WO 2010/ 044958PCT/ US2009/ 055544 METHODS AND SYSTEMS FOR CONTROLLI NG THE
PRODUCTS OF COVBUSTI ON CROSS REFERENCE TO RELATED APPLI CATI ONS [0001] Thi s
appl i cat iwo 20ioai4mssst he benefit of U S, Provisional Applpceaistan/obisss 5

61/ 105,331 filed Cctober 14, 2008. FIELD OF THE | NVENTI ON

[ 0002] Enbodi nents of the invention relate to nethods and systens for
controlling the products of conbustion. Mre particularly, nethods and
systens for obtaini S t i.al i Ghi i [%ﬁ%ﬁ%ﬁ&%éﬁ ' n

oxy- fuel type SOrEHBRSHNP 3RS Kodt fosheRLIAG 5 ORE

| NVENTI ON  100031Thi s section is i i@aeesdTiON ntroduce vari ous aspects of
the art, which may be aSSOCIated mnth exenplar enbodlnents of the present
disclosure. This di sCROSSREKERENCE, < ALONS  ng a framework
to facilitgjgra b@hfseapﬁm@lﬁdhsmﬂgd 1138 qien&arsf qul gr P@&Qﬁ&ﬁa? RfplichonPiesent

i nvention. Accord C\; it should be understood that this section 15 shoul d
be read5|n6b%@%331@#ﬁ ctgbrt 1A0t008ecessarily as admi ssions of prior art.

[ 0004] Sone approaches to lOWE&HEE%‘sﬂhiﬁtg§g¥ﬁgﬁg§qe fuel de-carbonization
or post- combustion capture. HOwever, DOU e solutions are expensive
and reducel098er @erbedlatem rof ¢lidf ingérgwn yrelatees whetliodg aind systwer fop owmrolling the
producti on n i tri 0 neet
donestic pbsd odué%{ S’fac%%l u‘ét ]ﬁgljg%aglcylglg hrgi&é an%@ s;;,s?e%ésof% Og‘[Pl%? % su@&&r%wﬁe e
conbi ned cytoﬂcmombbmmmbusubhmmmy@ﬂoymmmumoalréapnarvaehaahi@dgas t ur bi nes

t hat C(ajlﬁ operate in such apG | ..oxy-fuel concept is
based t he conbustion of =Ry 2 rgen, which results in
exﬁrtr) enely l[uo}gkl] tegﬁﬁlrsa&thﬁls 1rclit§ﬁtl‘e|h thllgtho@e?pgﬁelmtsw&pﬁ&tsl &ime tagt, mh(baly Igm_gsbdz nb
conbustor life and also the devel opnent o ol ycyclic Aro tic rocarbons
25 (PAHs) , ARPIAT "800 XS REYt CPROGHRRAS 8h NONBFFSFT LSSt i Jhs' fiscrian ds

i ssues  havgelRe&NoAsLiGMRBE idths B fMaHoWoRTtol BRIk @Bet@ﬂﬁﬁ&?ﬁandir%%ﬂﬁhﬂglak's' ng
carbon di oxide as a nass flow gas through the turbine instea air

However, t hﬁpgctaﬁﬁﬁl@aewsealhdm@pm s Aceepdingly, dipdonld] b sadorsieqsi that BérpisHemnt
that i %Snoghoﬁﬁltbqumrﬁ&lﬁé tyana%gi ﬁe@psjsﬁ‘ll? Lp%g%s%n§of 5)1%1‘ arh0. 5, 724, 805

di scl oses a power pl ant ving a gas turbine fueled by 30 hydrocarbons
m xed wit h[@ﬂ4]oxy§em¢ @aprb@nhesjtoobowdleC@n xmigsions Holwdv ducl d@ﬁerbdmlsztﬂoom pestst at es

that the Ogérft%q%tlcm écll Wl hﬁgwg%f %0917 o% Qe %!)lutl daﬁr% {;‘%151 alalng%{i]ﬁscngaolyvoF ry

hi gh tenpera res ra qurrin ame conbustor c r the
combust i ong@a&ﬁes dfﬁ)clgrc&dlmhlltlyg aoolbwsio pb\&&Spmdud:nmn imeraxddd &ue{ @&nands and

produced. As i zed on- st andar st nust be used for
Phe techni (usasropimg SRahisty of Bp B BRI Grirl oo Righhacy R H555-
2010/ 024958RCEAUDAMOIOD 25 Bined cycle. However, there are no commercially available gas

turbines that can operate in such a cycle.

[0005] The original oxy-fuel concept is based on the combustion of hydrocarbons with
pure oxygen, which results in extremely high temperatures. Such high temperatures lead to
problems in combustor life and also the development of Polycyclic Aromatic Hydrocarbons
25 (PAHSs), which lead to soot production. Numerous solutions to these issues have been
attempted with varying levels of success, including using carbon dioxide as a mass flow gas
through the turbine instead of air. However, this approach and others require specialized
turbine equipment that is not yet commercially available.
[0006] U.S. Pat. No. 5,724,805 discloses a power plant having a gas turbine fueled by
30 hydrocarbons mixed with an oxygen/carbon dioxide mixture. However, the disclosure states
that the O,/CO; mixture has more O, than air and therefore burns at very high temperatures
requiring a large combustor chamber to allow time for the combustion gasses to gradually
cool so less carbon monoxide (CO) is produced. As such, a specialized, non-standard

combustor must be used for the techniques in the ‘805 reference to be practiced.
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100071As such, there is still a substantial need for nethods and systens to
effectively control the tenperature and conposition of conbustion product
streans. SOMWRM4G3E THE | NVENTI ON [ 0008] One enbodi nent pofr/ush@9psissent

i nvention discloses a conbustion control system 5 The conbustion contr ol
system conpri ses a conbustor consisting of at |least a primary conbustion
zone and a bur nout zone a high concentration car bon di oxi de (CO2) supply

(the dilue upplyy an, oxyg su tre dtoc i.n ith at
cnot ‘a1 07O erf daede e SRRt R etha R S G Bonieeivdat  on
CQO2 st r eantdndrof ME MR radey geNEInkpdRitiSH 6B@jﬂﬁ‘tﬁlbtlitﬁ1t[ﬂ6dmﬁit1}eym§.0rfpri si ng oxygen

and CO2 and having an oxygen to CO?2 ratio; and a 10 conbustion fuel stream

with a flow and a conpositi MM@WCI udes a conbust or

conf i gur ed[go08mM X OABEmbEdTRSH oftHREpIRINE BN ttioA i R ResCOPIMISL i Nconk6l systemeans
within a primary conbustion zone and a burnout zone in which a second part

of the di | GBhCOBRBHPY CORFI YEEHNERIRIFISEN P LROADYSPIS CRFERE 106 2 O 8 ATHRAEY | on
products StEeRid Sdhe and %’9&6@4 26 AMth Bore@RGSH EArB8: dikidl ?@é% Qlﬂﬁy (the

t enper at ure sensor confi gur ed to neastre the 15 t enper ature o

combust i ondicotawrly):snreaasafupply strhem esafiguedd to lvembiprtyatt abdcasiwhBrsepertiohe

t enper at ur Op,aflius ow
rate of th§ é)écoﬁﬁar %Pﬁ%%ﬁp f ?{%C}gg& g?%%{ltﬁla%%g]em %gglettr?pfeorﬂgt gr%y %H%'P{!ue

exi st of t kteaanmuda&tsrttmﬂy campriatg dxoast aoh€O0gxyd bavignal yeen coaOr guioeand @
measur the en.inthe c rrp05|t| n of.,the co roducts
ot r oam CanSyEIRI, 6% sBEE SO B rReat AP REe B gt G SR odtEy FouB5fsed
t o regul at eorhithgtof |comfiguatdetoomnit bed oxyigen tieuPPloynasivhi @adn combadioh i€ streams

substantiall . stol chi o tri W stion. 1008%%In sone errb%ﬁdt=h n
conbust i on™!i@2 Iél'trPaé'éﬁP yStigR 2 AN 2t 1P $EUGh 2595PRhPAL, ?5‘!‘%1& gas
stream a Lgpiyheas |s€@)nﬁ%uﬁlﬁeﬂ@|1s gRgcShd Gaim  ABRALRbH QSddc)s, sttealhl Gikh a
concentration makeup stream The separate streans may be operatively

connect ed FHPEEDEE AhARPIEPSIEG OF %ﬂawé%neéeﬁw‘é%tt@dsewr CRRTHSocBRSHS] her &

for thesi nghidua oﬂh"e%ﬁ%ustti@n(p%ﬁt@lst&m afrdrOWt 8000 CATRESbI@NwAEretNRe
conbustion fuel streamto regulate the tenperature of conbust ion and avoid
fl ame bur nisuteratute 9bribe eapbution mreducsasireant it heedstor adivss theyflope rap et 4h¢ vel y
connect ed

1001011 - adar R SteERELERM B J6aH LalycBbi Ao SO, ERMLIBL sRURUER 1
30 confi guomdoﬁygemnal}tzmecoﬁlﬁgmbd pnmteasuw tbé ambent loif gh}’gmmm:émcpamoonmrﬂmhet ream

and the ox u treamtq for enat i on strear

conbusti oncins T Rtud) SRR, \helrd Mo BB EE SRh P B PR dh BB Buces
t he corﬁﬁustsedntopfagdlamt shestivearne andha dayganowipphoREecamONd | gliced shbstzdelhilyer
the second t| on. of{#he hi gh concentration CO2 streamto the conbustor to
regul ate tﬁ lé?ﬂ’ﬁtélrcefp BUSF the combustor and the combustion products WO
2010/ 04495f909) USROQH Qb Sits] ﬂerasbmbﬁmﬂ Fu@ XLl AkY be bRk IR Bf at 1aast a
catalyst is added to the initi al hi g erature conbustjon, zone

catal yze t high @gaistelows SE&ER DLW IhPP“élﬁo‘ta rfug] %aér%%mvelde%@aﬁl%mhlg@ he

second M X #RARraABY COE ntRBfY Grhad e spgaeatmt&ahﬁena%é%eemap cidce@EPMSt i on
fuel streans or concurrently mx the streans wt conbusti on reaction.

5 [ 001BPAngipestioaraesie e sennspted kethe fleserantohiere fﬂru tb%mdivwabete@/ma te epsi9st i on
control  meghogl,, The d H%%Qé?ﬁonc 8R! & stE)JnO efllsPlhn u? 'r%ma?é) %e{%%%{u%] o2
stream an oxygen supply stream and a co ust| on st ream erein each
st r eam hascantfusoem amt evoahfame (bomnpmtsi Ini ome adwidimingyg cath ¢feths tstreanfsi magt be
portion of h n and y. su Iy streamto

f orm an OX rzﬁlvefy%ongetc{ea?o ‘Iihg Ir&r({qugf' COI]{tI‘Rﬁ@a cengr%(l Cgﬁtrosltsyée%g M 1 0 an d t he
combust i on[(IOﬂle]I sir eﬂdmtmmlaemmmattmrt}teouﬁmhsmoa meywhusltld@m piradmit soat r eam
vvitha e ture and ensi n e oxygen content of the
ConbuetPonbpraE s 108 Be i R A Lt P SR L P SR PG et
suppl y streagplyusticain foh@r ARD USideARtionr BEuE] § pSitiaBABIrhusEob SérRNdondkhind to
stoichionmetric. 1001%1In a third enbodi nent of the present inventio a
conbust i onnYs RmePmbyigy|raacgon pehigh @rodyrrs e OmbUsHOneRRuR S@we: #nd a

combust i ONpdrhd@lzofd ERMERLECENP IR SLERRY %Bﬁtioﬁ'o'fl/hehﬂgl{ Q5RERANSN 8] sgadmbon
di oxide (CO2) and having an initial fuel CO2 ratro; an oxygenation

st r eam confsr g corgbustits 4o arpulagd thy tnmesEw e D éheccam%ﬁmw@xﬁh@l €0o1inspyn pigette| n

t he conbustion fuel stream and the oxygenation streamarc conbined to form
t he conbustion reactants stream having &-conbined fuel to oxygen ratio
regul ated to neet a desired 20 equivalence ratio (defined as the ratio of
the actual fuel-to-oxidizer ratio to the stoichionetric fuel-to-oxidizer
ratio) and a conbined initial CO2 to fuel ratio reeulated to provide a
de5| red conbustl on terrperature W|th| n the pr| mary conbustl on zone; a
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100141FI Gs. 1A-1E illustrate four alternative exenplary control schematics
in accordance with certain aspects of the present invention; [0015]FIG 2
il lustratwe 2a1aiessat i ¢ of an exenpl ary conbust or as it peirgistodmsssent i gur ed
for use in the alternative exenplary systens of FIG. 1A-IE. WO

2010/ 044958PCT/ US2009/ 055544 100161FIG 3 is an exenplary flow chart of a
nmet hod of operating the systemof FIGs. 1A-1E; DETAILED DESCR PTI ON

[0017] I n the fol ovmn detail e rlp nse ion,. the ecific

rbodt mant 8P ¢ Heds eRl: RhRARER LA b BN R eh PRt ATudTREL kPGt n
preferred a;ﬂslﬁﬁndsremls 10 &-Jmmerie cntbuttiva rea@hemt Int dvathet A rdacil ¢ &Wi)dﬁlgnent the
description ecific articul ar odi nent or a part.i Cglﬁb%f@use of

is
the pr esenfeCPrR/@ 308R may F§°1? uredta ﬁEFeIB“‘tt %V%FWO@%W%W% ang | y

and si npl yodoavirfgy thides Giréddisivath @E cdhiRisexeRmétRnY enbodi ments.
Accor di ngl ﬁ@llt he invention is not limted to the specific enbodi nents

descri béd bw, Baethen embedimpyt ofthe Lm@@nfarqverarorle@pré%er/@scorrmstlon control

modi fi cati gRgod a”ﬁleelﬁéthc\/@kﬁﬂér if@prol Athoh h@h%oh%t&ﬁd{ﬁcw'sﬁb&n apdoseepe of
the appended clainms. 100181 The ten-n storc lonetric combustion,” "as used

herein, refwply ittsan, eahbwombugiiondadt stigamhahérag cl slrepe hast a rﬂwxr wEarons
e. f uel \Y fy u
(e.qg. Zon@%‘&tﬁn QAnEr{Jrfnng thae [ﬁrst\rﬁp oglcfrh[g \ﬁ% JB‘EC raf?&ily 2 ; ééanll Y5

enough to conbust or nea e vo une o rocarbons
to pr oduceo;@rgvm Isumxl!y aieauntmbfwﬁhrammxpgmdum strdaamcmgbwmpslm oqugenaylge trdam

r emai ni g an rocar bons r The t "prinmary
resi derl 2l R drarnh MO T RetP s shmnaton foghE Rradlry )
produce a fmfmmatre: and pr ashekisios! seasing ake abygm @it bf)ltheumrﬁ:lﬁlmﬂcbﬂ p@dsctat the
| ocal conditiorrsdg res ure and % nper at ur e é FZJﬂdl odr nts of the
present di ¥E9°Bs%? db‘EB% flogiaae r‘?"ﬁ%e&c“&%@% ey %10168%% gied for
oxy- f uel cgfgagﬁgglmgtahﬁmgsmlgmgtm ne. Preferred enbodi rrents of the

i nvention address probl ens associated with hi gh tenperature oxy-fuel

conbust i onl008ch 52 thid cbpdisgheiihc frespdiFEyan; & canBIHPT &Y SR s
(PAH s)1;5 V"ﬁ‘hé: Reoh®adiochOsRRet REIGHICHT YRRGHIP R UGN c%pﬁglﬁé)lsﬁﬂﬁa{dtlﬁll

conbusti on products such as oxygen and carbon nonoxide (or simlar products
of i nconpl b:fdéo@dwms@do‘?ﬂ)fbonod@xéi)‘%em%ra}ldehﬂo’m e npitief f@qietozgocorﬁﬁ%sﬂm on

syst em desj C ream
That s i R B e b e e
an oxygen gmﬂcpis‘yors fuck stmagoadfd the roeyigdn@tlarlostEamearwcombmhbtcpfqrmmw canbusgot t 0
produce an_oxygen streams | si.n 02)_.an
carbon di oX\" QXI% é%ﬁ?m avge @ mtgﬁlgéafn a?)r"" ygeﬁ’g{lo SR (?urt ee{ |§1€S 1re(ges a
conbust2oo necﬁm\e]ﬂensé faﬁamleﬁ]ﬁdd as uhe rdvio Sif de, acida efueli-to- dxhﬂze@ mﬂaus ﬂ@l‘stouﬂﬁomd’mc h

coni 1 gur ed /b N g b TR LT RRST B SO R el B £ A G s tosid
oxygenat i oporsuseHBmbErairSeHiisih @t fraxhdry combustion zone; a secondary diluent comprising
substantially carbon dioxide (CO;); and a combustor configured to combust the combustor
inlet stream to produce the primary combustion product comprising substantially water and
25 carbon dioxide, wherein the primary combustion product is mixed with the secondary diluent

to form a combustion products stream having a temperature and a final CO, to fuel ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and other advantages of the present invention may become

apparent upon reviewing the following detailed description and drawings of non-limiting
30 examples of embodiments in which:

[0014] FIGs. 1A-1E illustrate four alternative exemplary control schematics in

accordance with certain aspects of the present invention;

[0015] FIG. 2 illustrates a schematic of an exemplary combustor as it might be

configured for use in the alternative exemplary systems of FIGs. 1A-1E.
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stoichionetric conbustion reaction to forma primary conbustion products
stream substantially conprising water (stean) and CO2. In addition, the
primary cwoizosri4eass WO 2010/ 044958PCT/ US2009/ 055544 pr o®aTiussamasisusmy be
diluted with the secondary diluent to forma secondary conbusti on product
stream [0021] Note, that in sone enbodi nents, a high pressure conbustion
(e.g. greater than about 10 at m)spheres) process may be utilized. The

adi abati c t aturer rjmar 0 stronz an

control | oa BT o STGT Bt FapPhofodebi T el RY BB SR AT Fishin ng
t he oxygenaail® stream The terrper ature of the conbustion products stream
may be controll ed i ndependent l}S obtain the desired tenperature or other
properties of the conbustion p Egéc! EDRDESCRIBIION of { he combustor. As
such, in sme7embadifemliswingh@tSKa tRrpibA stdiohUthe PediBORAILAdiHkEs STNGOr for
measuring the conbustion products stream and 10 t he per cent age anount of
C2 i n thePEnPhUyeitin 45t eetadted 18 comgaiorayithareforer eadediments ddloresdetorthe
tenper at ur g,gf tﬁa'f' ﬁleCme%Hﬁé HQs@nlE’ch‘ﬂqy §ﬁe%1f§tt6 § Qf‘n@ﬁlald&%o%ﬁé&l@ of derﬁ&fleﬁ%%@ t he
tenperature. [0022]1n sone enbodi nents present 1nvention, CO2
oxygen ar eOﬁr’rb@eme&eot rerkgion, thes it eanided m be eree@mpémy @xspgeqsamlsonn@tsrm
{enpor at ur BOgiot i EiHBlloYof e by EKBETBE R, | MBSt BBl R pol N
vari abl e tbmited  thonpacdic ¢nhmdommpoddstiited befowt, et prhedutcinsludés etlhdteuurnbawst i on

Th t d .i ncl : h,ports.t de addi ti
Nl Tr b A M R e 3 R S

i mpi ngi ng [o18jhe Thertist CtoictddmetAd dbinbostiah,”exbadd neris refrst thea syrabstion
include a control s stenlrthat rrgasu es hclﬁzer? t of 20 ydr ocarg16 oi ng

to the conba<iofrhayity & X0'umf & dyIRry LS ac?ﬂ‘?lrl@ﬁt ?/gen
needed for vii@e GPHRYSI RMust BuEO RS E&hbu%t/ 6t 8GMWII br aésl alt bf teevdi@neack
frominstrunmentation on the products of combustion to update the oxygen
suppl y st r Byliegrtons éerﬂrP@rCPe% Veblnengﬁﬂ@nblhse%égr)%& B &tash NP sORERR eved
to provisde digiGPLdeFhoRARY ro&ffbdﬁ&(i/&l&rhlﬁ;% the oxygenation stream A

catal ytic post conbustion step is also optionally 25 provided, which may be
required dg)&é?ﬂdr nghererph épriedy geedabon tlrﬁe 't agr wsed Hgrein. sis (e dneoiequired in a
conbust or. C LY,
combusti on" pr o“gttﬁ)gt;{gsBlls(%ﬁ?éeeaam§ omﬁ%%brtoﬁgg%l&?ea eve%%éXtr ﬂﬂ%bggﬁh‘%g&g\b/%%a ﬂsleeri ous
corrosion b)pdtmbedrsonsmfpweswmmaepbrmﬂe recovery (ECR) facilities.

[ 0023] Sone odi nent of t Jhresent invent

operat i ng MHE0Gy FEEoF bl feBhERa Ml Ma B soBflfER B ey demq
advant &jesdaigntdh ﬁordixsd“hcd $ed1bsylsh '8 gad-orbiex aPpfeered eméodimbodioffeetinvandbudes

conbi ning t conb stron Mel str th the ox tion stream and
Combust | o diFes et P Asthtes” Mo el Lot AR CORDUSIT o uus A o
stream ThgeveRpBWEt dfalfoyelic ARhaex YHRARREILOR gtme@wsvhrmméuetorsber]rfbmdo@r
concurrently conbi ned and conbusted and may 1 nclude a cataly in sone
enmbodi ment &id WWPBP@M@%@W/%@@BMFOE%M yelhaharregh gad tcr»ré%err»aaeri%. on

and rates @rr {ifRRav BfJdQMs ot rne@rﬁﬁetemﬁnﬁn@ﬁ&gd Uﬁet&eﬁlprawle%e&neen%r Nge or
detecting the tenperature and/ or composition of the conbustion product

st r eamZandcarausden sygtemneesizn anglydgs e high cencangratian qgrhonghioxidee CELhestpam; thef 15 uel
and oxygen r t i

ool ohy omen S8 Rb 4P RIS iy G R Sieh Pl uh o0 37 SRAE bty st

di scl osur econdiigutsd ot ichinbigd With athvaprueqry deueatpptb irredicons) oxpgsnaim gtream
conbusti on rner. sy em ma an..p.nt egrat ed
f ur bi ne Opselr%a Illthaglyon ?nls‘)ﬂ% OF\ége%l{ )tand call:]oolnt 10)11&6 é(ﬁ%? ([? % %YIPLEetlc air g T

non-i nt egr stseth ﬁmmelmmnctsra ambexticer fual sttmmnﬁd a (E)Iﬁﬂ)uﬂtmy vemmm the oumbhstmed
with an ind ndent c sor. and hot gas expander, pendr n nth

ommer alur SRR SaR i S MERET S, srrasTe 2 ar A P GEEoR it Sy Ryet din The
met hods anghis wiat @MbubBlc bemblistibd AaRUsttc@ambedahd &tygbhafioh BEELRSE aGABIRAISHKIIYN

efficiency (e,g. reduce the anmount of unburned or partrally conmbust ed fuel
and/ or oxy@t%‘ﬁﬁnogﬁdlcprcwp‘é?&m@r@é‘ft@rl &P @ oI hPPRbYSHPR PP esUEAR e
across a r gng@n@filyl &ashrkm d@vﬁt’ep'@sﬁeang)o%5@6§ | gagddi@pe tp@g%rary ebmbiR8on

di scl osed systens and nmet ods i ncl udes the erxrbrIrty 15 to use a
comerci al gas turbine conbustion can type systemw th an
oxy-fuellco-gencration type of system such as the ultra-|low em ssion power
generation systens and processes disclosled in U S. Pat. App. No.
61/072,292. By controlling the amount of CO2 m xed with the oxygen to form
t he oxygenation stream the tenperature and conposition of the primry
conmbusti on products stream can also be controlled. Application of the
drsclosed systens and 20 nethods may avord the need to develop a new

.y o a e, T\ r . " o




30 conditions is preferred to elimnate the cost of excess oxygen renoval.
100271Enbodi nents of the present invention provide additional benefits. The
present swetermm4assd net hods enabl e an operator or aut oneRCEWSIYSEIFHL O
control the tenperature of the primary conbustion zone separately fromthe
tenperature of the conbustion product stream and control the products of
conbustion, such as limting the anmount of corrosive WO .
product .t REFLF OF Emo BRI e Beorea s CURBULE SO pisaue Fimantahced
oi | recoveppdidt@annper ations, which require the elinnation of such

cor 051 Ve BRTRCToIN i oo S, hRE oo RS 0 b Icty o2

| ow hgag i n%oﬁﬂ-'l(’%tr?os(pﬁetgs)l PrE&Ss hﬁ?rbe‘l&hl&@di cemt ddla®htidTabRanéhpdraigl 1g?§el Scoe
rovided, such as froma lo alit as reservoir or a reservoir after

Er e\élkt hr50ugtrl§marfvr@n§v§t10@n@navr¥@n ﬁ?ét clwa g?f‘éiaw 8W@éttlll? figior aft 62 élﬁl\’é‘%fiwfgtérfhﬁ’ n the
R L A o e O Ot S g
mai nt ai n t bfecapropebe (toeltrpléfrdamdﬁpen@gy @miﬂp@m ithe dsair¢dniemheratwendypshar orepprtigeluct s
stream 10, itﬂ@%&%ﬁf‘s{lgﬁ Eﬂoﬁ?cté‘?[ it $4nd LSS, KL G, hAohPehbbMithdlf, f our
alternative exenplary rol schematics i n accordante wth certain aspects
of E he pr esyawtn tvﬂk/mgllgg@m temmrquae sersot for meEdtﬁn% Ithtbt aombastbmbspmdlgtsen'ptrarayd
system syste i nc oncent r on_car bon.di.oxi de

27t eam 000 T < ol o4 €858 i LB ERSS Brfdtids e BRRAT GO YoM mna
a second didcuasd it teRpeatlf?bf ﬂﬁmﬂ)rxamstnmylgemwwmmm &t deeeomscliO, inwhisehtheray be
conbined with 15 the primary diluent stream 102a to form an oxygenati on
st r eam 106"HRFHES-an oxygen to CO2 ratio. A conbustion fuel stream 108 is
al so provi gad2] Whine Bori®¥mBEdi feh¥p lof SR pisuas iddhdicH, Ioozoindr@ayg@mre(r%ééfﬂa or
may i ncl ude a m xture of |ight hydrocarbons, heavier hydrocarbons, hydrogen
(H2), and Paks & “§adsEs ard el H5ODEFHORN diresde Theiwpemdich§ Binkre WabuPee. A
combustiar (€.8n BR)Q{H%'%W& t& B8hkrol 42 térﬁlgé‘ét% RHRVIHRAy Wb GhRod Prolifk® sREL] er red

enbodi nent i's 20 divided into two par primary conbustion zone 110a and
a burnout gushasola@fer a@t@bww dialpi cgn@@irtm gumwltm of é@enm@cﬁtof |tlecaenmbupieon.

oxygenat i Offh & Eé&ﬁfﬁg% u ut 5/ r}I?cl %@%ﬂr cﬂts t4 ?6%\§ %?d%oi&lgco%%‘ th%%nﬁ)%?b ust

the oxygenation an he primary
conbust i onzaene plcy Ot thtt high d@@pera@deﬁ bﬁmm‘txustmeﬁrm imginging op thanempbustes cauhe nce

time insi dg é]gona(f 1%11%1& o!fl I % C??% eemntlncthédﬁ § ctoH%'l N§1& sas?tf:rn(%hat egéj lflgsttﬁe 3 ée%n}“( not

shown) near equ r| u ions ute 't e es
stream2i thydrdmﬂﬁﬁcgm@ltcy tlda barenistom dnhi dalciitaees tnmﬁnmntrolzsothe Cihflr&b atnﬁbuhﬂbm t he

comeuston,Brodicl 5 kL M. A, SR T 00, Lo e, Anpexpagslen, i e
connect ed {nQtr@nérRaidn Coanthe Grbdicts1dlconttRstdr @ @daXPaReenPhupplyCingamt fldam
11n. The expanded products stream 112b may he split to form stream 113
whi ch may el lgft to ensure the desired combustion 1s “achieved to provide the correct amount of
oxygen to the oxygenation stream. A catalytic post combustion step is also optionally
25 provided, which may be required depending on the hydrocarbon mixture that is used for the
combustor. This catalytic step will reduce the oxygen in the primary combustion products
stream down to the low levels required to avoid serious corrosion problems in the enhanced
oil recovery (EOR) facilities.
[0023] Some embodiments of the present invention include methods of operating an oxy-
30 fuel combustion system to provide the benefits and advantages of the disclosed systems. For
example, one embodiment includes combining the combustion fuel stream with the
oxygenation stream and combusting these streams in a combustor to form the combustion

products stream. The combustion fuel and oxygenation streams may be pre-mixed or

concurrently combined and combusted and may include a catalyst in some embodiments,
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30 least a portion of the high concentration CO2 stream 102 and a secondary
stream 128, which may be utilized for enhanced oil recovery (FOR)
sequest r avpan10/@u958anot her purpose. The system 100 furt h@cTiusedogmsss4at | east
one of a tenperature sensor 114 and an oxygen anal yzer 126 configured to
measure the tenperature and oxygen content, respectively, of the conbustion
products stream 112a or the expanded products stream 112b. Tenperature data
WO 2010/ 044958PCT/ U 2009/05?544 frpn1 &e tegﬁe{aturgjsen or, %ﬁ Is‘%ﬁed to
control thEWNPOW P4 081"“1’?%0“5%’86?18%1?{/ B PIRR T P e A T IIEUl at e

t he tenper ainkibg odfdetebtthgCherbngictaoure phdOU Cdbpsitive amtidl danbultieh Hrodwet katsn of

t he oxygen supply 104 |s adjusted in proportion to the flowrate of the

combust i onH4 byt i (o ot ObRylgeh opbphle rcaﬁgvﬁ@né&%@ﬂ OFKIIY SV SUPHBS | 5

used to adjmgthd dembastRheParstbsemting fsiekiohewt chktiiddsow rate of the oxygen

supply stream 104 to the conbustion fuel suppg% 108 until_a substantially
P

st oi chi Smetl0Pdl conbuseihens i ErPEoEde Provy djsgorye magbeptilisd ip 8 vRriety o, the
system 100, f it dRRE, ihOGdiHI® SoRbGaPE A w AR Ei2hdr&Ystdt® TRPELALINE HaFpORECt ed
to a first flowcontroller 116a for controlling the primary diluent 102a; a
second f| owtegsaied birthies onar@ingom & emeleothbitng mubiwloshpfemstsuppt § now-dntegiatedhi r d

flow contrald & i aﬁ?e?teer Hgﬁ&l A Haﬂ%érv%(f‘ﬁ? ﬁgl@t%ﬁ%lhoﬂl fng en&%ﬁ l%%’ﬁh?e?s%i and

a fourth fl"ow control b for co e secondary ent stream
102b. The emhhatadas comindal Hgrenditd oneale wihporabeesc gnnees, ead tovhar lveridbdespertat ur e
sensor]%14 and .t he gﬁrg senﬁpr %2 tg deternineiﬁh%4§n§ung.g un?urned
oxygen 'n PHREUEBEETT on' 15y BETRYS P84 LS 15y & Ui deRnRmaaeaiy JeRiers

st r eam 11Manighstisecftibioss (BRastie MR insouhoofamblmed ot fuetidlly @ambiistédfacloxygen
supply stream 104. The. 15 central coptroller 115 may al so control the flow
rate of th&YESMbikt PYKide Rraldt (B8R 208 YR "R BRGNS S8 § Tdtedfniotda to
mai nt ai n desiditRes. st oi chionetry as the | oad condition changes. [0030] The

hi gh concentration carbon di oxi stream (or "diluent supply. streani)

de (OO
102 may col28k omPipsicn Perifie pf tel@fﬁ‘ﬁc&%?d potemsadpicghodgincludgsthe Alepigity on of

the diljyent, 40 a?déHPAeYciﬁ@’a@ﬁ%iﬁ@ gorﬁwéti&?ca‘iil%f)é/é%@teﬁ{ R gi M%}’-Fdeﬂ&)-g’ernel%ﬁbﬁ tting
at least a portion of the expanded productsS stream 112b Via recycle stream

113. Howeveis of hestays sl a0BC rlye-loey Foisaipe domengeradionetysisoaage nydcckicyh
concentrat 00,4, (S¢ Cﬂlf. %fptpaﬂlo.eéf/ﬁfg@z 34! &ln'n'afhng%ﬁ St 8f BOY lﬂaigazwﬂl@s
ant, rce. n-a e stream

well, a gas treatnent p or othér so ditron, recyc
113 may i ntkewdggmdndorny haoregenatiautharastha tdnpetagure agd synsiositioh iok éhegprimempr ane,

nol e si eve 5 absorption, adsor.ption, .o t her. st t enpve
oot o e bR e SRS b PonusBfles iphic el Meleio oS ems nd g
or hydr2dcambthnds manavoad thi @eddao developt drewoctyiamoatal fyzegasdabme penestiigtaé t he

expanded produygts stre 112b. has high | evel s of gxygen, then the expanded
product s sP%%gn?§f§Hm§ﬁg%F&mﬁHFCH@Eﬁggdagggggﬁ@FH§H¥,SFer in the secondary
di luent styopas) 10Zhe cShbistorfutidzedioghl deeynalis tofthdspSRICH ekt bydiceea hoass my

al so bc 30 unaccept abl e, depending on the conmbustor 110 and nay need to be
renoved or VEEBAXMEEINH BT FPEIS Terst i AsduiEatombhrent e step@dpmpgopte the

However, i fenipsraRir€f BY the Preddid idvRhfnded, thald ScBef ANNMStIran: REL0KChodtteam
112a has undcrgonc a substantially stoichionmetric conmbustion, so
25 the temperature. Using steam is expensive and would also result in the formation of

additional hydrogen in the products of combustion which is not desired in the present cycle.
By mixing the CO, with the oxygen, it may also be possible to use a more conventional
diffusion type combustor similar to those used in existing gas turbines where CO, would be
used instead of air to cool the combustion liners. Combustion at near stoichiometric
30 conditions is preferred to eliminate the cost of excess oxygen removal.
[0027] Embodiments of the present invention provide additional benefits. The present
systems and methods enable an operator or automated system to control the temperature of
the primary combustion zone separately from the temperature of the combustion product

stream and control the products of combustion, such as limiting the amount of corrosive
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it should have | ess than about 3.0 volune percent (vol% oxygen, or |ess

t han about 1.0 vol % oxygen, or |ess than about 0.1 vol 9/0 oxygen, or even
| ess t harwalkow04@3801 vol % oxygen and WO 2010/ 044958PCTPUSABR@LO55344 | ess
t han about 3.0 vol une percent (vol% hydrocarbons, or |ess than about 1.0
vol % hydr ocar bons, or |ess than about 0.1 vol % hydrocarbons, or even |ess
t han about 0. 001 vol % hydrocar bons. [0031] The secondary stream (or

"remai nder sireant) .128 may be. used for sales, used_.n 5 .another process
equiting. FITGT DoMEadh e TATCr BosoaPbeP et BSh L eBuina b uaheg
into a terct@stusti@®l prefer Mei énhbaded esih aReadroi(EORGCepsedtivn, EOR)ch require the
sequestration, or another purpose. Like with recyc].e stream 113, stream 128
may need t &R EOhEPRSHACPTBAICAY Pebionallys degischas Vg B mediods
cont am nants Aaptt6dnasy i thd KRR SMCHRBlA¥EIdaS KNVIMBIE, 0% YGEReatighl0e |t
is preferred and i ntended that stream 104 includes substantially no

ni trogen, & leshirandOmsEsntiGometbanghficligrsds gionided. syetbat Bemiddpwyduality gas

st oi chi 0MetdliGoif GPPHILAOP aft ST, brefkhiEhhNAY 8y dtERSarddRAIN AR adu t¥OLtEE
percent (vol % oxygen, or |ess than about 1_6 vol % oxygen, or “l'ess than
about 0.1 obdoeexygdn oxygeneiarsticas end/ nasldadygntrede de1anwinge gy aralindicl ess

ol o0y g sERIMTEGREL RE0 bR a o Qhonb e bR AP Blfpsan thestfon HO¢, o

[ 0032] The tGxpgetursapgipdoynpstitieam tiOdhniaytidnepraduwtsisttedn.by an air separati on

it th . t i, di hi gh it ... Th
o B e R e e SR AR Ry b
ni trogen i oyr@ot scbBmidslin asotias@l wisteceriain ddp&ts dfahe prAgIMt inNentioh 11020z, | n

one exenpl nbodi nent, the oxygen, suppl tre 104 may include from
obout 507 v I R S ST o ey gon it ATE HERReial HECARG® SHtoRmy 20
i ncl ude tr aeRidaNOONtsEcoh 102 tHaPBeN baBslit GRb BORad h PXinfiey dilknediRban2£xePl ary
enbodi ment, the oxygen sungy stream may i nclude from about 95 vol %to

about 96 v&I9BbIGBstRRTHOZN G0e 2moxpgen al}ppﬂsbst%aﬁt%swl%iehl 8y be gURbiBgivItes s

than abgut ¢ p?im‘éi%l SRy Bk 02X qGrm ad Satidh @crééﬁ{‘f(%q{avfﬁg Bh BQ;l'éeﬁ‘ ko ddp May
be any type of control systemconfigured to receive data Irnput’s, such as

f 1 ow r at esraind Acevmpostian fvelsstream d 08 sridsogirgriddds whish aeaytbesiomprignd spbstangields vi a,
for exanpl €5 : I be
used t o ady RN eI PRy FOURE ESAQNS: pENch ARG, HEKIE Dyl By

cont r ol | er hydtégemaiH:), rariduidert sgapses gsuakhmm bdasboo odpitier ddpendimgy oughe sourpait A

devi ces such .as, a keyboard and se, user. out put .devices such, as a npnitor
and speakerdmiiich £RERLIPER TR S SatEloghiBY ¥ BRFERai Rt in IRl
connect2®d tioidedido dicpards 4 préx@ary @pinbadibn doievd9a ant i Yok dhé Vi, arainehi3io

dat abases vi a L WAN, W.-Fi, or other external twork. 100341The fl ow
Contr ol | or & P tgpeeiters oash e Phdihlipni it T A00 spd i e Atk oHeed
control | er $0d, Ghix @ €oMibig 88 SxPLASRISINATcoBRRINS fukl SFBabld €106 MU W8 in the
controller 115, and nmay be oEerany connected to fl ow val ves or vanes,
vents, or BtHEY WERHEIB PRI ¥adi hEcurd deer daepnguicredmrisrrposilence time
subst ant i alpie R8s cQHusbf SaMcieAddb t helak! ¥, ndt nﬁ)@&fase&@m ahdt VM3wn) ncar
2010/ 044958PCT/ US2009/ 055544 enbodi nent, the flow controllers 116a, 116b,
118, ard 1g0ilaipnheordpnaigng thearrilete b hobprodads aeiroivite dhp eesprdasn ddessor s,
whi ch may prp tﬁ@b&q&t%{?@ﬁob%tfﬁmh ﬂf%%mbﬁ&ifb? e@écgfc{% SYT%gT#I Y2 £hanges )?Bet he
flowrates of the respective streans contro y the low controfl efs. In
order to n&idning anfdxpawiont dbiidei 111 dng efdeedtibie cohot gis, cipanday Wwhich is

benefi ci al utiliz i 5 troller for an r, all, of
controrl or bl oottt 3o SRFEHe O IS an cRpord pfonl b LB, |
galy bet ant ahd bx&TgéeeIanmoduczssstﬂemc]ﬂ?beﬁyalbmd a_qﬂit td Foemf dtmwrr]aBﬁwtrarbi?hgﬂm f@tﬁn @Edar y
I 1 uen S eam e uncontr.o | N on exe ar e odal nt.. or
exanp! &0t 178 CaRFR Qo iEh RS oRHEPRG D2 AT AT2 Ht SREOTSHE SPadls: Wighoh
gor ts (g. ?magalible ul_ttiilji@ai %@@g_ﬁlfahtc&d bild r@gp@pt(;tEgulb,as{eqmtratQ)Elnoﬁﬁhda_tltaaltpﬁrp%isez.eThet
esl gne (0] rov| ae .al 1 O an contro enperatures 1 n e CO ust or
110. Hence§YSFeﬁbqu %&ﬁ?raﬁ%u%ﬁ af fgest §%%6§%1%We@rqr%eﬁﬁorsltlﬂéawie%eﬁav Y&"

primarily ggpep fredU RO Mndabi@c NRE duRAp&adlRS i R gdnh@oMRNERPRAIKEIS, loh thhe
conbustor 110 and the pressure, tenperature and conposition of diluent

suppl y st r exmbusion piadeits stgaml I1ga o e ckpanded piednes steaemhi@h. deypsreturg dase
useful for shutting off the flow of secondary diluent 102b in case of shut
down, contam nation of the secondary 15-7di | uent 102b, or sone ot her reason
In sone enbodi nents, the central controller 115 may further include two out
of three voting for certain sensors, such as the tenperature sensor 114 and
t he oxygen anal yzer 126. The control system including the central
controller 115 may al so be configured with at | east one safety interl ock

o o T = oy o, v



stream 112a or the expanded products stream 112b to ensure accurate
tenperature readings. Any type of appropriate tenperature sensor nay be
used, al twough/wmiesssensor chosen shoul d have a hi gh resipsrarse@®wsssheat and
be able to effectively operate at tenperatures at or above 25 about 2,000
degrees Fahrenheit ("F) or even above about 2,200 'F. In sone exenplary
enbodi nents of the described inventive systenthO the tenperature sensor
114 may sepd d directly to e r b, or,may. send
data to + nEoEAy g phrbd 1 SR R BBFhid Bhie PhulREE! (e
f1 ow cont r @tdagr 102BGind Ab t@m&t thi @dryperdtine of enp@hetiubtion Iﬁedn&csrstrkalﬁ 1rmzy ahso
send data ﬁlrectl to t he conb%stlon f uel streantflom/cog roller 0, 30
Addi t i onal 9Wa1i"‘}tf ther PHEFY SHORTY t 108 15 ApsHodt tr BrOBRER O 1t ftowyr%taw Bata

frominsi dedihiBtiGPRIBIUSHHAK leOOQ?g%h defdgrax iha UsYecAlanSlOXWR 326 RANRDD akifist their nout
zone 110b after exiting, at nmultiple | ocations along the conbustion

product § sPiogaHPnng fcii@f 85@6!9’1%1@& Hribrierseen etppb/a%ﬁeqrm 284 toothe serbustigmBichat i on

thereof The, LEMRR uﬁﬁwﬁbggnt{ah§st%tc'hﬁ)mlc]c%%fbu?tqu1Q-QC%QV§&]OU| d be limted to
wi thin certal n operating paraneters, which wll depend highly on the

equi pment [00291201 61405 8RGT FU5200ls7 95554100 ﬁtlrth@stencltldte atgpplealghnediebdd? i on
fuel strea t I t he
romi nder - e ARe (hffeclARh i PORTRRAYRE | it e chtBURG Ry HOER: L0y 2
in the pri ameopnat(ﬁlmzms)tltr@lﬂerﬂd&éorldmaolﬁhgmqb)@gemmmw Houatthi®] 80@ chatr@leavoi d

NOx pr and cayse rcia us 1050 n oper at e
Nbove. ddon 48R apS g R aMBEio e uf R R P BERG N euaRar Plop e

mat eri al oéorﬁxhﬁtngaﬂbusdoeﬂarstJcﬂluetansnemﬁrHnb arhdcgiat cheroper awm@ Asdbé her e
IS no nitrogen i tﬂe stem 100. The érrperatureli rHIeranyIessthan
about 2, 50 nﬁ‘tte‘{] s BrBerapEe t%&or&géﬂ OF18°" S8h ?‘l‘? IERPER WYL al so

contri but eof hbhihed bRydR i @B cohbusnsieploiad frebal Mgy 61| th@e ABdRtprédukls dir@ear bons
(PAH s), which | ead to soot production. However tenperature in the

t he
primary cohbistidane hepemeapasmens o B‘eﬁf@hthﬁlﬂ@l"ve‘?ftth%/o’ﬁ’ig@%Sltpélyaitlﬁﬁlﬁ 10 5 kRe

bur nouty,s Waingh éo%ngﬁ’é}et 18¥ndyedd @hirbGnt h@w%ﬁégﬁrﬁlet &)n@@gtdn%blosn@@rﬁ q@8 QR4 t he
tenperature of the reactants entering the primary conbustion zone and the
heat rel eatle @varl auindy siream t1Ié te paeinfaine désifed staachimairys af hiccloadtdopdiipyh t o
effectivel y g nbust substantially all of the oxygen (01) and hydrocarbons
(e.g. stoi cln metric conbustion tenperature) to produce the expanded 15
products st008@m 1Iabhige@uhqehmgiomrcla§boh idtdxtcEdC@@hsﬂteamdnﬁ Tiglubefsopey ﬂtﬂ@ni”h
enhanced ohtzrecover)f e‘() or .82, d uer |a f e RYst m100ft

cases, the pr&fer?8d enhper & ﬁeree fsmt ﬁe BP0 R B odUC 0reamlf a will
be fror0at supphsitreabo 102 @%Fdetr@eatfrdm&mveab@ubr By atF-least af pmmbatofltEast
about 1,600 " ses the ef er

S abat] o pramed el 1P atreene Bl datsTer ta s R Bt r om

at |east 2]0458d 2r EndtReraburd®6t high S6Heiratibh €85, JubP bOMEEK TRl Qigeih&ndvork,
construction and no nltrogen IS present in the conmbustion reactants in

whi ch case? 88 Wyp®r Wellni Banisptpent ek @5 88WT squers3d] rhdtigkyeeRlcatisty 28 126

may be a sifglifc8&NSGhe tﬂg%ehtr]%hé{{j%s adgidrtRNR)sicAL MROS mbRAbrah & dMBRagew, or
an arrg%pof sensors at nul tlp e locations to ensure accurate neasurenents

For exaipl ehsomtiph.updiPiptign.ofr Phph st tovrerepen dotpntiady rdaagaouss engadesielie be
used to pr9 Rt &%ﬁ%@%ﬁ&&@%F%é%fnléﬁﬁycﬁg&t k. Cﬂng LRLIET it dR @:{}%/ Lpr the

oxygen supp stream fl ow control a sensor Is t he
central cosatahakt daterinires ey theeexpanded gtsmde(ds stocadhi tlﬁbrhat highlatlsef @f(ygehethf:mel in

the Conbustﬂeoegipfgn%g(ll p?odugtglr’qlrea%8 115 M 0%1d0 r)l(cx%%nusle ad Q Qi 0&Y 9HL 1%”[89 é’cor?& ryam

diluent stream 102b. Similarly, high levels of unreacted hydrocarbons may also be
30 unacceptable, depending on the combustor 110 and may need to be removed or separated
before use as a secondary diluent stream 102b. However, it is preferred and intended that the
combustion product stream 112a has undergone a substantially stoichiometric combustion, so
it should have less than about 3.0 volume percent (vol%) oxygen, or less than about 1.0 vol%

oxygen, or less than about 0.1 vol% oxygen, or even less than about 0.001 vol% oxygen and
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104 as the oxygen content of the conbustion products stream 112a varies
froma stoichionmetric coefficient below 1.0 to above 1.0. The dithering
process iwWO20md4ars8t o t hose 30 used in the autonotive i RAWALS2§09065544 nt er nal
conbusti on engines. In any case, the oxygen content of the conbustion
products streamis preferably low, fromless than about 3.0 vol une percent
(vol% to less than about 1.0 vol%to |less than about 0.1 vol%to | ess than
about 0.001 vol % .If e ampunt of oxygen is too high, then the flow,sate
of “Lhe oxylih teteyt ey SuRemsinss SO DbBeePousen s (PahatorsA| Fo0L
reduced. | hydrodarbonk, vir $esiretiin labove 10. 1t o fHyarsearbenyper alehl s thas abldus 0109$ edlosbove,
requiring ﬁn adj ustnent of the flow of the conbustion fuel stream 108.

[ 0039] FI G 454908t r at es t he basic exenpl ary system as shown in FIG 1A
but with agdsi) onahe s@BhdaBNRtcanqat Yb@sin8@NEtGET)adS hidy e ub&iefor td1&atkscllin
condition the products streams 5 112a and 112b. As such, FIG 1B may be
best under 3t8d PIICEs re@iERdHgRcangentatipn qasbondiexids, oF eamrraned #d inigelsd Hte  of
the feat ur gso sl AIEDoiMSNCAGSRE il LLochGEDRY, sBitlestatibh NG arlofiEt PESSse2

post - conmbustion catal ysis apparatus 146 configured to reduce the oxygen and
car bon nonbkicaethgeenclerptreim lﬂgétrmrméllﬁ:msy gtadde rrdetdosemgregnditionng peforg use
conbusti on,f s 4 i Af | gﬂgﬁ it a avi ng
a flow con;torlg \éérjy(?%ﬁﬁ% ((?)Otrnliag%ﬁgfngfso Ir%%%{?ll%m{ehngt\%%% g\%"@%% 0 Soltrtﬁg?% (I)ln%\%gﬂ on
fuel bypassisprefeand ddi2inteiided that pgeam dlaihyindas siidGnoaly freniopgmatridibdtystream

connect.ed the fl,ow contr.o]l er, 144 directl r .indirectl| ia the,central
Conm oo, 1i2alS dptiedoh iRl Rl BphErt bR ai Tshedly JaR RS
shown) mayathet 8 @wiuretpdroent €dl%A) BxFieeCorfles tRabadunentvel%eeygnt belecimbust i on

fuel bypass stream 142 is split or stream 1 i s | ooped, as discussed
Further " betts 01501 oRioTE" Lt 4 4t B T g™ 283 vraying s WP rtpe tovi ce
or a pl ur alz(!)ltuyle PErclR\1 6185 NOk, RaIRS tah aBsut I8 1%, NOKL orl 18ss RE & e%batbd.y valysmal |
devi ce requiring onl anount of power to operate. In particular

y a sna 1
the catal y§0% efppysr kbusandeuhti0loe!ls N bon nonoxi de reduction catal yst
and/or @n mygen mgd Hggeﬁ’ Rufiftd @tdst 104Nady bSpd@iaBRbY ¥n ¥S €hatdtiohiedlt (RSOPVeEry
St eam Generators (HRSG's) to neet enissi‘ons requirenments. Such a systemis
general | y ¢oethoopraeass ghexbtand proatanigehigh myatyaerogeit. s Thé senaiatpsinnitrpgan mfy be
significan r Ln:in 9@9 o) 12b,
t he expand%ﬁﬁggo u%?Q%ﬁ%éé%ﬁ%ﬁ?ﬁﬁﬁﬁ§Hﬁggggggﬁﬁgcycegd?%?%ggﬁé%ﬁ%ﬁgggg'ysis
appar at us A Rord/Q7Ba92 ot enb ekan@ary tenbedicenp rtes eggcianabplyn prertre 04 orY
enhanced oil, recover o SUg, i No,sone _enbodi nent s,, anot her, oxygen
oo yser (MSPIERSHOUEOTTo Sondll e WP AR R B e BN o 8 O
ensur e Whainctulie tlaey @adintnofSiitregm 28 ch@8n idsoxsdef flincinethict yxdngvry embxdigent, (e. g.

| ess than agbout 0.5 vol ume percent (vol (1/0),.oxygen or |ess. than about 0.1
voro 1o by ed RBEy oHoBs M a il SR b o S Prip aftut o Bl e Vithg
avoi d sour it 4 RE%s ®SBEMGI vol B YirdoR aBE Ik @ aDXOIEN2 bbIRS cLeoh di®agd. W th the

hydr ocarbons remaining in the reservoir., [0041] The conbustion fuyel bypass
stream (e. §03%ecodtc sertal sAE1!It HAS cBhb BS Py iyRuel caprod sy ¥ey corligurpd o
confi gur ed;d:QvO@ats RN Mt flovl he L XRPOFGASPORIURY Serdit 8RN b I3Rrsomst ream
fromwhere recycle flow stream 113 is divided fromthe expanded product
st r eam2P121tesaiird farsxpple evalish ypupe ra9aNERs ey 98¢ paetherrdstice Rt @ay e yssil o
apparat us 146 $qdnake tﬁeon%%‘i&%%lgx@aémﬂ?)\‘iﬂﬁ&lﬁ%@%ﬁlﬁa r@ﬁ’er%ﬁg%dﬁn&ﬁ& a .
catal ysis apparatus 146 to i nprove oxygen renoval efficiency. However, in
sone al t er pagrawanableh ozinmgent Ipvinghseb ypat degtasesnh 242 hapoard®nd mouse, user
2010/ 044958PCT/ US2009/ Q55544 be.  spl i,t d.intraoduc fore and after the
catalyss Bl SrhE Tae a7 4 mhgE Rl arBlie RAPENEFE-EEuSE, 0% PR

| ooped backRAM)tdnd bteatpataplyi @naqepartathasl did drivds, omticabériveenetwak alrives) and

i ntroduge ortion of ass stream 142 into the EOR stream 128 before
Ioopin;ﬁit33%@%”931?ﬁéhégﬁgR§§FE“8%ﬁ&?§?ﬁ§wiﬁﬁwm%eneficialIy, t he bypass
stream 142[¢0s4jconfThguleed cb@rddlefsetilbae 116, Y8, Wiie PR &Rt inffidOpy@@Rdnhiblé he
ECR stream 128 before conpression and injection ipto reservoir to

subst ant i awta)m%@wt%lﬁs 8 BRcisme; 4 @é@qeaﬁ%ﬁ&l%ﬁﬁrﬂég% FOrRERSHENt Sand
souring t hgndwiely B FFRMIG corRBBENMONTW Rall Qe rivBh&CT @) of HET Mnk of HR4LAL! G
1Cis an illustration of a third exenplary enbodi nent of the systemof FIG
1A, which fagecsrasinayhnBew ok whetantipdy feagpouy slscagl s Adisierpliynin pre ¢4CMPEEY at i on
of the 10 enmbodi nent of FTG 1B. As such, FTG 1C may be best under st ood
with reference to -Ms. 1A and 1B. The s¥stem 150 i ncludes a hydrocarbon
anal yzer 152 configured to neasure the anount of hydrocarbons in the
conposition of the products streans 112a and/or 112b, a high quality fuel
gas supply 108a controlled by a flow controller 154, and a | ow heating

val ue fuel gas supply 108b controlled by a flow controller 156. Flow

A=~ o - B o e Y o A ™~




20 net hane (e.g. about 99 vol,70) and alternatively may conprise a

"spi king" fuel gas such as hydrogen, higher hydrocarbons (C,+) or any

conbi nat iwo 20tvemes8. The conposition of the high qualitycraskoogmasssss ream
108a will primarily vary depending on the needs of the system 150 and the
avai lability of various fuel types, but preferably will not include
significant quantities of inert gases (e.g. nitrogen, carbon dioxide, etc.)

quarity fagroyhged: pEdiastofily TR A6 g HRLu e PEoagii bon b o

pr ef er abl yﬂawahh/abb(ﬁnﬁorsmﬁh 3erReR] Wiich a&y@t@ddtcetddamntu @tadinp@l Aeh at Rawverify
inported froma si n|f| cant |stance Speci fi cal Ily if the stream 108a is
hydrogen, PRy HES PR @T theotrRest et A SPREN o b oPiliRy QORFRY dr ess

performed gRicAtodaSintmOTHAed dtlit atah@%t’fbcftfv@ rtbﬁrcn e@hﬁy HRIHRAMENl @ udlas of high d
(not shown). 30 100441The | ow heating val ue fuel 385 stream 108b may be

conpr i séd &Heeql%%rotlﬁafﬂr%cm@ﬂsbth%m%%@srt&% 116 dd8t4dA2%bout 60 vol %
met hane, ﬁﬁ)ﬁst [t han @it nstd cé!&%o%éﬁﬁd%ﬂ%r b&hn %t’t%fé dRRS aE 'Ei@s%n@&%ﬁov@ Qnyol %
net hane. e low heati'hg value stream 108b may al so I nclude snmall dnounts
of heavi er flpydriscelr tb@r@cgtsi@ty dibicat pagae kb pmmd@n@ncontnolhfdsm ws@@mptahﬁe

car bon 4 ool el HiBiRER khatk bubuad 1 RPRLIBERRE LR ED

will be s rrmlldnclapmltm(teg diﬂutiminthobag)swith hyédrtioglenpasiatrf aindd],oldmta dusignehth o vide

gases. Pref r.abl rocar pns a d. al ot h

oo bon 1 s @R Spirol SaptagS B, ARORFREE, ool BF TP PEE g and
conmbusti on sec&ﬂa%dﬂu&nmﬁaﬁmem Iy e @Iﬂihﬁdiyrﬂﬁpbndehh@oh ltiohaadidare degp@softthon of
the two hydrocarbon 5 containi ﬂﬁ) strgams 108a and 108b are used

cal cul at e” HHERRYGR Petfiiiehe DRTHUES {HRPEHHH 381 89m11°f61°8r?€%8i61r‘e61vi de

the set pobupplyf@earhh@2. OAM&ﬁﬁneﬁlslpﬂ% ﬂotvlc@mratenttw & st usdefof gt B4 fF ON
wi |l provide the amount of ggen needed for a stoichionmetric conbustion in

t he conbustsrilom of seppedary 6\1\15611 02 s of Plytisloyn. eantangngtionff thayecendinge
over the | jfi@nPioZp)er sotad SﬂﬂbrléQsondq{?%Mte RELEMRE, BOULERI bnifoler P AHTS
108a and 108b. For exanple, the low 10 heating val ue fuel gas 108b nm
ori gi nat e furthes iapludoRogal pt thepgivatngion cgyimisnimm sudicrstteniemperaeg jegsor 11

production, 8

et e or P oS A e g BBl ol R E 38 e LORRALPPI OR o,
when br eaktlho bfugjmﬁgu;t@dl wvsth at least bhe:)wfefty omrtohle ahdday shetdowm gagwdnden flaeh ifths
stream 108h {’r%yl[ﬁ)o & glt \ nﬁ%lh pgrtnenet 1&1 | ess than about 20
vol %9 . In PRE eSOtu @ CTOP P PSISCE NS OR e anaracpy eItyuel gas stream 15 108a
IS i ncr®asd3slo adde hydeaoas bons tid rﬁatyebecm’rii)glstsem druedy eﬁlﬂftﬁﬁiﬂyltﬁﬂude a
[0046]FIG ,IDis an illustration of a fourth.exe i ment aqf thc
Gystom of B SOt M0 e of SR dRAT HerHyE G BRsare Brogustt | n
the il ust gadahon 2afor teecxpirded iproaéts ofcall 32b td Bnandadctratd8mpetefire fchdmgsl D may
be best understood with reference to FIGs. 1A-1C.  The system 160 further

i ncl udes a’RY G OHABBARTALR CBIRCIerpe MRRRSIPAYSRer Wainatboueh gbe snts chosep shpulhd

conposi ti opy@ndhigh fdsRWnEORHR drlrbelbi teré@fre@twewﬁéra@é baeh attlttﬁrafe&oabowe o2
makeup supply stream 108c may be conbined with streans 108a and 108b t

gener at2® aa@@hﬁd)gt)|Q%TGPSUEﬁhfgﬁﬁlts(fﬁ)e@n?@@@bﬁ‘é\/ﬁb?g‘t 3-280 b5t akt som1] %e@mm ant
conpositio f t C o the
system 150,9[][1 %Ctﬁ&%r&ggfjwfscﬁécg{be&jhar@ g%‘t%esslg@seﬂ?@g 0] qgﬂg&%tg%b%g%og rﬁ?z (r])?ill a:ygsregé

desi gned sgae ii'trt:m;laltd) $hef(@p: fidve cotmwiosiioboor rody se08 2B tathd centidl cotitotlar Fifel s

t hat have var Lion 10 The t.hpam,l T2y, t from
the expan deglch% %9&5 ?l?ee e?ﬁoﬁ.eZ%@ tgf; ﬂ8¥vl co%tle% 1?8 'the%%f Y’l th ?emé)eratu
100471FI G sehﬁm H4anay hllsmsénﬂadata)maaﬂy F:Y ﬂmuroht’muﬁmnt‘pélaatmamrﬂmdccmanotletotZOt he
syste F FIG |E ma st under,stQod wit

bferonbe (BURPELD” R o e RD LS e HeRt LS e RISt 1B PO B r eam
108 corrpr [ Sdrﬁlglsﬁ)bl h$6 aBdri thé leyhaytcrQoambedas 3@thaﬂﬂrrfbaf b&i@ Hiopxiftde itk )at and
having an injti fuel rati.o: n oxygenation stre m 106 conpri sing
subst ant i amul} ﬁ9@aélﬁn%ﬁ-’tan%: F 5o Prduqtoetprm WRa ped erpepded psrdig SIret £ uel
stream 10818 of EsnOmERAh Ar&irT GREHIRraANE of HENHRSHs | P2af SN 12b GRETBYIST OF
inlet stream 172 havi ng a conbined fuel to oxygen ratio configured to neet
an opt i mal behwitybioeriden ¢WIU@P&W@H&P@6WﬁeHh1P% will agpembpighly o equampcyt
configured to provide an optinmal conmbustion WO

2010/ 044958PCT/ US2009/ 055544 t enper at ur-#)- a secondary dil uent stream 102b;
and a conbustor 110 configured to conbust the conbustor inlet stream 172 to
produce a hot products stream 174 conprising substantially water and carbon
di oxi de, wherein the hot products stream 174 is mxed with the secondary

di | uent stream 102b to forma conbustion products stream 112a having a

e



5 final CO2 to fuel ratio. [0048] 1 n sone exenplary enbodi nents, the

hydr ocarbons in the conbustion fuel stream 108 are conprised substantially
of met harwoant/wkessf uel to oxygen nolar ratio is from alpeuwtus2o/o03ssapl fue
to nol oxygen to about 2.1:1 nol fuel to nol oxygen or from about 1.95:1
mol fuel to nol oxygen to about 2.05:1 nol fuel to nobl oxygen. These nol ar
rati os are 10 approxi mately equivalent to stoichionetric ratios of 0.9:1to
about 1.1:1. In_.additi naI exe dlnents he hydr, ons in the
combust i onmf W& th&ﬂ toéln‘]ior%@% ef‘@ea&l SIS RE %?31‘”%? 3l %BOtS%ttlt he
final C2 h@sfdtelheﬂ’eﬁhhinﬁeﬂsﬁrezfrﬁmm aboutherlf@¢tdrsnol C@ tO nol fuel to about
30: 1 nol or frontabout 15:1 nol mol fue out
25:1 ol %3?10 enerr ﬂt?rtelrlttrrﬁua%aate pHRary ﬁ‘b‘Pb‘éEQn e gha rlts)éltd tecbelie

23:1 mol  Cikut 8 500!°F Liafdield: NbQ%Q&cho@tan& DS sO R XFRERTY c&ﬁ&f&@ﬂrmm t hc
system 170 further includes a high quality fuel gas stream 108a with a fl ow
and a cOnpENeS AETAIHARoFQSHBALTPRIEYIEP Rt thirelimigaiiongpayeenict bigherdf the n@?tﬁrrrabw and
conposi ti opg ﬂer&nﬁauttblgtﬂupemeratt@tat AL RnIFRIEHR S &Y 1;91%%19 hijgyped to
conbine with the high quality f as stream 108a and the eating

val ue 20 foetengéﬁﬂ st Thsatemposiyre @' p@ aratilhdese ghasu gbdud 2, 500 atstheeatnt mahend
maintain a i " r t tream
108, Addi { PO ol i e eberkes o Bl d 3 SRERIG LIRS |

fl ow and angqphsmnmomn:Hm@oanhngNPAHhﬁewmpmkmdmoemﬁ1mmkmﬂg1sHoeawxhﬁ@a

with a ro osition configured.to co n e, ox supply
ot r oam 2ot RePePs it FE Peyperae oo CrE s seSl B et e S XAE R
exenpl ary emhodrwmommcbhebﬁy@hEﬁngﬂ@oaﬁgn&¢ooahhmtmmﬂkmd&swﬁmmhmaSMHhae
tenperature sensor 114 configured to.measure the tenggrature

f 1h
conbust i on"PrEUUCHETES A RTTIYaCUMIPE EXSatitethe 1B ifiTes §Yﬂ1@§1ﬁ1 }ﬂfg g% and

optionallys Bﬁﬁc Rl 108 QU G EcishtlyeRph &/ dfeci@y 8bhbdsh @b%ﬁﬂ%l&aaﬂltﬁﬁh@oxﬁg%
streans 11 or 112b are used to calculate the flow rate of | east one of

the high c@rzé ant hurecgrbone griichigmstriceambre g teppraatpicy o Pgod% H\f’éﬁt’%ﬂ&?‘i‘ on
CO2 mekguppRiih@ai-A%q2n ?élﬁhr{n@%nﬁﬂﬁﬁ’t%%b{dt%ﬂlh’gﬁ@fox%tu"s@f’ﬁanEQ{EE‘d ol RcbRgYl ate

t he tenperature of conbusti on; | east one oxygen anal yzer 126 configured
to nmeasur e(BGR) emswndilugnt @%%@ﬁtehhlqon eFat oo siasdsotie ofefertrd tompeivtosoisthe eans
112a and/o 0,

120 1120 (sl YORERl e M, i RUAERD 1 SO PLOA ISR 30T 104
t o achi eve’Koabserant least IaymstlcﬁOG KF doret mps abautid P90i°Bn;Foandnyatasks dist prg¥rred
2010/044958&3@;1tl 289 /05? ﬁA o] H1E¥d%o%arbon atrlte}1 zer. . %? c%pgl reqséo
measur e t h& &iotn 8€q¥e rocarbonsitn Fhe“? ﬁ%d%r(tgn of Fﬁb pr Buct'3

st r ean®01 1%Fatohl Rost Wr"e |unlet;shelpajmd| ntateoihlshy doroaactivanad no nitgercoppasittin on  of
the products streans 112a-112b is u e.the flowrate of the
oxygon_ supBRyoLPRERRIToR: 5 GRnp vk T Be T B 6 bBReh onet v ¢

combusti on[o38e SYEE MY een bldyABY26SP bt BGIngliescAsodasayt MehiOeddddhahaibdlg a

| oad and a_| oad controller 111 confrgured to nmeasure the | oad, wherein the

| oad neasufEreRdaney. 8 ap 2Fey HEERIOR 4 MIKEPIE DTHIRa i FIRIE FBTEX YRR as

the | oad chaneaaptelg)?ﬁéaﬁt 6f lagabldh bHS4dBLRSziR0RE ttgr@ﬁgog @l b@msswermbaae/
conbustor as it m be configured for use in the alternative exenplary

syst eng?Sof forqtask tqmmthemeneﬂ@hntrcﬁteol 1pangi(pr theyoxiyecthwipply whersn Spysantiglich
reference iﬂ; Fllf% dlar%ﬁﬂalsgnso-]r_hse%s%&) rméj §én%l &%ﬁoﬁ@ 129 Qn g%@%hﬁ edatofcflthéilthén X

zone 202, a second mXx zone an tnitia h tenperatutre primary
conbustionﬂwonéﬂzdﬁﬂhaﬂbupmbmmoz@w@mﬁﬁﬁrﬂandﬂopmvgmahﬂkue@gﬂn@pﬁvmoﬂnn

nozzl es 20384 and 208b pdugct tre [l |on
products s reanﬁT éf?gal(%nw ugg f%nﬁuipﬁa d%%%ﬁggr?gﬂ’zoﬁgﬁgdéé

that in sostmcmmmmicaroyffembobhldme ntlsto ﬁ)o{m gh. [’iﬂteslﬂhdfrﬁtg process is similar to those
30 used in the automotive industry for internal combustion engines. In any case, the oxygen

content of the combustion products stream is preferably low, from less than about 3.0 volume

percent (vol%) to less than about 1.0 vol% to less than about 0.1 vol% to less than about

0.001 vol%. If the amount of oxygen is too high, then the flow rate of the oxygen supply

-11-



15 conbustion process (e.g. greater than about 10 atnospheres) may be
utilized. [00521The first m x zone 202 is configured to mx the primary

di l uent swoearwva@®a with t he oxygen supply stream 104 t @Crarsaooiosss44
oxygenation stream 106. The second m x zone 204 is configured to m x the
oxygenati on stream 106 and the conbustion fuel stream 108. In one

enbodi nent the streans 106 and 108 may be pre-m xed in the second m x zone

204 dth 20 th nbust 2 I
2ot har eniBarouH: S S hOUL AR b T i BT s8R e i ng
zone 204 anduiring apadji@mynt@d HaUin eMhe@mtbuitn fovettap188)d occur

concurrent| as in. a diffusion hurner type of arrangenent. Th

conmbust i on[“ﬁg%]e 2655 %Flh’dgéte%l Lhaﬁlérexe g]flTyaﬁ‘étema??dﬂ‘gWQ 18cfr]rgu§grg ‘E’%&ctl on
itself, whhddtiddaD Gpaesl tERurBO boriTpRrtd Cib Sfufthdraadat 3d dondlitd MUIPRSictsZPREM06
del i vers the secondary 25 diluent stream 102b to the conbustor 110 to

regul at & t hEaagdddeht @ﬁéu@r FGel B Byp s Pett undastaeawith ecferspasie flGnl 4r dBeict s
stream 112§yste%9%3iﬁélﬂde%%ﬁ%f ﬁfé%@é a’ls&&*é@qlnﬁ‘%&fp&t% Fid18 ACBURE R inchRs T he
bur nout zone onprises one of a passive ution zone havi ng a series
of hol es c@mfostgq@n@dstm @é@yswannpacﬂli@né% cordiguradeto wilugehthe conrbers et carbon  an
active dil i e

actively ciiphgRse et 3 0ol Sl B AINAR MR S PN S5 00 1o
t he conbusttoamli4? with aiffowwinklm ¢qu>oputmmancyhmgw ﬂbwcmnmlbad ud4 sorstonealim@12; a

series Qf staged guench ports t tivel ate tur attern
i ouartdt iRt S8R sB3hTol bt BN SRl ShhfnbBRF A AR B e
bur nout zoagraf6lymeghnkdied usleha fmIWeSSMfOGEleIt rlamsﬂmete}r obrinditdogy \sensoOedk t 0

nonitor and neasure p sure scHIat o nthe copbust 10, WhIC V\D
2010/ 044058PET isb00TRasH 158 SnEPl apd PradD HRBRBSL ORI gai Do

anal yzer (pQhir&hRWttaiiBypedtis @miBediieeds wzl@ek ihe doh®ugRAtUatBhask1dci@ 1a2QYi de
anot her input to the oxygen feedback | oop. n0054]ln one exenpl ary

enbodi ment SIB¥ f HeaRdAB by lemrcdett dischsepd BWBRRDEIa%e conbustion fuel streans
108a and 1Qkojmay THE cht k&@%;fa?gud P4§§19§'B@taesn{g@@€é\€§e SOBauae, eP8Ridbat are
5 configured based on the vo | ow of the Tespective stream or m xed
and i nj ect pafalipd onsaricx.dut Bani¢feablyi aoﬁmadifdeme resringsnonshalbmeymnt eGpava@ 3o

t hrough a e tream
106 and ¢ neearp L HBRLAE b SRk RGATE R hAONCh cplblR EIRRAARNNE (3
to maintai cataysnand/mjm axly@bmductldﬂ ety st elrapm mmmaby ased ih [FeaeRsdoabriyl Sttayn t o
conbust  al en rat8r a([ l%/S(? to C theemggﬁ ene {urr] ns O)é}i enat Iston st r%g‘rr;ﬂly nof
(e.g. a st et ric reacfn%nls pre?@rre rr%'g?“rsne%etlng va ue

t he ox;@@enéftslgnad sl eeant Loe MasnBof begieh ngit wfadlgiﬁﬁicahhendmg;mf@uggmtrymimedl gas

stream 108 rel ativel igh v Ieat 500

a1 4o ¢ e v podues st iabote St Sed it P iatatie gege
BTLI/scf) amshghhee tomydieaipaingisvak weoré tah ogasbbreaicdfBRshasnd idj@at fovel y
| ow heating value (e.g. from about 150 BTU scf.  to about 450 BTU/]sef% 15
[ 0056] The @&%@é@&rreﬂmﬁﬁ(})%e 5 Suqha Horapg cabedineats, 950 e¥Fen aralyasy (98 a
cust om zeds&kmgwyfue%e@éarmﬁ HRI cataSAMPh S8 1O 148 RO LAL RIS BOMPUSLR kirtaPeS

i nclude an oxyC aus burner, a partial oxidation (PDX) burner, auto-them al
ref or miZdg MWrRsubigiondy lovaﬁ)dox:ra@ fous: Bish Ehapiabeus 9 Sovplepiberedns 0] %NSt ¥eCh Rat
each burne f ially
D) st eam S B R o A R R e oA i B a 3R O
and nozzl esv02®8aurfargd the0Bbermeiy byeingastifig geyeul thet wiux redse vainbhgs hydsocafhwes
stream 108 an gnntl e pxydenation stream 106 in a highly turbulent manner to
ensure a hono ous  mxture is achieved. During operation, the primary
conbust i on[(l!)én]e 20be porablusces fick ppasa b ida@s (P sé@nahmtttonmfzm c@nbudfidh fitche

expect ot 2ud oGS Pl oy baogoER ot B Bre R adiho st doni 06,

Qddi tional damggcéé}ngaﬁn Rk f&yclé)elown%tfe@ﬁhulim 1SVﬂ1ialdE@5r0ﬂU&l§r e;&{s@hc}]edoﬁroih}w
ur nout zone enerati g sort. o gas envel ope to eept e Wwa
t he corrbus?tberamllllégn%}’fda%lp delly dttrodneed wopigcan tigr thpeptalysss dpare dAp e Hpt

enbodi nent thetah&tl@ﬁlﬂ|h5rﬂx%c§r§>d§1@@ﬁay19e2@sem tHREcasl¥sisPRBekaRE 10Y & BRAHROBS kO
m nimzc soot formation, if necessar I n anot her exenpl ary enbodi nent, thc
conbust i onremoval efficiency. ‘However, in some alternative embodiments, the bypass stream 142 may
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30 takes place at higher than atnospheric pressure, such as above about 10
at nospheres. The reaction generates water (vapor) and carbon di oxi de as
shown by wbeomgdaessons bel ow (the carbon di oxi de ent eri mRgTiUseoOl0sIEr
generally remains unreactcd): CH + 202 - 2H20 + CO2 WO

2010/ 044958PCT/ US2009/ 055544 100581FIG 3 is an exenplary flow chart of a
net hod of operating the systemof FIGs. 1A-1D. As such FIG 3 may be best

under st ood, wi t f.e ce A-1D. ns .at.. bl ck
e st 000, L) S B SESH hesnRa kA T reh P PR Dl
oxygen f] upwhyrfesliermrl&én 188 I pedbdaliss tlﬁmatﬁ}yeﬂs apﬁmfmﬁoﬁma\ymerbemdﬁceach 5
stream has a wrate. an npositio |tt 306

concent r at {% ‘ﬁ“@%ﬁe S{ROLinn ?Ld; f?}‘ﬁaés T3y ﬂ‘&r%}% %%g loghipe4t
secondary gicdkUenhe &dtd19aMpaddis, 146aC Behandiang, ﬁlefH Wsrsﬁréeﬁn 138jiU&dniiBge8@8 t he
primary diluent streamflow rate independently of the overall flow rate of

the higR cBREEnticatqlyhc eoEcat pleamiece dhdhhilbRR 3rern HES hefaipcpmarsuehendt r eam

102a and t fg. Ay ang aw&&lvxlr%rﬁm&%ﬂ ta@ofdowosfm O HGRAGH 108 S RRMbA €. 9-
"synthetic air") 106; conbusting { the oxygenation stream 106 and the

combust i onequighens @mcb@m’lng)@e hmdracq@iqummlmomb@ IngastigmreseridiDa of t he
compust or @1119 HE O FRS. WC%S%H’@%%% ”ofpartﬂﬂ‘ét'%%e?n %ﬁl%(#l?ﬂ%ﬁt c\’f'tflé‘ hedmapat ur e

and a conposition; sensin e oxygen c st|on
product s sﬂAeaﬁmdhlﬁay andlaadpmtsinclmge K1i 15 Pedmrej Idmﬁwlasat en gh¢ 1ﬂ11rwranmygérthsuppl y

stream 04 untj st1on a tantia

St or am BrraciPidimed 37 FEC TS AL SaPERES b BT ARG BREE IEFISS e

met hod 3001Anad mEeshs eysdni §5Bibdlutidren tti;elmmﬁfoah angyt lsh@nﬁgm’ew_sd menumrtbﬁluct s

T00a 1o T oA 8 PSR AR BTS h ALS TG o i Han dadlar 3R« et °&™

t enper at ur gualityfuengs gﬁwﬂlm%m&m bgﬁtﬂm(inﬂ&'lé#dsfﬁ At Lo hedind Blud ﬁfé@r tion

of the conbustion pro ucts stream 11 to an enhanced oil recover FOR)
d??sa%e

process. 2&ExARPYHE8D ropmdledhine e sontallyr §36s Bleveprirelbindse inay

provideg i gofnb&ed %bﬂhg% @r%ba%‘brﬁ%a AP dr rE%ﬁbeSEJn%@&&l el dhddl @bRRSICET ages
of production in a S|ng gas productlon fiel or different gas production

fields. Tabl® Thoflovicaeolispeldid 136, ond entaneBynd b may dapaitivaly evmneeedt 4or a
ot Lon il A ) 005l RLGEUCH gy A
via oxygen supply controller 118.
[0043] The high quality fuel gas strcam 108a may be comprised of substantially pure

20 methane (e.g. about 99 vol%) and alternatively may comprise a “spiking” fuel gas such as
hydrogen, higher hydrocarbons (Cs+) or any combination thereof. The composition of the
high quality fuel gas stream 108a will primarily vary depending on the needs of the system
150 and the availability of various fuel types, but preferably will not include significant
quantities of inert gases (e.g. nitrogen, carbon dioxide, ctc.) or acid gases (¢.g. sulfur dioxide,

25 hydrogen sulfide, etc.). High quality fuel gas stream 108a may be from any reasonable
source, but is preferably available from a nearby gas production field rather than imported
from a significant distance. Specifically, if the stream 108a is hydrogen, it may be provided
from an auto-thermal reforming (ATR) process performed on a gas production stream from a
nearby production gas field (not shown).

30 [0044] The low heating value fuel gas stream 108b may be comprised of less than about
80 vol% methane, less than about 60 vol% methane, less than about 40 vol% methane, or
even less than about 20 vol% methane. The low heating value stream 108b may also include
small amounts of heavier hydrocarbons such as ethane and propane. In most cases, the

majority of the remainder of the stream 108b will be inert gases such as carbon dioxide, but
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in some cascs, there will be small amounts of nitrogen, hydrogen sulfide, helium, and other
gases. Preferably, all non-hydrocarbons and all inert gases other than carbon dioxide will be
separated out of the stream 108b prior to mixing and combustion.
[0045] In one exemplary embodiment, the flow and composition of the two hydrocarbon
5 containing streams 108a and 108b are used to calculate the oxygen requirement to operate the
combustor 110 and provide the set point for the oxygen supply flow controller 118. The
calculation will provide the amount of oxygen needed for a stoichiometric combustion in the
combustor 110. The flows and compositions of the streams may change over the life of the
system 150, depending on the source of the streams 108a and 108b. For example, the low
10  heating value fuel gas 108b may originate from an EOR well having a high methane content
in early production (e.g. above about 80 vol%). In such a case, there may be little or no flow
through the high quality fuel gas stream 108a. However, when breakthrough occurs, the flow
from the low heating value fuel gas stream 108b may comprise very low methane content
(e.g. less than about 20 vol%). In that case, the flow from the high quality fuel gas stream
15 108a is increased to add hydrocarbons to the combustion fuel stream 108.
[0046] FIG. 1D is an illustration of a fourth exemplary embodiment of the system of FIG.
1A, which may or may not include the features disclosed in the illustration of the
embodiment of FIGs. 1B and 1C. As such, FIG. 1D may be best understood with reference
to FIGs. 1A-1C. The system 160 further includes a high concentration CO, makeup stream
20  108c with a flow and composition and a flow controller 162 operatively attached thereto.
The CO, makeup supply stream 108c¢c may be combined with streams 108a and 108b to
generate a combustion fuel gas stream 108 having a substantially constant composition over
the life of the system 160. The approach is similar to the system 150, but the physical
characteristics of the combustor could be designed specifically for the composition of 108
25 and still burn fuels that have variable composition 108b. The CO; stream 108¢ may be split
from the expanded products stream 112b or originate from another source.
[0047] FIG. 1E is an illustration of a fourth exemplary embodiment of the system of
F1Gs. 1A-1D. As such, FIG. 1E may be best understood with reference to FIGs. 1A-1D. The
system 170 includes a combustion fuel stream 108 comprising substantially hydrocarbons
30 and carbon dioxide (CO;) and having an initial fuel to CO, ratio; an oxygenation stream 106
comprising substantially oxygen and carbon dioxide (CO;), wherein the combustion fuel
strcam 108 and the oxygenation stream 106 are combined to form a combustor inlet stream
172 having a combined fuel to oxygen ratio configured to meet an optimal equivalence ratio

and a combined initial CO; to fuel ratio configured to provide an optimal combustion
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temperature; a secondary diluent stream 102b; and a combustor 110 configured to combust
the combustor inlet stream 172 to produce a hot products stream 174 comprising substantially
water and carbon dioxide, wherein the hot products stream 174 is mixed with the secondary
diluent stream 102b to form a combustion products stream 112a having a temperature and a
5 final CO; to fuel ratio.
[0048] In some exemplary embodiments, the hydrocarbons in the combustion fuel stream
108 arc comprised substantially of methane and the fuel to oxygen molar ratio is from about
1.9:1 mol fuel to mol oxygen to about 2.1:1 mol fuel to mol oxygen or from about 1.95:1 mol
fuel to mol oxygen to about 2.05:1 mol fuel to mol oxygen. These molar ratios are

10 approximately equivalent to stoichiometric ratios of 0.9:1 to about 1.1:1. In additional
exemplary embodiments, the hydrocarbons in the combustion fuel stream 108 are comprised
substantially of methane and the final CO, to fuel ratio is from about 10:1 mol CO, to mol
fuel to about 30:1 mol CO, to mol fuel or from about 15:1 mol CO, to mol fuel to about 25:1
mol CO, to mol fuel or from about 20:1 mol CO; to mol fuel to about 23:1 mol CO, to mol

15 fuel
[0049] In at least one exemplary embodiment, the system 170 further includes a high
quality fuel gas stream 108a with a flow and a composition; a low heating value fuel gas
stream 108b with a flow and composition; and a high concentration CO, makeup stream 108c
configured to combine with the high quality fuel gas stream 108a and the low heating value

20  fuel gas stream 108b to form the combustion fuel stream 108 and maintain a constant initial
fuel to CO; ratio of the combustion fuel stream 108. Additional embodiments may include an
oxygen supply stream 104 with a flow and a composition; and a high concentration CO,
mixing stream 102a with a flow and a composition configured to combine with the oxygen
supply stream 104 to form the oxygenation stream 106.

25  [0050] In yet another exemplary embodiment, the system 170 additionally includes at
least one temperature sensor 114 configured to measure the temperature of the combustion
products stream 112a and/or expanded products stream 112b (and optionally the hot products
stream 174) wherein the temperature of the streams 112a or 112b are used to calculate the
flow rate of at least one of the high concentration CO, mixing stream 102a, the high

30 concentration CO, makeup stream 108c, and the secondary diluent stream 102b, to regulate
the temperature of combustion; at least one oxygen analyzer 126 configured to measure the
amount of oxygen in the composition of the products streams 112a and/or 112b, wherein the
amount of oxygen in the products streams 112a-112b is used to optimize the flow rate of the

oxygen supply stream 104 to achieve substantially stoichiometric combustion; and at least
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one hydrocarbon analyzer 152 configured to measure the amount of hydrocarbons in the
composition of the products streams 112a-112b, wherein the amount of hydrocarbons in the
composition of the products streams 112a-112b is used to optimize the flow rate of the
oxygen supply stream 104 to achieve substantially stoichiometric combustion. The system
170 may also include a gas turbine 111 having a load and a load controller 111° configured to
measure the load, wherein the load measurement is used to maintain the combined fuel to
oxygen ratio as the load changes.

[0051] FIG. 2 illustrates a schematic of an exemplary combustor as it might be
configured for use in the alternative exemplary systems of FIGs. 1A-1D. As such, FIG. 2
may be best understood with reference to FIGs. 1A-1D. The combustor system 200
comprises a first mix zone 202, a second mix zone 204, an initial high temperature primary
combustion zone 205, a burnout zone 206, and optional fuel injection nozzles 208a and 208b.
The hot products stream (or “primary combustion products stream’) 212 is produced from
primary combustion zone 205. Note, that in some exemplary embodiments, a high pressure
combustion process (e.g. greater than about 10 atmospheres) may be utilized.

[0052] The first mix zone 202 is configured to mix the primary diluent stream 102a with
the oxygen supply stream 104 to form the oxygenation stream 106. The second mix zone 204
is configured to mix the oxygenation stream 106 and the combustion fuel stream 108. In one
embodiment the streams 106 and 108 may be pre-mixed in the second mix zone 204 and then
directly flow into the primary combustion zone 205. In another embodiment, which is
referred to as non-premixed, the second mixing zone 204 and the primary combustion zone
205 overlap and occur concurrently, as in a diffusion burner type of arrangement. The
primary combustion zone 205 includes a burner, a flame, and the combustion reaction itself,
which produces the hot products stream 212. The burnout zone 206 delivers the secondary
diluent stream 102b to the combustor 110 to regulate the temperature of the combustor 110
and the combustion products stream 112a.

[0053] In some exemplary embodiments of the combustor 110, the burnout zone 206
comprises one of a passive dilution zone having a series of holes configured to cool and
quench the liner of the combustor 110; an active dilution zone having at least one quench port
configured to actively deliver at least a portion of the secondary diluent stream 102b to the
combustor 110 to mix with the primary combustion products stream 212; a series of staged
quench ports to actively control a temperature pattern through the burnout zone 206; and any
combination thercof. In addition, the burnout zone 206 may include a pressure transducer or

other sensor 210 to monitor and measure pressure oscillations in the combustor 110, which
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arc a sign of flame blowout. An oxygen analyzer (not shown) may also be included in the
combustor 110 to provide another input to the oxygen feedback loop.

[0054] In one exemplary embodiment of the non-premixed arrangement, the combustion
fuel streams 108a and 108b may be introduced in separate nozzles 208a and 208b that arc
configured based on the volume flow of the respective stream, or mixed and injected as a
mixed combination of the combustion fuel stream 108 through a single injector.

[0055] The combination of the oxygenation stream 106 and the combustion fuel stream
108 in the combustor 110 is configured to maintain a minimum adiabatic flame temperature
and flame stability to combust all or nearly all of the oxygen in the oxygenation stream 106
(c.g. a stoichiometric reaction is preferred). In terms of heating value, the oxygenation
stream 106 has no heating value, the high quality fuel gas stream 108a may have a relatively
high value (e.g. from at least 500 British thermal units per standard cubic foot (BTU/scf) to
about 950 BTU/scf) and the low heating value fuel gas stream 108b has a relatively low
heating value (e.g. from about 150 BTU/scf to about 450 BTU/scf).

[0056] The combustor 110 may be a standard external combustor or may be a customized
or modified combustor. Examples of applicable combustor types include an oxyClaus
burner, a partial oxidation (POX) burner, auto-thermal reforming (ATR) burner, and gas
turbine diffusion combustors. Note that each burner type may require some modification to
work with a substantially CO; strecam.

[0057] In one exemplary embodiment, the second mix zone 204 and nozzles 208a and
208b may be configured to mix the combustion fuel stream 108 and the oxygenation stream
106 in a highly turbulent manner to ensure a homogencous mixture is achieved. During
operation, the primary combustion zone 205 produces temperatures up to about 2,200 °C.
With the addition of the quench gas 102b, the combustion products stream 112a is expected
to be up to about 1,400 °C as it enters the burnout zone 206. Additional quench gas 102b
may be introduced via the outer wall of the burnout zone 206 generating a sort of “gas
envelope” to keep the wall of the combustor 110 notably cooler than the flame 205. In one
exemplary embodiment, the cooling stream 102b may be stripped of hydrocarbons to
minimize soot formation, if necessary. In another exemplary embodiment, the combustion
takes place at higher than atmospheric pressure, such as above about 10 atmospheres. The
reaction generates water (vapor) and carbon dioxide as shown by the equations below (the
carbon dioxide entering the chamber generally remains unreacted):

CH4 + 202 = 2H20 + C02
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[0058] FIG. 3 is an exemplary flow chart of a method of operating the system of FIGs.
1A-1D. As such, FIG. 3 may be best understood with reference to FIGs. 1A-1D. The
method 300 begins at block 302, then includes providing 304 a high concentration CO,
stream 102, an oxygen supply stream 104, and a combustion fuel stream 108, wherein each
5 stream has a flow rate and a composition; splitting 306 the high concentration CO; stream
102 into a primary diluent stream 102a and a secondary diluent stream 102b, each having a
flow rate; adjusting 308 the primary diluent stream flow rate independently of the overall
flow rate of the high concentration CO, stream; combining 310 the primary diluent stream
102a and the oxygen supply stream 104 to form an oxygenation stream (e.g. “synthetic air”)
10 106; combusting 312 the oxygenation stream 106 and the combustion fuel stream 108 in a
primary combustion zone 110a of the combustor 110 to form a combustion products stream
112a with a temperature and a composition; sensing 314 the oxygen content of the
combustion products strcam 112a; and adjusting 316 the flow rate of the oxygen supply
stream 104 until the combustion products stream 112a is substantially stoichiometric using
15 the sensed oxygen content. In one embodiment, the method 300 includes sensing 314 the
temperature of the combustion products stream 112a and adjusting 316 the flow rate of the
primary diluent stream 102a to regulate the temperature of combustion using the sensed
temperature. In one embodiment, the method includes directing 318 a portion of the
combustion products stream 112a to an enhanced oil recovery (EOR) process.
20 EXAMPLES
[0059] Some exemplary gas stream compositions are provided in the tables below as
examples of gas streams at different stages of production in a single gas production field, or
different gas production fields. Table 1 provides specific stream compositions and flow rates

for a production well at or near the beginning of production.
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Stream Stream  Stream
Component 104 108b 108a
02 95.59% 0 0
cO2 0 0 0
CH4 0 0 100%
CcoO 0 0 0
OH 0 0 0
H2 0 0 0
H20 0 0 0
Ar 4.26% 0 0
Misc 0.15% 0 0
Total 100.00% 0.00% 100.00%
Pressure
psig 300 300 300
Temp (deg
F) 755 500 160
LB Moles 13474 .1 0 6464.1
Flow (Ib/hr) 436010 0 103425
Table 1: Start-up
[0060]
well after CO, breakthrough.
Stream Stream  Stream
Component 104 108a 108b
02 95.59% 0 0
CcO2 0 88.16% 0
CH4 0 521% 100%
C2 0 2.76% 0
C3 0 1.25% 0
CO 0 0% 0
OH 0 0% 0
H2 0 0% 0
H20 0 0% 0
N2 0 1% 0
Ar 4.26% 0 0
Misc 0.15% 1.77% 0
Total 100.00%  100.00% 100.00%
Pressure
psig 300 300 300
Temp (deg
F) 755 500 160
LB Moles 13474 .1 136739.7 171.8
Flow (Ib/hr) 412653 5639146 2748
5 Table 2: Post Breakthrough
[0061]

Stream
102a
0
76.23%
0
0
0
0
16.99%
6.78%
0

100.00%

300

540

143859.5

6282874

Stream
102a

OC O OO OO OOOOOO0o

0.00%

300

540
0
0

PCT/US2009/055544

Stream
112
0.44%
61.83%
0.00%
0.85%
0.12%
0.09%
30.42%
6.34%
0%

100.09%

250

1701.7
163798
6822309

Table 2 provides specific stream compositions and flow rates for a production

Stream
112
0.014%
64.15%
0.00%
0.00%
0.00%
0.028%
0.004%
0.236%
31.02%
0.84%
0.40%
3.3%

100.00%

250

1701.7
150386
6054547

While the present invention 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 invention is not intended to
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be limited to the particular embodiments disclosed hercin. Indeed, the present invention
includes all alternatives, modifications, and equivalents falling within the true spirit and

scope of the appended claims.
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claimed is: , high concentration carbon dioxide (CO,) stream;

5 at least onc CO, flow regulation device configured to adjust an overall flow rate of the
high concentration CO, stream and split the high concentration CO; stream into a primary diluent
stream having a flow rate and a secondary diluent stream having a flow rate, wherein the at least
one flow regulation device is further configured to adjust the primary diluent stream flow rate
independently of the overall flow rate of the high concentration CO; stream;

10 an oxygen supply stream having a flow rate;
at least one oxygen flow regulation device configured to adjust the oxygen supply stream
flow rate;
a mixing device arranged to combine the primary diluent stream and the oxygen supply
stream to form an oxygenation stream having a flow rate and an oxygen to CO; ratio;,
15 a combustion fuel stream having a flow rate and a composition; and
a combustor consisting of at least a primary combustion zone and a burnout zone,
wherein the combustor is configured to mix and combust the oxygenation stream and the
combustion fuel stream within the primary combustion zone at a flame temperature and a
primary residence time sufficient to produce a hot products stream at about equilibrium
20  conditions.
2. The system of claim 1, wherein the combustor is configured to dilute the hot products
stream with the secondary diluent within the burnout zone to form a combustion products stream
having a lower temperature than the hot products stream.
3. The system of claim 2, further comprising:
25 a control system, comprising:

a first controller configured to regulate the flow rate of the oxygen supply stream
in proportion to the flow rate of the combustion fuel stream so as to produce near stoichiometric
combustion in the primary combustion zone; and

a second controller configured to regulate the oxygen to CO; ratio of the

30 oxygenation stream by controlling the primary diluent stream flow rate to produce a primary
combustion zone flame temperature configured to provide: an adequate margin between a
combustor average velocity, a blow-off limit of the combustor, and the primary residence time
within the combustor sufficient to produce a combustion products stream at about equilibrium

conditions.
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confi gur ed t oThypass dfieRirt onibusérabusdolsysten ftthér doh@rieixp a figke ehipr@duedased

stre upstream of .the post-cqnbustion catal ysi.s apparatus to rman
enhaﬁ@]edB?ﬁ“iearpgl%‘b@wof“ﬁ}l%%fﬁn (FORYFEHMC MIX di%l?“ﬁi*?f@ ‘g‘s‘;‘?ftéﬁf’aé‘? a%‘I A5 he
conbust i Quppsysle@itd rthes o5e8mkibsithgma first mx zone |located 10 upstream
fromthe conbustor and configured to mx the primary diluent streamand the

oxygen siippl yT&t welam Afe!ams initriher exmngisia Gt rearan thesatalypds agded donhsi
claim 1, o filh ENeMbGQITRLELR Ba@lyc@ihtbyabustivhRh&idy the catalyst is added to
the prinary conmbustion zone to catalyze the conbustion reaction. 16. The
syst em ofl6.cl alln syatemfafrctairarl4clmbet compesiag g second nik xonccieatigued fogue-adx thy

pr €- [k X Bﬂgena%no G AR RheaBn2Rdl sh6nF %{T’Q%Ee{tfaﬂ Je}é‘é!eg Sifr(f]rﬁatﬁé 3o

| ocation selected fromthe group consisting of: upstream of the pri-mary
conbust i oImssomeofanpkticam pheheprimaar sondbosiusonomdzo tie sy tdratiusooygpensidhon
stream and. t he conbustion fuel strea re mxed and conbusted approximately
concur r ol Y BeEER R CR A rosTh R Ty oM A R HEBIRH S MEEHLD
conpr i sesomufreatyur e sel ected fromthe 20 group consisting of: a passive

dilution_zone_havin eries of holes configured to cgol an ench _a

i ner of 1The. Ebrstenr ek SopRyandbs Bmon e mbrng i st 4tench
por t 2¢onfiogpreakidtig Tt b \pRbwcddilitvR 1zohd) BaSRE @NEadsyothd tiesinfib@red he c66INddst or
to mx wth the conbustion products stream a series of staged quench ports

to acti veckgntipg) ofathe iopbrsPiirad praive ¢liiytioh ZeRfgha ke ahifepotic dHel PR any

conbi nat ik "EAtiveR 1V ehS¥ad My Ailubltd Re LomBhes8b it R&h MY@aMALoAN
stream conprises fromat |east abouf 5 volune percent oxygen to at | east

about 40DPipdPeisretrogny & eerics Ok stagad aarrhtneets foesptivell Gentied e tereneradire phiécrpiyepshat i on
stream Cﬁ%ﬂlhﬁﬁ%é-%g%% LAt eoPS VOl ume percent CO2 to about 99.9
.19, |

vol unme percent e systemof claim9, further conprising: 30a high
qual 28y fi8iel Tassystemeefmlaiinth vehefdinothe anggamatanysisintdooprisarfebm at least about Gw

heating val ue fuel gas streamwth a flow and conposition configured t
V(%%l € PRISC togygeélsto A feast \%outt 48 ol BG4 orgr(gge And 10 e GRIN ortion %

conmbi ne w ué as streamto formthe co Stiron Tuel str'eam
The syst ém @fygaladommnst@&ym tamprives foanpr fesdt ragoutadsf vélude fpkwentcOOi rohboar 99 Or
controlli t he hi quality fuel gas stream 35a sixth flow controller for
control | { gmfﬁéfc?% eating val ue fuel gas stream and
19.  The system of claim 9, further comprising:
30 a high quality fuel gas stream with a flow and a composition; and

a low heating value fuel gas stream with a flow and composition configured to combine
with the fuel gas stream to form the combustion fuel stream.
20.  The system of claim 19, further comprising:

a fifth flow controller for controlling the high quality fuel gas stream;

35 a sixth flow controller for controlling the low heating value fuel gas stream; and
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WO 2010/ 044958PCT/ US2009/ 055544 a sunmation controller operatively
connected to the fifth and sixth flow controllers configured to control the
fl ow and worepugi4#4sen of the conbustion fuel streamto reguiist@biss4
tenperature of conbustion and avoid flame burnout. 21. The systemof claim
20, further conprising at | east one hydrocarbon analyzer configured 5 to
measure the atoHREGIT RPUIYERPBBHE P “URECELAH I i rﬁngfswthgﬁ% RPN
product s cgiffe@aM B ReneRaha b ednd c%ﬂifiﬁﬂﬁﬁérﬁ of e RMmbleRStfutINGredrhXb Redul @WWihe
controller to control thc anount of | ow heating value fuel gas to avoid
flame bl GRAGRNLROL spentesian e gyoid flame bumaulsyst em of * claim 19, further

conpri si Ay a ol CANGRNMiH3b! ﬁﬂh&%nﬁﬁﬁﬁﬁgt 814t BRMYIrd dArifdn fah QYR REh figured
conposition configured to conbine wth the Iow heating val ue” fuel gas

st r eafn atdmedsgrclbe hinghntopd diyiltogarbers| in ghgs canposdion tod tcogombubieoncyatiesy stesamf uel

stream gﬂf%ﬁér&i%{}rg%ﬁgﬁ?& NGeRL: ] q OB 'E%Et%if%% R e Qﬁgﬁrtﬁ}]dg"l‘c’slwy

connected t0 a S€ ow controller operatively connected to
sumat i oheatiogtaloé fuet gasdméivogrufigde blowaddjiugte combudtérow of each of the streans

to generate ubst ant.i al | stant fl.ow and conmposition in the conmbustion
fuel ot r atm TSRS eBira o GRS Aberoi ik RRhcRERERPA COE Rl oFaag

hi gh cone €lotvraat icempdsidbnsbhifaind @ RonKsing enthskplpivwhestingeaie fad ¢aasteamiaug theon
fuel str agn vYnerei n each st reamhhas fl Oﬁl [ate and a. ctgngl%;i tion; .
split¥i nglg [EaY ¥ ST EATI AL B e EpMRYSHEN FHET BFB™a MBI HER MR ORI dioPeam
and a seconGhlkyufliticl@nt _o?érﬁtﬁ%m coBAédiedNd i sBGeneh fibWWoritddIRF operatively connected

adj usti ng) the primary diluent streamflow rate i ndependently of the overall

f1ow rat® & spprRaohFYRotemerfigisd foadietshestiowpfeach of the serpisdp ggnarsfe 2

primary Qlﬂsfdﬁﬁ‘élly%%ﬁ&@r@‘él@&%n& @&nﬁ’c}%ﬁgﬁ@n BRBINYusSibh ARMdQm Or M an oxygenati on

stream and nmbusting the oxygenation stream and the conbustion

fuel streéam if campystionegntrobmsthodi comprigng of a combustor to forma
combystion praduahs SkbeaRdRoR ABRELALM &AM ARSI Qbusid:  The
met hod of cla mgg& % ulétﬁéeﬁc coarrro)ricgjlgng: s’eansolg%g&lt%gpgxygen’ cont ent “%%’ t he
conbust i twl greevuwhsemterdasmecammds a flow rataejdrs¢anmysitibe f | ow rat e of the oxygen
supply streamuntil, the conbyst.i o roducts streami.s_substanti al l
St or chi omet ri Sy PEh SOERUBLOB OB AT Tl R RS o Nsrohh m
24, furt Bidiencargpmi sichgavisenfowgatt;he t enperature of the conbustion products
stream and . . adjusting the flow rate of the secondary diﬁ ent stream
Lo’ o bur nout SBHENGHSHNED S ot A 1Pk Gue dpd P e HE R r R TeL TR e of
conmboet i €4 hikth ddgcdnbeticieneedrch@nper at ure. 26. The net hod of claim 25, further
conprising providing a high quality fuel gas stream a 35l ow heatjng val ue
fuel gas streHPIHAY hhdrarneiyenti siipamt 2dd thea AXYESAISPBND PR 19 Hemhidggh WO
2010/ 044308RLaHWIROPD /095544 qual ity fuel gas streamw th the | ow heating
val ue fuel” gas stream and the primary diluent streamto formthe conbustion
fuel stream coppustiige thee priggnasioncstespm a8l thoycombystien fpeli oy dort PBNRIYNg
the f1 owoghnifigy A9l SQBGENAS FAM CRRLIRAMALRGLBIY 450 SURRLuRIAHEAM
t he hi ghcquaLfSPjt y fnuef gas st rream the | ow h(aa[g%? ng val ue bf ue Péag stream
and £he poempaitiondi | uent streamw th flow controllers, wherein the flow
controllgfs apg, QRELAL NEh%CAMES LR iR, central controller.
sensing the oxygen content of the combustion products stream; and
adjusting the flow rate of the oxygen supply stream until the combustion products stream
is substantially stoichiometric using the sensed oxygen content.
30 25. The method of claim 24, further comprising:
sensing the temperature of the combustion products stream; and
adjusting the flow rate of the secondary diluent stream to a burnout zone of the combustor
to regulate the temperature of combustion using the sensed temperature.
26. The method of claim 25, further comprising providing a high quality fuel gas stream, a

35  low heating value fuel gas stream, and the primary diluent stream; and combining the high
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28. The nmethod of claim 23, further conprising pre-m xing the oxygenation
stream and the conbustion fuel streamin the primary conbustion zone of the
conbust orwo 288/043458 net hod of claim 23, further conpri siPag/usatoaloysing t he
conbustion reaction by adding 10a catalyst to the primary conbusti on zone.
30. The nethod of claim25, further copprising sensing the ampunt of

unr eact eAUWPHIGLEP BB Wﬁgﬁl}?elo‘éfé‘ﬁf}ﬂgt‘iag% fysd S Qi Py difuent strcam

cont rol | ig@rh e Hhdwsieh fidsrdagw heati ng val ue fuel gas stream based on the
anount of unreacted hydrocarbons in the conbustion products stream

1531. The2fret hbr Bethed &f im0, fugtherrompeigig oyioni ekt hvaphihagich centsstraion al | y
const ant CU% Qe dhe 8£5%9§ 'ﬁqupﬁy sttfani RE HOTRESH ARI Eaelrcsh! BRMP N &RRLAle! | NY

the fl ow of each of the gh qual ity fuel gas stream thelowheatlng val ue
fuel §astust reearsfreamdant itheapymeiyl ddwent streamawith 3w pondrottiongs mdieregy glee fipw
conpri si ng: - ' conprising substantially
hydr ocar E%Ir%’ngrrsl3recogfggﬁelg?§)%g§%dg)gh(%%lcglrrll%pqﬁgvi ng an initial fuel to CO2
ratio; 28. afhonyfedaf clem 83.rfeamrcomprisisg ng-subet the bkygdehation)syrgen aad the

car bon di oxj d wher,ein the conbusti on el stream and the

o onat PO E o G dreat i R o R o RSttt "t boem havi ng
conbi ned29.uel Thomekydeftldiatd3pfiehaf dogipiisidg taalyBeg tarromptdtionkcaetpn Medddimnge
rati o _and a conbi ned. initiatl C2 to fuel ratio configured to provide an

opti nBl  35¥EHI e QRMPBREEIYATFONG di | uent stream conprising substantially

carbon dp@xi dehd Gh&lod dfdclaim 252 HARRUSEAPrie@Nfsbgiiedhd QnRRDWSt udrbRted
conbustor inlet streamto Froduce a hot products stream conpri sing
subst ant PEIPsArheRs By the FRMBUSHYHPIOHIGRTIE: 2¥herei n the hot products streamis

mxed with t h@on%hiﬂgri_e Bb% SRS v REANG VARETHSL JaQR PP BHCH HnSthE @aLAK Ng a
tenperature and a 30final CO to fuel ratio. . The system of claim 32,

wher ei n vireadigddrydragpiborsin diceconbnpiongeeiiusigbstaant i al | y of met hane and t he

fuel {to yg ol . L . ut
150 15 pof Y efnd Sy SO ARAY colpiivhe MRl ob ol et urii.
hydr ocar bangosiioe of dinedmstedticuiist streeimabyl gongbllimettheafiew arfidathhef the hadh q@@ktyt o
fuel rat'%oli S {rr(%nmt outh gt(lJ: 1a]'im|f CIIOZ ttoaﬁolnf%%at ﬂagto"t'}a%: 1 nmol CO2 to
nmol fuel "¢ 88 ST silgfver% o8 i hY §§S,Srfeurt"f‘|éirp co 1§l nsg:e Ba hi gh quality
fuel gas3atreanrvmbidiorayfttrawoampdisiagconposition; a | ow heating val ue fuel gas
streamwith a fl ow and osi tion;. and . .a high concenftration.

ko, St 1 aant CORPREAR a0 BRam iR woptial g BABPE S G oyb i S am
and the (©ow)heahdvivg anahidel fhitleb (gasatt reamto formthe conbustion fuel
stream and nmaintain a constant initial fuel to CO2 ratio of the conbustion

fuel stream IDSBYSFREIQY SRR spmpsiiemsubistantiafly; REYECE oidr £ diogide ofyfyen

supply styheRm Wet Borbubli@WARD GtrBark URROBE tdxQPonafdi stream ar chthBifle £ @GR At i on
C®2 mxing streamwith a flow and a conpoSition configured to conmbine with
t he oxygesmeusiopligictsiticamhayipg faorombined fosdytg evsgdnontie codtawcd3p Mgk as pptiwsh of

e S SPTR LkAl S cooly B0 RGNS, ISR GpARLT
25  combustion temperature;
a diluent stream comprising substantially carbon dioxide (CO,); and
a combustor configured to combust the combustor inlet stream to produce a hot products
stream comprising substantially water and carbon dioxide, wherein the hot products stream is
mixed with the diluent stream to form a combustion products stream having a temperature and a
30 final CO; to fuel ratio.
33.  The system of claim 32, wherein the hydrocarbons are comprised substantially of

methane and the fuel to oxygen ratio is from about 0.9:1 mol fuel to mol oxygen to about 1.1:1

mol fuel to mol oxygen.
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products stream wherein the tenperature of the conmbustion products
streamis used to calculate the flowrate of a stream selected from
the group consisting of: the high concentration CO2 m xing stream

t he hi gh_concentration na eu stream the diluent stream and a
conbi nat #on t h&r &pfem tOSC%@uﬁ%w tre thenpekoretheas gre e@ﬁﬁ%ﬁgti.whsta%gf ot

| east ONGAANILIR RO TE, 16 RRS 128 FSFbrh Abde AW ] 08 (GBI t@fab&ms@ Mol
in the corrp05| tion of the conbustion products stream wherein

anount of @%y@%lrﬁ‘?ln t he conbustion products streamis used to
optim zes4 he Tﬁe%%t&ﬂto?cﬁfmﬁf%&ﬁ%)‘g&ﬂ MI y streamto achieve

substantial |y stoichiometric conbustlon and at |east one hydrocarbon
anal yzer confalyahewlmﬁmgaﬁ@mweharﬁinwrwd@fcommtmar bons in 25 the

corposit on o, FTANEHLANPURNCHS SALEUM HIBLELE hbe 2rount of

used to opti ni hehtdoscehiravonr @0g mkc@hﬂreamy@eﬁolsetppj yorstine avith tthe Aighi qrukity

subst ant qu%l aYs s?r%e% grpcf tﬁé‘?&& flé:augé) value Euepgas stream to form the combustion fuel stream and
maintain a constant initial fuet to CO; ratio of the combustion fuel stream.

10 36.  The system of claim 35, further comprising:

an oxygen supply stream with a flow and a composition; and

a high concentration CO, mixing stream with a flow and a composition configured to
combine with the oxygen supply stream to form the oxygenation stream.
37.  The system of claim 36, further comprising:

15 at least one temperature sensor configured to measure the temperature of the combustion
products stream, wherein the temperature of the combustion products stream is used to calculate
the flow rate of a strecam selected from the group consisting of: the high concentration CO;
mixing stream, the high concentration CO, makeup stream, the diluent stream, and any
combination thereof, to regulate the temperature of combustion;

20 at least one oxygen analyzer configured to measure the amount of oxygen in the
composition of the combustion products stream, wherein the amount of oxygen in the
combustion products stream is used to optimize the flow rate of the oxygen supply stream to
achieve substantially stoichiometric combustion; and

at least one hydrocarbon analyzer configured to measure the amount of hydrocarbons in

25 the composition of the combustion products stream, wherein the amount of hydrocarbons in the

composition of the combustion products stream 1s used to optimize the flow rate of the oxygen

supply stream to achieve substantially stoichiometric combustion.





