @amicah poB€r. exper i enced
across the conbustion chanber 110 during stoichionetric conbustion.

Conbust i[8931df ¢ Hec pemed pxhapptrgas 111121119&&2 ciebe anh fe sy vty dhmparaiuy anvkor1 14
can CnSdhfer SHPPT ALUIESIBE! UERN (FORU (AG0DobAIGAH! MO iAlhased
pressures rahgi ng 50 psrato Fl of Q‘ Because of the 1 ncreased

mass fl Qmp&lﬁﬂ:nfﬂtlghgl’cdﬁhﬁgl i feddr B&FS&QI &Qtnlﬁéssbh;e afgCRhawiC Ané xdeatriied gims

derived fromthe coqgressed recycle stream 144, a higher pressure - 10- WO

2012/ 003GB0RCPrdgsD 61 Fe@@@%tquaﬁwa ehawhid %hb%%@?r%%s“é bere adaptaddter

106 h nder
0 2 O TR Bl B L ol Bl R B Ml R R P B0

c an hav @oale[:i reahaw;t gasatntenngdarmantvoamptessom a dtighoe agtletopresserdondy ire bfaitdde

gaseous exh in line 122 can have a 5 pressure of about 15.2 psia. The

t enper atfiR! In?ﬂéoﬁﬁgﬁﬁﬁs exhaust in line 122 can range from about 1180 F

t o about 0 F h n

| Tne 1300680 o bl Ragk ARk MRBbLR BTG e 18y AEA NG, oERT |

| i ne 132t tast hreve@oling anjpdBatcutifguradigi rgutd hintabperhtudOof ﬂﬁetc@ol&b@lxlhau%ﬂ@aslz I n

one or nore enbodi ments, the coolln unit 134 can reduce the_ tenperature of
t he 2bolBdnglA23ad sgragate 3 opglad .rﬁ%YCi%aaSt%réﬁ@bv gdRONS1OF FRPTE KD e@ae@&f thecycl e

gas str %mﬂéﬁhlh?%t 0B 4 GPRELAA: BohlBL WEAR Palep qtm&%aﬁcaq@ﬁég&u%n uffpgndi ng
primarily on wet bu tenperatures in specific ’locations and during
speC|f|&om@amﬂnssﬂkﬂﬁﬁZﬂmcamoHn@gnmd3émen@hodn%@n@mhmunuﬁmmsyeameﬂhmn@ﬂ

conpressor 142 ca be conflqgred to zxng %Qe ptess of t he coolqg

ecycl o CGRACTSEH BAlFF Pi0T Pt omRL e &ny ok 1550 98 PN B

about 2%opgd ao theddiREANELd YiOlindl1uer fdapioVRicYa W& bRRs Tdrower diRrdbont bre
cool ed recycl e gas stream may be increased through ot her nmeans, such as
cool 3thg.adddiogalrsésm n, lnteﬁéﬂrré‘il nne: glrrlpip@sembodlmmts dberemded @nﬁcle éﬁqoﬁf@g@eléﬂa
recycl ed exhaus NGl eas mass, Io t her eby
v ng?f oF ARbisHEE allobth Ry SRe AR T s SRRy BIERR T FEbmintng

t he sameh®todtdrttiaisiELSe Uine 182tih ehe &d@)h@g uh@aASU ARecRITBaBd PBWNEr redirdd®
tenperature of the conpressed recycle stream 144 dlscharged fromthe main
conpr es $8MPIBA thexgeolsd ragysin gagotyeqmn 14 imthg bpp sempeesystr 142ound 280 psi a.

0043] T |1 bl test | t f
cst mat 10T bas b Bop EuboRiBt a5 EFw %eigdn?%mﬁﬁégm?%%? CaRPS Bl chd
added benefit of a boost conpressor 147 - as described herein. TABLE 1

Triple -Cycle Performance Conpari son Power (MN Recirc. Cycle w o Boost
Conpr essor



Recirc. Cycle w Boost Conpressor Gas Turbi ne Expander Power 1055 1150 Main
Conpressor 538 542 Fan or Boost Conpressor 13 27 Inlet Conpressor 283 315
Tot al ConwoeseisosPower 835 883 Net Gas Tur bi ne Power 2P6TAB201$08%30 Tur bi ne
Net Power 395 407 WD 2012/003080PCT/US2011/ 039830 St andard Machi nery Net
Power 611 668 Aux. Losses

recycle gas stream 140 before it is introduced into the main compressor 104. As opposed to a

conventional fan or blower system, the boost compressor 142 increases the overall density of
the cooled recycle gas stream 140, thereby directing an increased mass flow rate for the same
volumetric flow to the main compressor 104. Because the main compressor 104 is typically
5 volume-flow limited, directing more mass flow through the main compressor 104 can result
in a higher discharge pressure from the main compressor 104, thereby translating into a
higher pressure ratio across the expander 106. A higher pressure ratio generated across the
expander 106 can allow for higher inlet temperatures and, therefore, an increase in expander
106 power and efficiency. This can prove advantageous since the CO,-rich exhaust gas in

10 line 116 generally maintains a higher specific heat capacity.
[0034] The main compressor 104 can be configured to compress the cooled recycle gas
stream 140 received from the boost compressor 142 to a pressure nominally above the
combustion chamber 110 pressure, thereby generating the compressed recycle stream 144. In
at least one embodiment, a purge stream 146 can be tapped from the compressed recycle
15 stream 144 and subsequently treated in a CO, separator 148 to capture CO; at an elevated
pressure via line 150. The separated CO, in line 150 can be used for sales, used in another
process requiring carbon dioxide, and/or compressed and injected into a terrestrial reservoir

for enhanced oil recovery (EOR), sequestration, or another purpose.

[0035] A residual stream 151, essentially depleted of CO, and consisting primarily of
20 nitrogen, can be derived from the CO, separator 148. In one or more embodiments, the
residual stream 151 can be expanded in a gas expander 152, such as a power-producing
nitrogen expander, fluidly coupled to the CO, separator 148. As depicted in FIGs. 1-3, the
gas expander 152 can be optionally coupled to the inlet compressor 118 through a common
shaft 154 or other mechanical, electrical, or other power coupling, thereby allowing a portion
25 of the power generated by the gas expander 152 to drive the inlet compressor 118. After
expansion in the gas expander 152, an exhaust gas in line 156, consisting primarily of
nitrogen, can be vented to the atmosphere or implemented into other downstream applications
known in the art. For example, the expanded nitrogen stream can be used in an evaporative
cooling process configured to further reduce the temperature of the exhaust gas as generally
30 described in the concurrently filed U.S. Patent Application entitled "Stoichiometric
Combustion with Exhaust Gas Recirculation and Direct Contact Cooler," the contents of
which are hereby incorporated by reference to the extent not inconsistent with the present
disclosure. In at least one embodiment, the combination of the gas expander 152, inlet

compressor 118, and CO; separator can be characterized as an open Brayton cycle, or the
-8-



13 15 Nitrogen Expander Power 156 181 Conbi ned Cycl e Power 598 653
Efficiency Fuel Rate (nBTU hr) 5947 6322 Heat Rate (BTU kW) 9949 9680
Conbi ned vopche/Mm@bdso (% hv) 34.3 35.2 CO2 Purge PressureP(p4aisa)112333808

[ 0044] As shoul d be apparent from Table 1, enbodi nents including a boost
conpressor 142 can result in an increase in expander 106 power (i.e., "Gas

Tur bi ne thxgppovearprédwerg’ Jonthwactiomfithesyistoor #dlse i n pressure rati os.

Al t hough

t he power demand for the main conpressor 5 104 can increase, its increase
i s nore [P0 of Insethehymbpdinionts dawevern theogwsr cxangit 13 cambe asgshiriarovidss,

t her eby
| mprove
additio
recircu
expaﬁhe

10

15

20

25

30

T I
Fonfextmplehalost manpe es suistahd2l orisncodi bagveen théigoexchaesdragdsby the
lre?(tg%tgigéiézs %E@hceargql?ﬂresn(l)enltsnocfr t%gscgmi)peessoeolvi%.r Ig %Elgﬁjgas(e)g, tfleh gxpre]llngierrol%%n
could be adapted to drive a smaller compressor (not shown) that demands less power.
Additionally or alternatively, the expander 152 could be adapted to drive other equipment as
appropriate. In yet other embodiments, as depicted in FIG. 8, the gas expander 152 can be
replaced with a downstream compressor 188 configured to compress the residual stream 151
and generate a compressed exhaust gas in line 190. In one or more embodiments, the
compressed exhaust gas in line 190 can be suitable for injection into a reservoir for pressure
maintenance applications. In applications where methane gas is typically reinjected into
hydrocarbon wells to maintain well pressures, compressing the residual stream 151 may
prove advantageous. For example, the pressurized nitrogen gas in line 190 can instead be
injected into the hydrocarbon wells and any residual methane gas can be sold or otherwise
used as a fuel in related applications, such as providing fuel in line 112.

[0037] The EGR system 124 as described herein, especially with the addition of the boost
compressor 142, can be implemented to achieve a higher concentration of CO; in the exhaust
gas of the power generation system 100, thereby allowing for more effective CO, separation
for subsequent sequestration, pressure maintenance, or EOR applications. For instance,
embodiments disclosed herein can effectively increase the concentration of CO, in the
exhaust gas stream to about 10vol% or higher. To accomplish this, the combustion chamber
110 can be adapted to stoichiometrically combust the incoming mixture of fuel in line 112
and compressed oxidant in line 114. In order to moderate the temperature of the
stoichiometric combustion to meet expander 106 inlet temperature and component cooling
requirements, a portion of the exhaust gas derived from the compressed recycle stream 144
can be injected into the combustion chamber 110 as a diluent. Thus, embodiments of the
disclosure can essentially ecliminate any excess oxygen from the exhaust gas while
simultaneously increasing its CO, composition. As such, the gaseous exhaust in line 122 can
have less than about 3.0vol% oxygen, or less than about 1.0vol% oxygen, or less than about

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

[0038] The specifics of exemplary operation of the system 100 will now be discussed.
As can be appreciated, specific temperatures and pressures achieved or experienced in the

various components of any of the embodiments disclosed herein can change depending on,
-9-



10 CO2 purge pressure in the purge stream 146 line. An increase in purge
pressure of the purge stream 146 can |lead to inproved solvent treating

per f or marmo 2012/aBE0 CO2 separ at or 148 due to the higher @CE/ysaniilioads3o
pressure. Such inprovenents can include, but are not limted to, a
reduction in overall capital expenditures in the formof reduced equi pnent
si ze f orantdng cslodrfectorsethierpacity ofthproxadss uscti5and(b4 Spdeeiemakesgand@n nalels @& 2,
depicted is an alternative enbodi nent of the power generation system 100 of
FG 1 CoRBNe QOHRLES Cop S Cifs. SGevEHEN08. VNeos HRCC H oS A et
under st Qagh Wisébddeelie R Hshie PurpsdedbhBraniQhdhE ndY6d &Rs0Q &f thEby 1.
the system 200 of FIG 2 includes a gas tufbine system 102 coupled to or

ot her wi deterugipen ggrdey. dn aexdmhedimeustheanler compicsson 11BGRN beyoonagure@4s aThe
EGR syst m,124 JP Fl G ZYtEquvqr 20 can inchﬁdg.qﬂlgﬁgggigeng,mQFre t he
boost cc?ﬁ%?%%%%? CLRPFSPITIRA" TP VISES CHPRISH R SEBRTH el R QLB UE® thet e
HRSG 12GctwienSulsdue 180€ pGi@odrid a1 a3 Gk pgias 1A1sd icBBtempPat€RMeRen, CRERERSSRA 1N
t he boost conpressor 142 before being reduced in tenperature in the cooling
uni t 134cropRiigativergas dedinontgchnplegyl avhiehn pars progace andy ponspmsrrewIes ddipioed t o
remove t t_ of ession generated by the boost conpressor 142. As
wth pré@ﬁgﬂ§® 5 ﬁ?@&%@éd 25 enbodi nents, the water dropout stream 138 may

or may o@m?e r PHE @it QoiPRs{IRIG412H E@c&ff%‘ﬁf@t ® f’é‘é?&léhﬁﬂ@onﬁ@é@%éﬂlédi ne
130. 2012/ 003080PCT/ US2011/ 039830 [0047] The cool ed necrcle gas ‘stream
140 thn cxhaust bes wite Betamnressechecciele ntreamnpgrid 96 o prassureviiostinallyt aljoyefoy et Hir

conpressed, as, Al SCUSSEfh Anove. fhereby, denaratl na Lne e%@arﬁ@{ e3384 di u(e:l%(td €
stream TA4°URIOTGRMRE ap sciar &d, "&00 ing tﬁe coored® &xhals gas IrnTine
132 in tiheh€@ombagionntHamb34 120! eBeasP a0 vfi diluehe ndies tin abeRobeDERon1 42
can reduce the anmount of 5 pomer_reguired to conpress the cool ed recycle

gas st r eaambarol ¥ocag deperrbeathe ety of isseividant psechior stiehdemetiig cagibystion or
. I . i . . .
poner - gancyrlft of ApRCE 1 e B AR R TR A3 R Nenlrs (07 shVhFES! O

FI G183 reydibssbe atsouiater withatle wombusteheclander taod/bt @se cdpaadet. 2FoiSexanh@e, t o
the systens 100, 200, described in FIGs, 1 and 2, 10 respectively, the

syst em 3BUMORRYIR AL QXY ESH BNAYS SPRY &fn %wsgﬁﬁao £ Rty obrtho chmbr
coupl ed §,0ma8t HIRoANEL Rtk 4he LNRNEF 08YluRIN chdfe blt& (P-thSexMOUEVRJe, AN
include a first cooling unit 134 and a second cooling unit 136, having the
boost ceppragssothelthgrnidoguplley and ugshssds tcherbebatapednto dgemmiind the evinpoastions
enbodinené;fteach coolkng unit 1 4a 136 can & a.direﬁt cont act Eqﬁter
trim codPOr IERPFHECTH ok Ac QISMREERHTAMR TeTHISC p feteraining ey ol Al cxpathgss
enbogl) mepdredt e daeslted exdlamst proascts Bl dddgbukBen db sttbakg@ebd’ eQmntibe itthRSG
126 can be sent to the first cooling unit 134 to produce a condensed water
dr opout tempesatyret 38ddfenalycudilistatieelycthe thpamoesqupiesrand sonsoThimay be kéadtedkioycl e
gas stre 140 n_be difecte th onpr.essor 142 | rdegr t

boost t NALpTLeGR am8fn{HETAEH b B dlGPE R0 FETPAERIh oM tndsllr s B 1
to the segonst eehd hgntubilirchdmts Thects@ agntheCchoma@upRs tand e 2xygan lsetsve as
an aftercool er adapted to renove the heat of conpression generated by the
boost coiiseEddyrthe ozyganynsars.dhe apwmetrigiarsy Bemiof compessldchel e gas/ingding

wat dr t : - Or ' r ut

Str oo 133 g3 oA i LY LOPES FOnPRITRRGer SRR AR

addi t i onlzlmasd.e@he volumictre HEB.flgwOES|nThebcanketed theyghengasitatle Bamcbdfolcan

t hen be introduEeg into the naiaVZS congressor H94 to generate }he

conpr esSEYCPECYRICE B BAH T4 RGPS C I8y w1 th theathcFRECouBies 38 0H X ¥klnber
110 presspiogs As can be appreciated, cooling the cool ed exhaust gas in line
132 in the first cooling unit 134 can reduce the anmobunt of power required

t o conpr{ee4|t helrc @0l leght r @y embodiaskngt # e@o3shiAO drdp tofiealoost2- tH Rl ss0rbeld2.
Mor eover, further cooling exhaust in the second,coolin%runit 136 can reduce

t he Hho FPCHNCHOWETOPe i re@@ DBl ipeBsT 3110 HRIEE o PO NHRRSHES eCQJBRISEPReam
140 to %%ﬁ%g&@romt&e@u RSRY A2 dhd B &4 R dIR T H@H'i@sc%{?r%eﬁ&%te

[ 0051] The conbi nati on of stoichionetric ¢ ustion I n the conbustion
chanber tdperamdswietvesenraboo 2100t Hr awdgibotth# 0051 andgpressintes rdngdg £&6,258ldsmws

the CO2 coptent in.the exhau as (e.qg., streans 122 132, 140, and/o
14) 1 0 LU0 0Btk O 4 dros e oo R WRRST spATC W Capetty of
2012/ 003Q8BBCH S0 QROBIR clt Frdh HRoniiaReE RIS LirERs 34, SThigRAVARLRNal
conbi ned-cycl e systens. These effects, plus the inpact of higher nmass flow
rates resulting fromthe inplenentati ot0and effect of the boost conpressor
142 and/or cooling units, nake the CO2 partial pressure nmuch hi gher than
conventional gas turbine exhaust. Consequently, this allows for carbon
capture in the CO2 5 separator 148 using | ess energy-intensive solvents,
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i ncreased CO2 content, since these gases can cause am ne degradation.

Pot assi um car bonate, 10 however, is non-reactive and i nmune to any effects
of oxygerwOAbtdosaggh t he reacti on undertaken in the conbestiuseoiaiaesder 110
is intended to be stoichionetric, a fraction of oxygen may nonet hel ess be
present in the purge stream 146 due to conbustion equilibriumlimtations.
Wi | e t hreticisan lof advieAed atroenths ckpantdhir $06 phiretyadtl losnngviu haghree quetrtempergtuirdsi cant
sol vent cl amat i on agd % npl i cated di sposal, the use of potassium

car bonat®Bd LreasHe sxPpgde i0PIREES oxygen- based sol vent degradati on.

[ 0053] P iu t [ i
convertﬂggﬁ@hegzﬁggﬁggﬁﬁggg?%h%?%é#%?géﬁﬁgﬁgfgé%££ghgh%g§wg§?gg%%ﬁ%?ﬁ%ﬁfite
(K2S03) namdambicas silnmtricdst ahe onkdBhent) thepgastosubdrapstSaRlindSOB2 camchaO2 al |
formfairly strong acids in ter, much stronger than CQ2.. Thus, they w ||
be pref drenpicA] %boafbﬁ%g pett- | T KETPEBIvE F taopRersnexBuY T0JinF 128 BB dBHEE heat
stabl e a i t ved i er
nand, N RE0 hava. (b S TE T SR REERTEHICT 128 & R an
NO2, andtaaeno line Bifcand atodledvexhaostrgaeni liat i18As ThAsogledpkkalsegas inilmer32 t he

t [ | fit d pot [ i trat o i i,sch d
G onah ity Rafrel® e oA RR ST SRRl edFe B ARt szt Rsucn

as Ccorr QiAirhd, Rhd 8dctingait VBt QhSred@lcCthe t@hferMdeest the cbbrdRhMBNLasSHst em
25 Wien the sulfate and nitrate conpounds are renoved, potassium hydroxide
( KOHO cdmedd2dluately gancratinReheoatek egpele Spnstecapol dkkivimg hjamnexdtdes tosween
fairly ine ive 1 cal .his.can, be ac l.i shed. rat.her egonom.cally.
[ 005a] rePEIFERG ¥t BB Rbenditte Pufily G RECBTR RS St S See RS RAGR
separ at i.a8 dapsd specHihehdvat. can enpl oy potassi um carbonate sol vent

technol ogy as descri bed herein. 30 The CO2 separation system 400 can be or
form at [0e4Xdt aApartingntooont e @OK seadimats, 1148, bamst gemprcasdryl4lesen itsed
herein with referenc o FIGs, 1-3. | ne or nore e jments, the system
200" can BhNebRd K EPEHe I rasiiad Prabqled GO clbno it LRRS R Spgn e
conpresRin ke al g id Labbdid (st Bdditiomdllyasr afetn@fiP@y ahé iR sPflorradd 200 F
and a pressures of around 270 psia to about 280 psia. WO '

2012/ 00308BPCTEIIR28as1 $lORIBBRY[ BOBSIcTRR Hueupd atheremramsd suctke ahtelimigngAs a
primri l ity oger d L i n ooled.in a
hear oxchulchd 360 oo QLR RERT o AT RhbRR I iR Boninf Rt %00
F, ther ¢liyhegdosyitatand gnd@ecsod hrds Pow geby alowing fbi oeub@htiallynhigheedibadigent
t he heat exchanger 402 can generate steamto be integrated with the steam
st r eam PIGFSEEOHIHNBamipiag ho grpprsgimilar pressyrg ratit {That lees one SHDOHENGHGr ge

tarég

Str 146.d euﬁ% %@%hé@cﬂﬁé}r@gsiegl? cé,)é&ts‘?ﬂ%‘aﬁ’iolgmﬁlﬁ&% 8ot el h 28 &Badpr&Bor

residual stream 151 at or near the el evate pressure of the purge stream
146 and 184 can benppert R0UFE voith apmuturd 60arbund P8(apsid.east one enbodi nent, the
heat exchanger 402 can be a cross-exchange heat exchanger fluidly coupled

to the riB&Yual The fadlamingrblemovidat iegfineagsilty aad pegermange cxpations dagpd on
associ at i al.i : I e - e
rosi dual O Hie SR Aolas it B SRR e A0k LU et 1t

pri mari lay dedcribedhéreimgen vapor having a tenperature of about 750 F and a
pressure of around 270-280 psia, can be subsequently expanded to generate
mechdni cal power, as generally descriA®HEdbove. [0056] The cool ed purge
streamin line 5 where a
solvent fromli bl s

si mul t aneously bssing. In
one enbodi nent, Dot assi um
carbonat e. Wen ne potassi um
car bonate sol ve [ he cool ing
of the purge st er

t enperat ure pur 50r ber col um
406 wi t hout rai: t he degree

104—cahr—be—diect-ed—t-o—anr—abserber—coluhr—406—1
e 408 i s EripleuCackederfovthaniee Gosapagisah stream 1
li scharged overhead for| fRédiReCydOWNREGIRATY§E RC
t he solpesrt (M®)a wat er r bagedBdwad t 5ol utBegst of
conpared to conpeting Soloémipk&sorsuh Camphséor t
1Gad Surblitt ERpdn@eTPBGaL ur e tol epant . As a r@syl t,

M A6 —canbenmninized; as reedert; d.llgll ahig
a 1

a‘b‘hd%l?ﬂrisﬁ% 146 can hel allowed to enter e_ab
n condérns. |Accordi/ngly,

)
P

S IF pryortBeestriepimpeRsspr adat i o

of cooling of t

NenlRWogresicr eam 146 can

be nogh fi ed

to mafch pr

bcess heat

requi renents, rji
COX2 is absorbed
25 reacts with

(HC33-). The aci

n g cogtj toa
SO Comitession Powel?

1m carhno
P aSSHHR-GafF b

oi d Q@rnai

ate 1M t he
late |+t ne

degrggation

[ 0057] As
irm 406, it

eepastTyrieg PAwear boni ¢

hei d 2pcos) |

o oI Ct

and2¢then b

car bonat e

dicam Tartineafet P@ercar bon

c acBgp (F1+

can4@7eact

M th the

carbonate ion (
over al |
result,

-2) to forman addit

onal bicarb

onate ion. 1

hus, the

reaction can be as follows: COPl+ H20 + K2COB <-* 2KHCO3 [0058] As a
a rich, bicarbonate solvent can be discharged fromthe bottom of

t he 30 absorber columm 406 via line 410 and directed to a regeneration
colum 412. In one enbodinent, a first or internediate valve 414 di sposed
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[0059] I n at | east one enbodi nent,
at tenperatures exceedi ng the nornal

t he regeneration colum 412 can operate

boiling point of water. For exanpl e,

t he regerwoanizmn3ol unm 412 can operate at a tenperat ur @Cramsge 1/08930 about
about 290 F, or about

220 F, about 230 F, or about 240 F to

about O psig t agg%%ﬁgﬁ%gggﬁﬁnﬁﬂwgt |

about 280 F,
50 ate 3

east ane enh
east—ohe ey

1t preggures

odi nen th
ocHehnt el

I
col um 412 can |pAwcbpPfgured t o oper at

e at B press

ure of5 about

regenerati on col NiogehlEXpsaiar eveeonf i gu

red tidouse 9

teamgir cul g

to boil the bicaéiﬁ&ﬂvEg§§{¥&H& and re

absorber colu v—i-el-di-ng

ver ses9gne r
t

Fal

actiqg3unaer
fa | AN

[aVat M

Lol rooon yra
L=y T bybllbl AT

Fal
LAY %10

A e Sy —yrorarTy el potY
carbonate sol velnt sui t a6t recirculation via lline 10 416

| east one enbod| frehRate amBTWhHH)i ne punp (418, 547 t he |l i kep32an dr
a portion of thegl.efRRke I@§§m¥n1carborate sefovent [via bpfie 42
absorber colu 406— 10060 +outeto tkz absotber %"Iunn

of the |ean potfa wpbined CYARRATENY) vart cadifle rerdnued 382 a he
salt (HSS) via | ¢OeLURRPreshgetimsdri bed [abovelB0i | | ugtrat 38 HSSS
via line 423 can 1 nclude conmpound fertilizers such as, but not

to, potassiumsulfite and/or

potassiumnitrate.

rangi ng from
regeneration
3 psig. The
ting therein
taken in the
ssium
elow. In at
ive at | east
back to the
06, a portion
at stable
extracted
15 limted

In order to nmake up for the

| oss of [@alps S| ANHEAIPBN afRr&e MR Table MO éeBodintentd MEluAMS. a Botdt E@mpRbdok ai n

overal |l solution strength, a stream of
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subsequd#i Fgn egdlédn ¢ angrpgse g zgpandar de pevehtice "&1b ddichiaa Expandse Poperssi um

hydr oxi
inline
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422. 520104 comén@EasoPiL ireidaQé idreivirs thanheffict 1St the dadreasg iwnpdwet Bhtgarofde for

exanpl e,

an air cool er or radiator-type heat exchanger,

configured to

reduce PHENEENBS.athsrebyoresuliigs ot vidnovepfl theanodsnamiq jnesformeyeei AGICfACY 422

can be goOLLGHLRYS EfBuh&(i%ﬁv.t(f&‘%zeE

solvent to tenperatures ranging

GORES &liHLe of the | ean potassium carbonate
et ween about 230 F and about 60 F. As can

be appr ppu4s| ed, MbReoddr, HRagitnefendbsistesthplchr HEBsr 6841ingl ih ehidathavél gas be

renoved as fertilizers 25 subsequent to the first cooling unit 422,

as wel |

as the BGHrelpden HistoypeasybincHpsh Bripgever pepsgf the sitepgen espapdael B @d the

heat Uof CPaduErfiobfh hfe pRAERALALLIR)

1iG0!
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SR RLELA 0.
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reboiler 41

pot assi ifihe
pot assi
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t he HRS&thRE01 ptaGsss. 1- 3) .

can _be configured to incr
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t he reboi
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ilég%‘ﬁ% nag1al FssyrR. SuflsmRrevements gy g
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erature of the | ean
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er 419 can be
| n ot her enbodi nents,

however,

upp
the r

l1ed wt

heat from
eboiler 419

can be supplied with heat fromthe discharge of the steam gas turbine 128

(FI d3. h0049] [ ddormeenanateItngl deriated is tRealistagac cmhodimateofctha nodislense
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absor be

e

U B8 W P 5 -9ONE GRBARATCTLGROMY 22508,
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Q}ne 4E§f In at
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i 74, CPRL BGROGystatil 84 H FIYPE HoGRber
before being introducéd into a condenser 428. The condenser 428

| east one

PeisC pHrstighbx

can 20e canfnchucea ¢robakpeantayvkert Hee besst duamiprassarel42f foblowary magc othervase 82 and

di t th d L | i
ace” i QU E0RRE! kR0 A28
[ ne. 15Gmprede8 o ikesboab

enbodi nent, the separated

e

30, bel ow whi
SuCtE i Soplie ke 25 75
6ol 182 heforNBEng Pedukédin mpdratlrd iRthd ®%hg One
in line 150 can be subsequently co
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ver ed
& sane

rec
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f

ressed 10

f or apphiit434.ohkuss therroakngoapt E¥eraservatas on aftershelet adhpesid|to tf@f@@‘(ﬁeth;?e@@f

sal es,

- d/
amboa! nearDeR T Birfied RY B GG

| 0s: Y8 9k

ar at ed

I ne

St evle,igl? %%%Ji@us%ﬁid&selosed

can be

r eci2sc ubabedimagkthcntfert irvops @ Geenh AB8aNayC of thay ndfl Be Yauded tonhc 4BRISGIR6do a
) ] in the systemto be maintained
const angenopge addifignad stsamdpding 13kt r oduced 15 into the sol vent via stream

punp 432 to allow the bal ance of water

404, and subsequently renoved via |ines 436, 150, and 151. In
mai ntai n sol vent conditions and strength, the water nust renm
within the system 400. Accordingly, the water

order to
n i n bal ance

recirculated in line 434 can

allow water to be returned so that steamraised in |line 421 can be

controll ed i ndependently of this water

bal ance.

I n other words,

this

recircul ated water can be used as feedwater for the generation 20 of steam
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bal ance of the solvent solution remaining in the regeneration colum 412
can be fully regenerated, as described above, and discharged via |line 416

t her ebel owo 2p 2063480 punp 504 di sposed within |ine 502 canTdiSe@ain3dshe
sem -l ean sol vent solution to the absorber columm 406. In one enbodi nent,
the sem -1 ean solvent solution can be fed low 5 506 into the absorber

col umm 40847]Bei e omdlyd panyticadak ytreegdd@reah éikn bddirseed td tharmaolceeptressor | i ne

502 is t able.to absorb CO2 fromthe | r concentratiaon ses higher in
the absdIBerS it UABR. coPmEessc, > (shsd BEOT M Ftb et ee W aBF SBMPES G
406 whergeycle GRAMAIYHON A, EEoBRpHEBHTATBIMg B cE6Rd cRRGsDSs ifilinBli82 e ul |y
| ean sol vént entering the absorber columm 406 via |line 408. 10 [0066] This

vari at i geoling vhi¢ 184 sfterrcaopressaon irethei bapsacdrnpyisesor ddR eentredice g amoonf of

fl owate than thg ﬁ&’gtemesd's% og ché, %C ?AIT’B butt gan H)err%ndr Iqss .eX errenale{neat
energy £8™BRIEVECT LSRRI SR FOYHT 5V A BaY AP h TSI RFFTuRel PIoyiEs By st em
500 can thegicéRinemsin'ebpirdsssr Y9 heat duty than is contained in the purge
stream 146. In other words, the heat of the incom ng purge stream 146 may
be abl e [0 uppFlG.al depidie anaboi dngrodiiénthddlte loagemisene power Gorsamueystey, i f
the 15 resi stream 151 is inj ed, for  E he syst.em 500 can, be
ther mal 190 FICLCH (FRREAE sy B aDPe o SHilkd i SHEAY CFron] ERET o b
tur bi ne HRRE:d 26 FIGOOP Ghdref esihing Ak tRtdth$S106, 200eRiscHiB& inSFRAOUNAId 2,

exenpl ary enbodi nent of a CO2 separation system 600, simlar in sone

r espltt gespgctivedy, dhe seriemA99, inslodesod grs Qybing syptdms 102 superied wel of. othgrwasech,
the entire syste O wll the scr.ib in tail but nay. be he 20
under st So8P S B ETERR el 1 FRCeCR SHERE 48 G, D oaf b FRY ndfig@ &t

bi car borabkngs ahivall dr beodd $ebkg aait fl36mavie: Bt bevst ebmphesorbisiar thedly
colum 406 via line 410 and reduced in pressure using a first valve 602
before werplgd ithirehsiiesse Anpvithareepey ernbrdiponts. qash saelitentystildedsd cemder r st
valve SQfeLARRE: AR OH Eiboot BUYRE LBoRAGRIN A, OF Lhe bi carbonate

solvent fromt urge stream pressure Jet ween about 270 - 280

psi a)s t qog4y]i Nt Bf RdbrahEreRindodlithént? 2hé BYEEd eXHAuSNBs Ok 1IN S2 anbRdpseRbs, the
intermedi ate pressure |evel can range from about 20 psia to about 50 psia.

[ 0068] THic HESAr Bitorandescetin thefiess apeligrund 34 te deaduge a chrdanseiliwalgr giopgsetur e
solutio r t,le ortl f A f d. | 06. .l n one
or nor e@gg%gc} ?rgfergﬁgg C%to heéi rrgégr%e\a}%% %I@?%Plr@ I ijﬁl%lgzcbo(?!f%crgrgf lgg%o%%gﬁlell‘@ Cgancbc?ol i ng
uni t 608lircated t¢ tHese@ueddnhpredsot 14Nincorde30 WdovNhE HaRHIre o Eicadlcdnesycsd gim 607.
In one or nore enbodi nents, the cooling unit 608 can be a direct contact

cool er, StriTh1d8ont then dirsethatn Ehsi scrend $ogangnmn 3ni the seorbrnlingyngnk’o
thergpt 3h0GSe hilgn LRIBYAL: &%Pﬁeh%’ o the h%lt lof BEmBGsibre géﬁeraﬁ@d & fh\éa%]o%gt
pressure, albeit an internediate pressure between the pressure of the purge
st r eam Téthparssoratd2paphdsd emavt addinot@ conjastddatentia aamatendrepoediredrs 143.age

of the downstream coppr.essjion system 607, ther - 18- WD
D015 G0 BSOP ek ORGP OB SO Hs Sttt S 430y et By Aol BaBUsH ¢ he

conpr ess} g INSEAP660 fend-A0GiTibR1 RRLANA $inef36.he CO2 and bi carbonat e
solvent remaining in the separator 604 can be discharged fromthe separator
604 vi a [D030¢ 61Dhbeloolwdardyélt agdsediréam ald0ovar ,therede- inodusiah @it Cthpr @asur e
in stream 611 usjing a second val ve 612 before being directed into the 5

r egetrer &OMBFCSEY] Ukh(04991013th theeGRIpRIFSss Wcﬁ%ﬁfe@nbfg‘{ H@rfwllve%%@@,r at Bifpl et e
sol vent GEGERRIAHaRMDE 1D @J%%ré.%@ Rl BE éciﬁ‘tﬁc‘i,%'oﬁﬁ%éh%%%f‘ed%xh@us’t ghemence
to either system 400 or system 500 as depicted in FIGs. 4 or b5,

r espect ilinel W32 ikahe fins tcaoloe, uas 13k sor iddeck Hisomneoumt € pawart eduipal to amptssCO2
can be tragted fromthe co nser 428 via line 0 .at or neay, atngspheric
ot essur N HPIEH FEEEBERs OTSHTE AL Qi S BSPE a0 oS WoRRLEF S o
conpr es skRiust #Sthe Te@Rd -cobIPS @HHEY bab el tHOWRSLEAPOGRIRIGERSH R csysitem 607
can receive at least two feed streans substantially incl uoCIL| ng captured CQO2;
one jkedhscpelath mendnganisgbarpriedsior e @agetemingdpree9se tinghe i syc¢asflimet weini nt o
an i nternedi ate qﬂnpressi on stage, and a second feed stream having | ow
pressurecogf@ﬁesf% ]I I'he 150 and injected at the first conpression stage. As
can be gp@ps§ci atrRd coRHmRALEN oA IAMGHERRE GRBUSEIMEL tHNG RS LRarfiSreN@ for

CO2 conpression in preparation for EOR or sequestration at virtually no
i ncr easeni watggemevatthrouglo themwolin@ unitet 3 [136,cdidws the CO, content in the exhaust

gas (e.g., streams 122, 132, 140, and/or 144) to accumulate to about 10vol% or higher, which
-13 -



[ 0070] At | east one benefit derived fromthe system 600 is the a
produce a pure or nearly pure CO2 streamfromthe regeneration

bility to
col um 412.

The cont awDrrar¥@3@nesent in the CO2 streamin |ine 410 eam/useelosesinat er

and sonme volatile gases (e.g., N2, CO Ar, etc.) 20 dissolved i
circulating solvent. The system 600 can be adapted to renove es

nto the
sentially

all of tihbmbenvtbhmtilagstgasesin coawanitingaltchambiregeryeleatystoms c Theneref®t@, pluethread
stream 424 with.only hi urit nd ter, In one or re di nents,
AU R e T e AN o B R A St

total CQRufpk@ubr 141 hedRY o8 E0Rits, RGRe SRPTG! Bekibr Braskie Maden

of the CO2 in line 150 can be directed into a purge line 614 an

iéh@r Rt | on
25

capt ur edofipantioodl- EORubsEsexhgusth Gansedvenily dhisf adlodstfor karbew septpreoduibe i(Eh,

reciate enbo nts

. 100 b ot A preok L
e erbnotiOEES PEeERE ST S d W Thover dsgar L iig® FrShf{in R eCol

di scl osybRencetotigygl y, the follow ng table and suppl enental i

nf ormati on

provides illustrative process data for a conbinati on of enbodi nents and/ or
f eat ur ed0te cr i Bhepmbowe of Thezes dDye ADxstndN O amkegasuB®f sitmeasl vatetence

nuner al
2012/ 00
408 506

Pr essur
10

15

20

25

30

JoEaret boybinodos JoiFAere 5T RS uif arebites iches plSorRYer
iflkBastd L FH3Ibntent, sincd SHHRE LRIt cause ddbho?dBradhtic OPStadiifin 3arbbrate,
eho;veeesrl, ails non-reactive and immune to any effects of oxygen. Although the reaction
undertaken in the combustion chamber 110 is intended to be stoichiometric, a fraction of
oxygen may nonetheless be present in the purge stream 146 due to combustion equilibrium
limitations. While the use of MEA solvents in this application would require significant

solvent reclamation and complicated disposal, the use of potassium carbonate solvents

eliminates oxygen-based solvent degradation.

[0053] Potassium carbonate easily absorbs SOx or NOx in the exhaust gas, converting
these compounds to simple fertilizers, such as potassium sulfite (K,SO3) and potassium
nitrate (KNO3). In particular, SO,, SOs, and NO; all form fairly strong acids in water, much
stronger than CO,. Thus, they will be preferentially absorbed in the solvent solution, but will
become heat stable salts (HSS) and will not be removed by regeneration. On the other hand,
NO and N,O have low solubility and are more difficult to absorb than NO,, and tend to occur
at lower concentrations. As simple fertilizers, the potassium sulfite and potassium nitrate can
be casily discharged in an environmentally harmless manner, so long as no other toxic
compounds, such as corrosion inhibitors, activators, etc., are added to the solvent system.
When the sulfate and nitrate compounds are removed, potassium hydroxide (KOH) can be
added for solvent makeup. Since potassium hydroxide is a fairly inexpensive chemical, this
can be accomplished rather economically.

[0054] Referring to FIG. 4, depicted is an exemplary embodiment of a CO, separation
system 400 that can employ potassium carbonate solvent technology as described herein.
The CO; separation system 400 can be or form at least a portion of the CO, separator 148, as
generally described herein with reference to FIGs. 1-3. In one or more embodiments, the
system 400 can be configured to receive the purge stream 146 tapped from the compressed
recycle stream 144 (FIGs. 1-3) at a temperature of around 800 °F and a pressures of around

270 psia to about 280 psia.
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[0055] The purge stream 146, containing primarily nitrogen, CO,, and excess combustion
water, can be cooled in a heat exchanger 402 to a temperature ranging from about 250 °F to
about 300 °F, thereby generating a cooled purge stream in line 404. In an embodiment, the
heat exchanger 402 can generate steam to be integrated with the steam stream 130 from the

5 HRSG 126 (FIGs. 1-3). Extracting CO, from the purge stream 146 in the CO, separation
system 400 generates a nitrogen-rich residual stream 151 at or near the elevated pressure of

the purge stream 146 and at a temperature of about 150 °F. In at least one embodiment, the
heat exchanger 402 can be a cross-exchange heat exchanger fluidly coupled to the residual
stream 151 and configured to extract the heat energy associated with cooling the purge stream

10 146 in order to re-heat the residual stream 151. Once rcheated, the residual stream 151,
consisting primarily of a nitrogen vapor having a temperature of about 750 °F and a pressure

of around 270-280 psia, can be subsequently expanded to generate mechanical power, as

generally described above.

[0056] The cooled purge stream in line 404 can be directed to an absorber column 406
15 where a solvent from line 408 is circulated, and the residual stream 151 is simultancously
discharged overhead for further downstream processing. In one embodiment, the solvent is a
water-based salt solution of potassium carbonate. When compared to competing solvents,
such as MEA, the potassium carbonate solvent is quite temperature-tolerant. As a result, the
cooling of the purge stream 146 can be minimized, as needed, and a higher temperature purge
20 strcam 146 can be allowed to enter the absorber column 406 without raising thermal
degradation concerns. Accordingly, the degree of cooling of the purge stream 146 can be
modified to match process heat requirements, rather than cooling to avoid thermal

degradation.

[0057] As CO; is absorbed by the potassium carbonate in the absorber column 406, it
25  reacts with water to form carbonic acid (H,CO3), and then bicarbonate (HCO3'). The acidic

part of the carbonic acid (H") can react with the carbonate ion (CO;7) to form an additional

bicarbonate ion. Thus, the overall reaction can be as follows:

CO; + H,0 + K,CO3; «» 2KHCO:3

[0058] As a result, a rich, bicarbonate solvent can be discharged from the bottom of the
30 absorber column 406 via line 410 and directed to a regeneration column 412. In one

embodiment, a first or intermediate valve 414 disposed in the line 410 can be configured to

flash the bicarbonate solvent to a lower, near-atmospheric pressure before introduction to the

regeneration column 412. In at least one embodiment, the first valve 414 can be a hydraulic

turbine configured to generate extra power.
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[0059] In at least one embodiment, the regeneration column 412 can operate at
temperatures exceeding the normal boiling point of water. For example, the regeneration
column 412 can operate at a temperature range from about 220 °F, about 230 °F, or about

240 °F to about 280 °F, about 290 °F, or about 300 °F. The regeneration column 412 can

5 operate at pressures ranging from about 0 psig to about 10 psig. In at least one embodiment,
the regeneration column 412 can be configured to operate at a pressure of about 3 psig. The
regeneration column 412 can be configured to use steam circulating therein to boil the
bicarbonate solvent and reverse the reaction undertaken in the absorber column 406, thereby
yielding a regenerated, lean potassium carbonate solvent suitable for recirculation via line

10 416 below. In at least one embodiment, an in-line pump 418, or the like, can drive at least a

portion of the lean potassium carbonate solvent via line 420 back to the absorber column 406.

[0060] En route to the absorber column 406, a portion of the lean potassium carbonate
solvent can be removed as a heat stable salt (HSS) via line 423. As described above,
illustrative HSSs extracted via line 423 can include compound fertilizers such as, but not
15 limited to, potassium sulfite and/or potassium nitrate. In order to make up for the loss of
potassium carbonate content removed via line 423, and to maintain overall solution strength,
a stream of potassium hydroxide can be subsequently added via line 425. In one or more
embodiments, the potassium hydroxide serves as a solvent makeup. The lean potassium
carbonate solvent in line 420 can then be optionally directed through a first cooling unit 422.
20 In one or more embodiments, the first cooling unit 422 can be, for example, an air cooler or
radiator-type heat exchanger, configured to reduce the temperature of the solvent. If used,
the first cooling unit 422 can be configured to reduce the temperature of the lean potassium
carbonate solvent to temperatures ranging between about 230 °F and about 60 °F. As can be
appreciated, in at least one embodiment the HSSs can alternatively be removed as fertilizers

25 subsequent to the first cooling unit 422, as well as the addition of potassium hydroxide.

[0061] In order to generate the steam circulating in the regeneration column 412 and
maintain the required heat of regeneration, at least a portion of the lean potassium carbonate
solvent in line 416 can be directed to a reboiler 419 via line 417. The reboiler 419 can be
configured to increase the temperature of the lean potassium carbonate solvent in line 417,

30 and return a heated regenerated potassium carbonate solvent back to the regeneration column
via line 421. In at least one embodiment, the reboiler 419 can be supplied with heat from the
HRSG 126 (FIGs. 1-3). In other embodiments, however, the reboiler 419 can be supplied
with heat from the discharge of the steam gas turbine 128 (FIGs. 1-3).

[0062] The water included in the purge stream 146 can condense into the solvent solution
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in the absorber column 406, and subsequently boil out in the regeneration column 412.
Consequently, the regeneration column 412 can further discharge CO, vapor and any residual
water via overhead line 424. In at least one embodiment, the CO, vapor and residual water

can be directed through a second cooling unit 426, such as an air cooler or radiator-type heat

5 exchanger, before being introduced into a condenser 428. The condenser 428 can be
configured to separate the residual water from any recovered CO; and direct the separated
water into line 430 below while feeding the recovered CO; into line 150 overhead. As can be
appreciated, line 150 can be the same line 150 as described above with reference to FIGs. 1-

3. In at least one embodiment, the separated CO; in line 150 can be subsequently compressed

10  for applications such as CO, sequestration, enhanced oil recovery, CO; sales, carbon capture,

and/or combinations thereof.

[0063] In one embodiment, at least a portion of the separated water in line 430 can be
recirculated back into the regeneration column 412 via line 434 using a pump 432 to allow
the balance of water in the system to be maintained constant. Water is constantly introduced
15 into the solvent via stream 404, and subsequently removed via lines 436, 150, and 151. In
order to maintain solvent conditions and strength, the water must remain in balance within
the system 400. Accordingly, the water recirculated in line 434 can allow water to be
returned so that steam raised in line 421 can be controlled independently of this water
balance. In other words, this recirculated water can be used as feedwater for the generation
20  of steam in the regeneration column 412 or to raise low pressure steam from feed cooling. In
other embodiments, a portion of the residual water in line 430 can be disposed of as fresh
process water via line 436. For example, although containing a portion of dissolved CO,, the
water in line 436 can be used for irrigation water, treated to be used for boiler feed water,

and/or other process water.

25  [0064] Referring now to FIG. 5, depicted is another illustrative embodiment of a CO;
separation system 500, similar in some respects to the system 400 of FIG. 4. As such, the
entire system 500 will not be described in detail but may be best understood with reference to
FIG. 4. Whereas the system 400 of FIG. 4 could be characterized as a single-stage potassium
carbonate process, the system 500 of FIG. 5 can be characterized, in at least one embodiment,

30 as atwo-stage potassium carbonate process. As depicted, the CO, separation system 500 can
include a "semi-lean" solvent recirculation loop, wherein a portion of the solvent can be
withdrawn from the regeneration column 412 via line 502 prior to complete regeneration. In
at least one embodiment, the portion of the solvent withdrawn via line 502 can be about 50%

or more of the total solvent volume circulating through the regeneration column 412. The
-17-
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a C2 the absorber column 406. In one embodiment, the semi-lean solvent solution can be fed low

5 506 into the absorber column 406. Being only partially regenerated, the semi-lean solvent in
line 502 is not able to absorb CO; from the lower concentration gases higher in the absorber
column 406. Instead, it can be fed into the absorber column 406 where it can absorb the
maximum amount of CO,, and not dilute the fully lean solvent entering the absorber column

406 via line 408.

10 [0066] This variation in the system 500 can require a higher solvent circulation flowrate
than the system 400 of FIG. 4, but can demand less external heat energy to remove the CO,.
With this improved thermal efficiency, the system 500 can require less reboiler 419 heat duty
than is contained in the purge stream 146. In other words, the heat of the incoming purge
stream 146 may be able to supply all the reboiler 419 heat requirements. Consequently, if the

15  residual stream 151 is injected for EOR, the system 500 can be thermally self-sufficient and
require no make-up heat from the power turbine HRSG 126.

[0067] Referring now to FIG. 6, depicted is another exemplary embodiment of a CO,
separation system 600, similar in some respects to the systems 400, 500 of FIGs. 4 and 5,
respectively. As such, the entire system 600 will not be described in detail but may be best

20 understood with reference to FIGs. 4 and 5. As depicted, the rich, bicarbonate solvent can be
discharged from the bottom of the absorber column 406 via line 410 and reduced in pressure
using a first valve 602 before being introduced into a separator 604. In one embodiment, the
first valve 602 can be configured to reduce the pressure of the bicarbonate solvent from the
purge stream 146 pressure (e.g., between about 270 — 280 psia) to an intermediate pressure

25 level. In one or more embodiments, the intermediate pressure level can range from about 20
psia to about 50 psia.

[0068] The separator 604 can be configured to receive the reduced-pressure solution and
remove at least a portion of CO; via overhead line 606. In one or more embodiments, the
removed CO; in line 606 can be cooled in a cooling unit 608, and subsequently fed into a

30 downstream compression system 607. In one or more embodiments, the cooling unit 608 can
be a direct contact cooler, trim cooler, a mechanical refrigeration unit, or combinations
thereof. Since the removed portion of CO; in line 606 is at an clevated pressure, albeit an
intermediate pressure between the pressure of the purge stream 146 and atmospheric, it can

be injected into an intermediate stage of the downstream compression system 607, thereby
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702a and 702b to eductors 704a and 704b, respectively, is injected into the
regeneration colum 412, it can result in the
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434 Tenmptrsta (FECEME 1262289 230 23812 | o¥7797 | 650017 | 443
Equiv. wt % K,CO; in solution 35.60% 31.80% 31.40% 31.80% | 0.00%
% K,CO; reacted to KHCO; 7.80% 33.50% 65.60% 54.70% | N/A
Stream pH 9.6 8.6 8.1 8.5 4.1
Gas Stream Number 146 151 606 424
Temperature - °F 803.2 141.62 120 112
Pressure - psia 283.2 276.2 28 16.7
Flowrate (Ibmole/hr) 158,729 132,137 5,497 10,969
Flowrate (MMSCFD) 1,446 1,203 50 100
H,O Mole % 7.97% 0.98% 6.14% 8.17%
CO; Mole % 10.36% 1.00% 91.69% | 91.83%
Mole % Other (N;+O,+Ar+CO+H,) 81.67% 98.02% 2.17% 0.00%
Heat Required:
Feed Gas Cross-exchanger 402 629 MBTU/hr Total:
Regenerator Reboiler 419 586 MBTU/hr (20 psig steam) 586 MBTU/hr
Heat Rejected:
Cooling Unit 608 114 MBTU/hr
Condenser 428 381 MBTU/hr
Cooling Unit 422 478 MBTU/hr Total:
CO, Compressor Coolers (total) 216 MBTU/hr 1189 MBTU/hr
Power Loads:
Gas Expander 152 (FIGs. 1-3) 222,414hp  Produced
Lean Solvent Pump 418 2,035 hp Consumed
Semi-Lean Solvent Pump 504 5,532 hp Consumed
CO, Compressor (total) 49,450 hp Consumed Total:
Net Power Produced/Consumed 165,397 hp  Consumed 165,397hp

[0072] Referring now to FIG. 7, depicted is another exemplary embodiment of a CO;
separation system 700. Since the system 700 is similar in some respects to the systems 400
5 and 500 described above, the entire system 700 will not be described in detail but may be best
understood with reference to FIGs. 4 and 5. The system 700 can prove particularly
advantageous in embodiments where the residual stream 151 and captured CO; in line 150

are to be reinjected in EOR applications. As will be described below, the system 700 can be
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configured to allow superior integration of the cooling of purge stream 146 in conjunction

with the process heat requirements in the regeneration column 412 and reboiler 419.

[0073] Since the residual stream 151 in the system 700 may be subsequently compressed

for EOR, the heat exchanger 402 is not necessarily cross-exchanged with the residual stream

5 151, but instead its heat energy can be available for other uses. For example, in one or more

embodiments, the heat exchanger 402 can be configured to receive at least a portion of the

recovered combustion water, or wastewater from line 436 to generate a low pressure steam in

line 702. The resulting steam in line 702 can have a pressure of about 50 psig or higher and

can be split into lines 702a and 702b and used as motive power gas for one or more eductors

10 704a and 704b. While two lines 702a and 702b and two eductors 704a and 704b are shown

in FIG. 7, it will be appreciated that there can be more or less, without departing from the
scope of the disclosure.

[0074] In one embodiment, the eductors 704a and 704b can be configured as steam

¢jectors adapted to reduce the pressure on the lean potassium carbonate solvent discharged

15 into line 416 from the regeneration column 412. To accomplish this, the lean solvent in line

416 can be directed into one or more mixing chambers 706a and 706b arranged in series and

fluidly coupled to the eductors 704a and 704b, respectively. In one embodiment, the first

mixing chamber 706a can feed the second mixing chamber 706b for further processing. In

other embodiments, however, the mixing chambers 706a and 706b may be arranged in

20 parallel, without departing from the scope of the disclosure.

[0075] In operation, the eductors 704a and 704b can be adapted to accelerate the steam in
line 702 to create a low-pressure zone at or near vacuum conditions configured to flash-boil
the lean solvent in the mixing chambers 706a and 706b. Boiling the lean solvent can release
additional water and CO; not recovered via overhead line 424 and draw the resulting gaseous
25 effluent into lines 708a and 708b. The resulting effluent in lines 708a and 708b, can be
injected into the regeneration column 412 to remove and capture the excess CO, via overhead
line 424. Because of its steam content, the effluent can also serve as stripping steam, thereby
supplementing or entirely replacing at least some of the regenerative boiling heat duty
generally supplied by the reboiler 419. Accordingly, the system 700 can allow some of the
30 heat held in the lean solvent to drive the vapor flow in the mixing chambers 706a and 706b,
thereby reducing the net heat required for solvent regeneration and the overall size of the

reboiler 419.
[0076] Flash-boiling the additional water and CO, in the mixing chambers 706a and 706b

can also simultaneously cool the remaining lean solvent by reducing its pressure from about 3
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psig to about 10 psig vacuum. In one or more embodiments, the temperature of the lean
solvent can be reduced from about 240 °F, about 230 °F, or about 220 °F to about 210 °F,
about 200 °F, or about 190 °F. The cooled lean solvent can then be discharged from the
mixing chamber 706b via line 710 and then directed to the in-line pump 418 which, as
5 described above, can drive the solvent via line 420 back to the absorber column 406. Since
the temperature of the lean solvent can be cooled in the mixing chambers 706a and 706b, the

size of the cooling unit 422 can be reduced.

[0077] Because the low pressure steam provided in lines 702a and 702b to eductors 704a
and 704b, respectively, is injected into the regeneration column 412, it can result in the
10  consumption of at least a portion of the feedwater derived from the separated water in line
434. Accordingly, any additional water can be recovered from the regeneration column 412
via the overhead line 424 as additional wastewater. As a result, excess water can be
continually building up in the system 700 and may be extracted via the wastewater line 436.
As can be appreciated, the water reflux rate can be varied to maintain the solvent water
15 balance, or the potassium carbonate solution strength.
[0078] As can be appreciated, embodiments and features disclosed with reference to
FIGs. 5-7 can be combined without departing from the disclosure. Accordingly, the
following table and supplemental information provides illustrative process data for an
exemplary combination of embodiments and/or features described above. The solvent stream

20 and gas stream reference numerals shown in the table can be referred to in FIGs. 5-7.

TABLE 3 — Process Data

Solvent Stream Number 408 506 410 611 416 710 434
Temperature - °F 126 2257 239.1 212 227.7 192.5 112
Pressure - psia 276.2 277.2 276.2 17.7 17.7 8.7 16.7
Flowrate (klb/hr) 4,966 11,380 17210 | 16,866 | 5,142 | 4,966 64
Flowrate (USGPM) 8,749 20,267 29,088 642,184 8,643 8,219 129
Equiv. wi % K,CO; in 35.10% 32.80% | 31.80% | 32.50% | 33.90% | 35.10% | 0.00%
solution
% K,CO; reacted to KHCO; 5.20% 20.50% 63.70% 51.20% 5.90% 5.20% N/A
Stream pH 9.7 8.9 8.1 8.5 9.4 9.5 4.1
Gas Stream Number 436 151 606 150 708a.b 702a,b
Temperature - °F 803.2 152.6 126 112 286.6 297.8
Pressure - psia 283.2 276.2 28 16.7 17.7 64.7
Flowrate (Ibmole/hr) 158,729 132,582 5,387 11,114 34,169 24,457
Flowrate (MMSCFD) 1,446 1,208 49 101 311 223
H,O Mole % 7.97% 1.30% 7.24% 8.17% 99.86% 100%
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436 151 606 150 708a ,b 702a ,b Tenperature - F 803.2 152.6 126 112 286.6
297.8 Pressure - psia 283.2 276.2 28 16.7 17.7 64.7 Flowate (|l bnole/fir)

158, 729 1026820308887 11, 114 34, 169 24, 457 PCT/US2011/039830
CO, Mole % 10.36% 1.00% 90.83% | 91.83% 0.14% 0%
fogjﬁﬁ%ﬁim) 81.67% | 97.70% | 193% | 0.00% | 0.00% | 0%
Heat Required: None (feed gas supplies all heat)
Heat Rejected:
Cooling Unit 608 139 MBTU/hr
Condenser 428 611 MBTU/hr
Cooling Unit 422 271 MBTU/hr Total:
CO; Compressor Coolers
(total) 217 MBTU/hr 1,273 MBTU/hr
Power Loads:
Lean Solvent Pump 418 2,047hp  Consumed
Semi-Lean Solvent Pump
504 4,473 hp Consumed Total:
55,992
CO, Compressor (total) 49,473 hp  Consumed hp

Material Export
Inert Gas (primarily N2) 151 1,208 Mscfd @ 276.2 psia

[0079] While the present disclosure may be susceptible to various modifications and
alternative forms, the exemplary embodiments discussed above have been shown only by
way of example. However, it should again be understood that the disclosure is not intended
5 to be limited to the particular embodiments disclosed herein. Indeed, the present disclosure
includes all alternatives, modifications, and equivalents falling within the true spirit and

scope of the appended claims.
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Flowate (MVSCFD) 1,446 1,208 49 101 311 223 H20 Mdle % 7.97% 1.30% 7. 24%
8.17% 99. 86% 100% WO 2012/ 003080PCT/ US2011/ 039830 CO2 Mdl e % 10. 36% 1. 00%
90. 83% 9IW020420308%0 0% Mbdl e % Ot her (N2+02+Ar +CO+H2) 8PCHA%ER011/039830

CLAIMS
What is claimed is:
1. An integrated CO; separation system, comprising;:

a gas turbine system having a combustion chamber configured to stoichiometrically

5  combust a compressed oxidant and a fuel in the presence of a compressed recycle stream in

order generate a discharge stream, which is expanded in an expander, thereby generating a

gaseous exhaust stream and at least partially driving a main compressor, wherein the

compressed recycle stream acts as a diluent configured to moderate the temperature of the
discharge stream;

10 an exhaust gas recirculation system having at least one of a boost compressor and one
or more cooling units configured to increase the mass flow rate of the gaseous exhaust stream
to provide a cooled recycle gas to the main compressor, wherein the main compressor
compresses the cooled recycle gas and generates the compressed recycle stream, a portion of
which is directed to the combustion chamber and a portion of which provides a purge stream,;

15 and
a CO; separator fluidly coupled to the purge stream, the CO; separator comprising:

an absorber column configured to receive the purge stream and circulate a
potassium carbonate solvent therein to absorb CO; in the purge stream, wherein
the absorber column discharges a nitrogen-rich residual stream and a bicarbonate

20 solvent solution;

a first valve fluidly coupled to the absorber column and configured to flash the

bicarbonate solvent solution to a near-atmospheric pressure; and

a regeneration column fluidly coupled to the first valve and configured to
receive and boil the bicarbonate solvent solution to remove CO, and water
25 therefrom, thereby producing a regenerated potassium carbonate solvent to be
recirculated back to the absorber column.
2. The system of claim 1, wherein the temperature of the purge stream is about 800 °F,
and the pressure of the purge stream is about 280 psia.
3. The system of claim 2, further comprising a heat exchanger associated with the purge
30  stream, wherein the heat exchanger is a cross-exchange heat exchanger configured to reduce
the temperature of the purge stream to between about 250 °F and about 300 °F.
4. The system of claim 1, wherein the regeneration column operates at a pressure of
about 3 psig.
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97.70% 1. 93% 0. 00% 0. 00% 0% Heat Required: None (feed gas supplies al

heat) Heat Rejected: Cooling Unit 608139 MBTU hr Condenser 428611 MBTU hr
Cool i ng UNOR2022@2080 MBTU/ hr Total : CO2 Conpressor Cool ePET(USet1al03 B3IV
MBTU hr 1, 273 MBTU hr Power Loads: Lean Sol vent Punp 4182, 047 hpConsuned
Sem - Lean Sol vent Punp 5044, 473 hpConsunedTot al :

55,992 G2 Corter emssan ¢ff @laih) 49, futBerhporapiisigred hpbdvit efliidly Kspgled toneret Gas
(primarily N2) 151 1,208 Mscfd @76.2 psia [0079] Wil e, the_present

di scl os iFEnREionecalifar ey BPRfiguscd, &9 iTeerdversae f liehtd pAdioanaf éhlet é?%?&?ﬁa%ﬁéi

forme. - e SKeRlan-caRadl TRNiSadka9aRad Ao RKE EEARhANNAT

way of wever, It s agal n be un osure

s not igt endﬂﬂ $ysieth bf:cllairmst &chetdin HE redallEd ﬁw@ﬁFQ@baslrsafm&ta tiRCh&Rd
herein. I ndeed, the present di scl osur e includes all alternatives,

modi Fi cAesBREICapRiassym cabeessalwint Pagk iR e Acgameration éo@mnrtptpf%h&%@é@e of
t he app?ﬂﬁ&ﬂh@i&!@%a NB29 g%%&ﬁ%PCT/USZOll/OSQSSO CLAI M5 What is

cl ai ned egrate separati on system conpri sing:
7. The system of claim 1, further comprising a condenser fluidly coupled to the

regeneration column and configured to receive and separate the CO; and water removed from

the bicarbonate solvent solution, wherein the CO; is directed to a downstream compression
10 system.

8. The system of claim 7, wherein a portion of the water separated from the CO; is

pumped back into the regeneration column to create steam.

9. The system of claim 1, wherein a portion of the bicarbonate solvent solution is

withdrawn from the regeneration column prior to complete solvent regeneration, and
15  recirculated and fed low into the absorber column.

10.  The system of claim 9, wherein about 50% or more of a total amount of bicarbonate

solvent solution is withdrawn from the regeneration column prior to complete solvent

regeneration.
11.  An integrated CO; separation system, comprising:
20 a gas turbine system having a combustion chamber configured to stoichiometrically

combust a compressed oxidant and a fuel in the presence of a compressed recycle stream in
order to expand a discharge stream in an expander, thereby generating a gaseous exhaust
stream and at least partially driving a main compressor, wherein the compressed recycle
stream acts as a diluent configured to moderate the temperature of the discharge stream;

25 an exhaust gas recirculation system having a boost compressor and one or more
cooling units fluidly coupled to the boost compressor, the boost compressor being configured
to receive and boost the pressure of the gaseous exhaust stream and the one or more cooling
units being configured to cool the gaseous exhaust stream and provide a cooled recycle gas to
the main compressor, wherein the main compressor compresses the cooled recycle gas and

30  generates the compressed recycle stream;

a purge stream fluidly coupled to the compressed recycle stream and having a heat
exchanger configured to reduce the temperature of the purge stream and generate a cooled

purge stream; and
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a gas turbine system having a conbustion chanber configured to
stoichionetrically 5 conbust a conpressed oxidant and a fuel in the
presence Wb 2a12008@nessed recycle streamin order generaPeTAISANIIOBBEYeE
stream which is expanded in an expander, thereby generating a gaseous
exhaust st reanr@ngpatatdrgRSdly RaGifIbRld e ﬂédt}ék&%n?et{fﬁie@@%&%ﬁﬁ%mpﬂﬁﬁ ein
the conpressed recycle streamacts as a diluent configured to noderafe the
t enperature of thendalsoHsrgelehn eamfiglhfddntoexdraiigt thgasodsletipucgd atreaan ayst em

havi ng at | east one of a boost conpressor and.one or e.cooling.units
configured to i HERIAS A POHGS RS HBls %O_i‘fe BT Yottty z&%alfetﬂ%&pp&gém to
provi de a cool efrdae%elfeifaRe bBsokE TRifn GRIREESS 2 MitrdYeRLrRihTrebilBal Bichm
conpressor conpresses the cooled recycle gas and generates the conpressed

recy6l e stream aml pbictibonmatofolwentshlutiendi rect ed to t he conbusti on chanber

and a portion of which provides a purge stream 15and a CO2 separat or
fluidly coupled té& fiﬂﬁtevqém%@dyt%aﬁfi 9 Hie a0eprbeiespdirar gpd eyHiures tadlash the g,
absor ber col umm DO cel ye, t [ I

ot assi um car bonsfeCLay v CHIRER P \EFaPHERG AaR, BraeCy BhEed
wher ei n t he absprehsire sdlitiomy di scharges a nitrogen-rich residual stream and
a bi carbonate 20sol vent solution; a first valve fluidly coupled to the
absor ber col unm arfdscpariargilividty e@piadatohthentarsh velye vod saoafigeied datreedyauthicon to
a neggr- at nospher ]| r e; r n tion c i pl ed
fo the irst valioRHAeRlly sty apg PrbEPLRLE Jofer 8] (T Helifinl 16 8

sol vent sol uti oinjdotedriatmananfuRtap df walbenst2aihhergitsion dykeneby produci ng a
regener at ed potassi um carbonate sol vent to be recircul ated back to the
absorber col umm. a2secPné velyst Budbf ceupd¢dntol thanbenadter ank corfrgyeedtareccoie t he
purge streamis_ab 800..F t he, pr ure of ;th u sty eam |.s. about
D0 st o 5 iRty iy BE R MRREFRE: ouldR B IR KRS bR Ger
associ ated w t hpéfienp s genc3Badidspldric plasyu@d, théldBy Readratine halgebtnidspleeric
cross-exchange heat exchanger configured to reduce the tenperature of the
pur dé stream t obiseibpen selbdisobsonEndnd about 300 F. 4. The system of

claim1, wherein the regeneration col umm rap,es at ressure of apout 3
bt g WD 2012/ 00408ERET LaZ0 b 558sb COwtHE EePend WN CREY hreur g Bhe
conpri sing a reRekiverantiIvdildihy et Rh@Epicict BiearbS@RN 861REht0fd @ RINUdreAdde a
configured to receive and heat a portion of the regenerated potassium
carbonat e sol vefcoah@Opiandat & Hshrertr BgubsrRIPee D LassEaehMeBRETE
solvent, 6 INEmYSIEMPlo B ALM Tt DRI Md NRofEPOUlER |S configured to
recircul ate the heated regenera&e potassi um carbonate sol vent back into
t he ypegener atTiRRyGeMWITIAiR P Qdeks) BHeaampéafurdef thi PardencBhGAERANRDE °F
solvent solution. 7. The systemof claim1, further conprising a condenser
f1 ui dl y aodthy prdssuts aflthe perge slsgam isabosiod8@msizand configured to recei ve and

separate the and ter. renoved fromthe bicarbonate sol vent sol ytion,
wher ei n Bhe Pt rlctlan tlg- avhsAs e et LG ilHri FsySTERnee deatrhe

system %&clﬁn@kﬁ‘&oﬁﬁﬁﬁ{%ﬁ&@ kuRe BRY ttnBBralirc bPBIYREEY stRERADL BeBFLhBBU IS F2 1S
punped back i'nto t I 9 h

e regeneration colum to create steam . The system
of cl ai nnd abowtd0Bi°R. a porti on of the bicarbonate solvent solution is

wi thdrawn fromthe regeneratign colum prior to conplete sol vent

reg@ler dth on ,Thgrﬁastz@r%@ilal@uh3aﬁgaleaﬁ<amp%n$ BighRIessHeecogla® BB CORMEgWIFhto  10.
The syst i i 0. - -50% 0 . t

bi car borgre o voreras) O e By PP SR ler Bulg B e ROy S
prior taeoopnpbiehsygahvent regeneration. 11. An integrated CO2 separation

system conprising: 20a qas turbi ne system having a conbusti on chanber

confi gurléd t o'hst Biskam eietlpint dPI yuidhaibieseprisingo aprandewsgr dliidisntoupled @ fheel in
the presence .abn %o@%pd Q%3 EE YL cBarild (R RdoRd g&ﬂl%h otf%(%fo%%e%%seﬁ@ar ge
streamin-an expan er,I&here%y generat i ng a gaseous exhaust stream and at

| eas patitettethé yeodnd pomignaf TE,no adingirsess of thevdoameireanh bempergisessetn.r ecycl e
streamacts as a diluent configured to noderate the tenperature of the

di schar dé. st reaethod®f sepasatngus®., gaprigingr cul at i on syst em havi ng a boost

conpressor and.gne or. nore cooling units fluidly coupled tao the boost

conpr essor, tSF%gB%Efflcg‘g‘hﬁP Eﬁ%ngb%i“r‘?&lpé%%%?‘r Qﬁ?"éﬂt 136‘? raegléﬁtl Ve &t B%Iéo_(n t he
pr essur hdhbihaidIRIROPR @R BN looftpt&aMN RBELIE BiRcaRN &hQELYRERrARQ! d MEcHARL S
being configured to cool the gaseous exhaust stream and provide a cool ed

recycle gas to the main conpressor, wherein the main conpressor conpresses
t he cool ed recycl e gas and 30gener at es2¢ he conpressed recycl e stream



a purge streamfluidly coupled to the conpressed recycle stream and havi ng
a heat exchanger configured to reduce the tenperature of the purge stream
and generwbeor/masbed purge stream and WD 2012/ 003080PCT/US320/0398389830 a
CO2 separator fluidly coupled to the heat exchanger, the CO2 separator
conpri si ng: an absorber colum configured to receive the cool ed purge

st ream andarfiits belkapaddad podrmSPabidorciedt bigivad € nmdl saipreisoebdd Perlemt@hs@isbosO2 1 n
t he cool ed purge stream wherein the absorber coluynm di scharges a

ni t r ogerfXPiush sfream.ayyhsredy e aanapcd renveler Hisaay moderaire the dgnpRrpyre of they
first VQ&%ﬁa Luidly. coupled to the absorber colum and configured to flash
t he bi car on§te sol’'vent solution to a |ower pressure, thereby generating a
reduced- pr essihdreassl thel (#8ssure of the gascods SRAASAE®Eant Mdihdd Yo uphpesk® 4rde
first valve and configured to recelve the 10reduced-pressure solution and
renpve £opiingthepgaseousncdrustoprerneyidh oaenor anese copjieg vaids flatddy spunlethér thet age
of a do r r I C eqfl ui dl to
the sepaato BB T aeen ored deorels, TS R APIKE e Mol JorfigRof for

r educed-cpmpssiive, whdruini tbeimaindednh@sdsot tempressas thcrogojedrtdyolesgak ®o generate the

near - at nospheri ¢ pressure, thereby generating a near-atnospheric

15bi car EORRIESSELICE¥HE SEB3Mit i on: and a regeneration colum fluidly
coupled to t cQn I .gonf i aur.e cel V. d il the
near - at msphggP@E%?c&rg%ﬁ%%en?gg lvgn{wgfoéfiutgi ‘%)O(r%lnérgssf%e ﬁig)c ggaStgeggl ond p%rhte?ton of
CO2 1and ewalidier toleh&Bye afoatidgiung: arcagener at ed pot assi um car bonate sol vent
to be recircul ated back to the absorber columm. 2012. The systemof claim
11, wherein tdectimgper soelcé gt baepurige shrabaonbes cabout h800g R patidsitime
pressure _qf the purge. stream,is.about 280 psia. 13.The stemof. claim 12,
ther ot n e ar PR LR LeRiE BY poBithtslronits el AR A Pec 1 o
reduce bbgHbQKQQﬁakﬁfﬁnﬁéC&h&j@g%gg&&hﬁeanltO bet ween about 250 F and about
300 F. 2514. The system of claim 13, further conprising a high pressure

cool i ng uni t dishiiggy edittagegonh refidudlistrstmpmdtd bivaibbn@ORolyenosolutoon fipemct i on
intq t he iq$er stg»e of the downstream conpressi on system 15. The
systidm d8 1sarh5F $9U™ Py t her conprising a condenser fiuidly coupled to the
regeneration . i.0 t | g i

from the. wat dobHE G Bk RN R SOLTERA A Rodh A GRGERE pBRRI: Qo 52
t he downatwegam conpressi on system 16. A method of separating CQO2,
conpri si ng: _ stoichionetrically conbusting a‘conPressed oxi dant and a
fuel in a corfeust tba bicaehobate sahvgni soluting ipracseenceatioh @ wanad (Qoind e
stream ngr.at | is r P 2011/ 039830
strean1P%Qﬁgﬁgﬁggﬁﬁ%ﬁﬁix%g%ggg%%%g%Fgﬁﬁgggéé?vééggéﬁggﬁg@%#gr%é%or and
genepat es a GagRAUSInEXMBURIzcRlhRAMotMIRNE! ArdolSicC WIPERSERY IR ENC lBsctbéeam
noderates the tenperature of the discharge stream increasing the pressure
of the gaebwous exhaust streamwith a boost conpressor and 5 cooling the
gaseous exhauyst stre ith e or nore cogQling.unjts fluidly coupled to
the boost’ coﬁ@%g%téwf W@%b@ aﬂ%f‘a%l@ﬂﬁl@g%qr%asa@sth? BRI AT e

mal n conpl ?eg%ﬁéraiearpo%gi%{e%&b&{bt WRER! A 4 RSB 1 @%HH&% $Q41c8 QBRI RES the
cool ed recycl e gas to generate t%e conpresseg recycl e stream

cool i ng metassingecasttone®msofveni. dl y coupl ed to conpressed recycle streamwith a

heat 10exchanger to 8enerate a cool ed purge streany . directing the
coolPéd pdr ge Ther Bathod foclaim dds dimbest cWMIHNSh ERFITRY 2N dhea BeFtetnressnpidtest e

sol vent %ysggh%%%{@%gf‘baéﬂﬁta"&%ﬁ%&n‘&&iﬁ@%@ﬂlﬂﬁ}t% 1§f8&1¥c%§]ttea9?.fd?%oﬂing

configu#@ S resent 1nt C00 purge strea
di schar ghapicarbondte sgemtsolmhon.esi dual stream and a bi carbonate sol vent

solution from 15t he absorber colum; flashing the bicarbonate sol vent
sol uti on% o d'hsemethad nefsplabn | 16, frebeueanprining gepagating the CO; from the water

removed from the bicarbonate solvent solution in a condenser fluidly coupled to the

30 regeneration column, and directing the CO; to a downstream compression system.

20.  The method of claim 19, directing a portion of the water separated from the CO; in

the separated back into the regeneration column to create steam.

_27 -



val ve; boi ling the bicarbonate solvent solution in a regeneration
colum to renove CO2 and water therefrom thereby generating a regenerated
pot assi urwoantaoaise sol vent; and 20recircul ati ng the regemarsated3qset assi um
carbonat e sol vent back to the absorber colum. 17. The nethod of claim 16,
further conprising increasing the tenperature of a portion of the
regener &led pidicasahodrotdnino natfartbed coiprising witlidedwiner pdriopbOthy bécagbdmaat ed
regener at ed potassi um carbonate sol vent. 2518. The nethod of claim 17,
further SEBRBY vty framy the UPeRTCHEIOR O WRRPEET FegeRBICK: WUVPS 1eEErHP R Wonat e
sol vent ol ' S boiling the
bicarbogg?g&%%@3ﬁﬁﬁﬁggfﬁ??@ﬁﬁﬁék&ggﬁg§%ggﬁgﬁﬁg%&g#%§ﬁg?n116%H§urther
conpri sixg sepamdddrated Ce séfFationagrichecoapying.enoved from the bi carbonate
solvent solution in a condenser fluidly coupled to the 30 regeneration
col uim, and di gesduibmge syveenChRving aacoddwnen eambzowpnegssidio stpsthemetrigdly The
met hod of claim19, directin rtion of the ter separated.fromthe CO2
'n the sepidetomseied Ak trat Ehihar Desreath S CoBP e eA S eH M Yo
2012/ 003R&QRRE TR 4 1diQBIB3 Qstredih: in THE cXfRAG tIRfrclf) @dr¥tatg 4 YideB®Y exhaust
conprising withdrawing a portion of the bicarbonate sol vent solution from
t he regetematandnatclobstmartipliyodriving @ompinecemprgsspanthereigether commesscamerytlsedi ng
the withdr i.carhonat ol t i i € r ol umm.
220 An' IHFRReR e TP R ef ROk iL B i GRE% BRRe Gyci em
havijpg a conmystinalsiCHRMREHEANN GHfed Hafingt LibeHIt AR LRS! hild ©REYISthoR
conpressed oxidant and a fuel in t'he presence of a conpressed recycle
st r eam icrolngienitst ftnidlyanpled tathsdioastgempressemtticrboast exppaerder heingheondigpred
generating_ a.gasequs exhaust stream and at,|east partjally drivin .mai n
Sonpr esdbre iR gitnorHlc RiRurE ol By S tahat disaihuid Py ohg O ptint
conf i gungets beinpReefigired to®ol BRNALRUY ELhabt dRemting Phafigea S6d160F8cydO@hs to
exhaust gas recircul ati on system having a boost conpressor and one or nore
cool i ng thimas £rapIghser.cuhgiPadhe anaihsompepstor compresseothe coplsdyeaystc gwngidessor
bei ng c%%g&?%g%cto& reCel ve &anga%)st t he pressure of the gaseous exhaust
2'one or Loor ’

stream nor e I'Ng ’units being configured to cool the
gaseous exhayshyrgt k@aum INEHIPIONHIEE t& 1RO Ricte§:88 ¥&dyRI IR amOardd Ravii®] B heat
conpressor, wherein the main conpressor conpresses the cool ed recycl e gas
and 15genehagescaniguadnioriedsasdthe éoypdratur elethe purge stream pud genosate @agootddui dl y
coupled to the coggﬁessed rec%cle §{rean1and havi ng a heat exchanger

confi gurpélaget%re?rél u eo\?'I%eSPIgﬁﬁ Fat e of the purge stream and generate a

cool ed purge ;stHeamand iy REGASHILLS heA Wk cIRRbderd He R0 S&PAa Rk Shmblikthg! ¥
coupled to the heat exchanger, the CO2 separator conprising: 20 "an
absapber col um coanf higored dodumhecainfiguicdetoc oalebd fhdr geolsd rpaags achrei amelul at e
a potassium carbonate solvent therein to absorb CQ2 in the cool ed purge
stream wher ei nCHQAtaBPOFSHHMBI RARALeHoSCREMGEE & #isprtogEnln theisopled Py

stream and a bi & P We‘?eiﬁ(ﬁlé/ ablor l&)thﬁ?lg ;discgarg%s 1a_,lnitlr en-richzr%siﬁﬂ'ilvﬁrgfallnm diy

coupl ed to the absorber colum and con ure asit t he bl carbonat e
sol vent sol uti omd ©biaarherate adlnes pblatipbe;, pressure; a regeneration colum
fluidly coupled to the valve and configured to receive and boil the

bi carbonat e sol verit V&gt fuidin cpeple@ip e absortestcopiin pesh corfigurpd indlashather
t herzgf rom t herﬁﬁ?&?ﬁﬁﬁgH‘?F%ﬁgﬁg&l'ﬁggwfé%‘tf?‘gm?ﬁ%@@ Hm car bonat e sol vent; one

or nbre m xi ng chanpers coup eneration columm and 30

correspondi ng one ;OfcodRiRicAdHIAE FuidlP@o@NEd &Y theBfaf/cindl RafighENE rscchRi NY
configured to receive the regenerated potassi um carbonate solvent, and the

one or nore edudtbbell g higadbonitc gatvedt sdutiert & vamavsea Ifisww noriees of €0t aglm

fromthe heat e&%{é%l er ang flash- goi.l the re’%seger %tﬁe{jlmpctgl'{rbaosg1 Jum car bonat e
solvent to extract” a ?R’Esz lief?@b%rﬁ P US89 ?Q_ g"Second poP i'on of CO2
and water to be refiis WAt adxRgthahBerd MRidIPI6AREAL] B EQNEARon @BKmn and
30 corresponding one or more eductors, the one or more mixing chambers being
configured to receive the regenerated potassium carbonate solvent, and the one or
more eductors being configured to receive the low pressure steam from the heat

exchanger and flash-boil the regenerated potassium carbonate solvent to extract a
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a punp fluidly coupled to at | east one of the one or nore m xi ng chanbers
and configured to direct a remaining portion of regenerated potassium

car bonat ewb=o0lvmsisoback to the absorber colum. 23. Thecsyst@mosdssec! ai m
22, wherein the | ow pressure steam has a pressure of about 50 psig or

hi gher. 24. The system of claim?22, further conprising a condenser fluidly
coupl ed to the segeheoaidnoof CPusml aackrconbd gavidlated BeRatoaihe tchendrationt
portion of CO2 fromthe water 10 renoved fromthe regeneration colum and
direct the firsflp@piah of CO2 to a downstream conpression system 25.
The system of cl aim 24 ﬂW@ reinle tfggﬁgﬁggrt%%pogf %heﬁy&%&r Ce%ﬁ£%t£1 from
the CO2 is punpedﬁﬁ%ﬂplﬁ 9 TN egeneialon’ CoPUR 8 c et seam 6
The system of Cbcﬁif?u?&l, toMIgeel A RmIREANPoRPNt bPRe@helahRl Pothgiurs epctard
fromthe 15CO2 is directed to the heat exchanger to generate the | ow
presdure steam solpent bapetodhepbsaibsf celuainm 22, further conprising a reboil er
fluidly coupled to the.regeperation colum and configured to recejv nd
heat & part | Ao RO Uhera BCHITRdSY dRmede i BSEpratire Shab¥oRuce a
heat ed rnggesanigiced potassium carbonate solvent to be recircul ated back into
the regeneration colum to produce steamfor boiling the 20bi carbonate

sol vent 2dol utThensyste28.of Aclaet 28d fatthes eqammatsineg a Gaddeisenghiidly ngrupled to the

stoichionetrically, combusti ng a conpressed_ oxidant and fuel in a

conbust iI"BHFIERERB &P HRY A PREEEFd BB ar ﬁlec%rﬁbpe@@agof? €0y Jream by s

t hengby gRpePibRGhE richEhAb Y SoREAN difcP tceMRAPSEEn o7 &Y, SXPasdRdirchat
drives a main conpressor and generates a gaseous 25exhaust stream wherein
t he conprawsessionggstohe stream noderates the tenperature of the discharge
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boost compressor, whereby a cooled recycle gas is directed into the main compressor for

30  compression, wherein the main compressor compresses the cooled recycle gas to generate the
compressed recycle stream;

cooling a purge strecam fluidly coupled to compressed recycle stream with a heat

exchanger to generate a cooled purge stream and a low pressure steam;
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the water renoved fromthe bicarbonate solvent solution in a condenser
fluidly coupled to the regeneration colum, and directing the CO2 to a
downst r eawpcorassi on system 2530. The met hod of cl ai mP29/USRanobusso
conprising directing a first portion of the water separated fromthe CO2 in
t he condenser back into the regeneration colum to create steam 31.The

met hod of cl alirecidtyy thaucbbled megpirsiminth aecdbstien cor@ONtapiaptd @ataefiuinhe
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absorb CO, present in the cooled purge stream;

discharging a nitrogen-rich residual stream and a bicarbonate solvent solution from
5  the absorber column;
flashing the bicarbonate solvent solution to a near-atmospheric pressure through a
valve;
boiling the bicarbonate solvent solution in a regeneration column to remove a first
portion of CO, and water therefrom, thereby generating a regenerated potassium carbonate
10  solvent;
injecting the low pressure steam into one or more eductors fluidly coupled to one or
more mixing chambers, wherein the one or more mixing chambers are configured to receive
the regenerated potassium carbonate solvent;
flash-boiling the regenerated potassium carbonate solvent from the regeneration
15  column in one or more mixing chambers fluidly coupled to one or more eductors to produce
an effluent comprising a second portion of CO, and water;
accelerating the low pressure steam through the one or more eductors to extract the
effluent from the one or more mixing chambers, wherein the effluent is recirculated back to
the regeneration column;
20 recirculating a remaining portion of regenerated potassium carbonate solvent back to
the absorber column.
29.  The method of claim 28, further comprising separating the first portion of CO, from
the water removed from the bicarbonate solvent solution in a condenser fluidly coupled to the
regeneration column, and directing the CO; to a downstream compression system.
25 30. The method of claim 29, further comprising directing a first portion of the water
separated from the CO; in the condenser back into the regeneration column to create steam.
31.  The method of claim 30, further comprising directing a second portion of the water
separated from the CO; in the condenser to the heat exchanger to generate the low pressure

steam.
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