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mai nt enange 1 AREL Mg Pl 8 $dLOAHING rdpfuady PHRSSUr € mai nt enance 25 operation,
i nert gasses such as nitrogén are injected into a primarily gaseous
reservoir to nmaintain at least a mininmal pressure in the reservoir to
prevent retrograde condensation and i lEd¥e total recovery. In a mscible
fl oodi ng operation, mscible gasses such as carbon dioxide are injected
into a pr[06ed]i | yEhibgdinthmtss of ebe iv@ntiof aelatex toMldwn dnfigsidn Goivds ,gech@agsn g a
their viscosity and increasing pressure to inprove the recovery rate. WO
2011/ 05935 7E#1h98369QEH4D9essCs.  More particularly, embodiments of the invention relate to

15 methods and systems for utilizing nitrogen, oxygen, carbon dioxide, and/or hydrocarbon fuel

to generate power in a very low emission hydrocarbon recovery process.

TECHNOLOGY BACKGROUND

[0004] This section is intended to introduce various aspects of the art, which may be
associated with exemplary embodiments of the present invention. This discussion is believed
20 to assist in providing a framework to facilitate a better understanding of particular aspects of
the present invention. Accordingly, it should be understood that this section should be read

in this light, and not necessarily as admissions of prior art.

[0005] Many enhanced hydrocarbon recovery operations can be classified as one of the
following types: pressure maintenance and miscible flooding. In a pressure maintenance
25 operation, inert gasses such as nitrogen are injected into a primarily gaseous reservoir to
maintain at least a minimal pressure in the reservoir to prevent retrograde condensation and
improve total recovery. In a miscible flooding operation, miscible gasses such as carbon
dioxide are injected into a primarily liquidous reservoir to mix with the liquids, lowering their

viscosity and increasing pressure to improve the recovery rate.



[ 0006] Many oi |l producing countries are experiencing strong donestic growh
in power demand and have an interest in enhanced oil recovery (EOR) to

i nprove oWbaBEYrYy fromtheir reservoirs. Two commobn BORUSeelhniaes
include nitrogen (N2) injection for reservoir pressure maintenance and
carbon dioxide (COQ2) injection for mscible flooding for EOR 5 There is
al so a gl obal concern regardi ng green house gas (GHG em ssions. This
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Appl i cation no. U82009/ 038247 di scl oses a systemthat provides a solution
to the eflPP@lency/-Ur Bat- f Nom4 40y §ba pi%&npatsnd digelosrsr a process of adding

substantially pure oxygen to the produced hydrocarbons and carbon dioxide from a liquid
producing formation to produce heat or power and re-injecting the carbon dioxide for EOR.
The ‘486 patent discloses separating hydrocarbon liquids from gaseous constituents in a
25 production stream of a liquid producing formation, then mixing the gascous constituents with
substantially pure oxygen and combusting the mixture to produce heat and CO,. The CO; is
then injected into the same or a different liquid producing formation. This approach fails to

teach or suggest a solution to the efficiency drag from the oxygen plant.

[0009] U.S. Pat. Pub. No. 2007/0237696 (the ‘696 publication) discloses essentially a
30 combination of the oxy-fuel process and EOR as disclosed in the ‘486 patent. The ‘696
publication also requires a stand-alone oxygen plant or air separation plant, and fails to teach

or suggest a working gas power turbine configuration.
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provi des an inert gas (nitrogen) injection for reservoir pressure

mai nt enance. In the integrated system of US2009/038247, however, the net
power prosoced/isssegeneral |y reduced 5 by the power cons®eepitiSeeoneaa? r ement
of the process even at the inproved efficiency. [0011] As such, there is
still a substantial need for a | ow em ssion, high efficiency hydrocarbon
recovery process wth increased power production. SUVWARY [0012] An
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ocar y Wt

for | ow em ssion hydr on recover ower production is also
provided in at |east one enbodi nent of the present invention. The nethod

i ncludes the steps 20 of generati ng SUMMABYs conbusti on stream havi ng
carbon di oxi de and water; generating a conpressed air stream transferring
heat fromMooiy gag@oimscgrapdusitb@nisSproeailtia ithrRagtooiy esbedingnt of tthe gmesent
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power geriBreanhaiorosysasten uanid configotd figreative ead torabyso thd mainantrblefuchstivam
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present djf6l OPHE ErdTBYwWRE GO Ration syRRAATERNIMRRA tha¥ESW 19 %ag&ufs Qoh®htitth
detail ed description and draw ngs "of non-limting 30 exanpl es of

enbodi hrerstrsamrangdipreditce agleast apmMOEIsed Z9SORPATIsta2AN D cohor A®xide stream. The

second power generation system is configured to receive thermal energy from the gaseous

combustion stream and convert the thermal energy into at least one unit of power.

[0013] A method for low emission hydrocarbon recovery with power production is also
provided in at least one embodiment of the present invention. The method includes the steps
20 of generating a gaseous combustion stream having carbon dioxide and water; generating a
compressed air stream; transferring heat from the gasecous combustion stream to the
compressed air stream to form a cooled gaseous combustion stream and a heated compressed
air stream; producing power, a water stream, and a carbon dioxide stream from the cooled
gaseous combustion stream using a first power generation system; producing power from the
25 heated compressed air stream using a second power generation system; and injecting at least

a portion of the carbon dioxide stream into a reservoir to increase hydrocarbon production.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The foregoing and other advantages of the present disclosure may become
apparent upon reviewing the following detailed description and drawings of non-limiting

30 examples of embodiments in which:



[0015]FIG | A illustrates an integrated systens for | ow em ssion power
generation and hydrocarbon recovery according to an enbodi nent of the
present dwechumis®; [ 0016] FIG 1B illustrates an integraCeadssysies?sd f or | ow
em ssi on power generation and hydrocarbon recovery according to anot her
enbodi ment of the present disclosure; 5 [0017]FIG 1C illustrates an
integrated systens for | ow em ssion power generation and hydrocarbon
recovery [@0r3)r di REG L A Yidistraretahdfitcgmitudiysientls fof 1dvwhemixsda gidtved igstdradon &id
[0018]FIG 2A illustrates an integrated systens for |Qw enm ssion power

gener at i JWIERFATIN PO ERIASROTIEETQ 8P FROE BT Abthe present disqlestreanot her

enbodi nent of the present disclosure; [0019]FIG 2B illustrates an.
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recovery . according to yet t her odi er f the nr n i.scl osure; and
{00201 7 S EERh i dyoele ol ARtaNS SR SR e e PP bl Bt e on power
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pertinentipgig] hayfs BN eMtARL ah &htRbrald032AR HSRAY E‘ﬁfs@fo&po%? geferat®in afd’
entity refers to one or nore of that entity. As such, theterns "a" (or
"an"), " dndraarbworecovegrmcddding teastl yormibthzaambediogetof tht eresérerigreidsiing; 20
herein unless a limt is specifically stated. [0023] As used herein, the
ternms " cqng]si ngI1G. ZEﬂmlfrh&ean"intagndteﬁ@mﬁfﬂssfﬁf loar emp@A-podrdgendratdsisartd on
terms_used to transition froma subject recited before the termto one or
mor e &Y erffacarhon recoy et aceprdingdo it #nothin g 0@%@“&?%‘%@ RECSER! déjcaviits and i st ed

after the transition termare not necessarily the only elenments that nmake
up of thd082Mj ec¥IG. 3 illustrates a flow diagram of a method for low emission power generation

and hydrocarbon recovery according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

DEFINITIONS

15 [0021] Various terms as used herein are defined below. To the extent a term used in a
claim is not defined below, it should be given the definition persons in the pertinent art have

given that term.

[0022] As used herein, the “a” or “an” entity refers to one or more of that entity. As
such, the terms “a” (or “an”), “one or more”, and “at least one” can be used interchangeably

20  herein unless a limit is specifically stated.

[0023] As used herein, the terms "comprising," "comprises,” and "comprise" are open-

ended transition terms used to transition from a subject recited before the term to one or more
elements recited after the term, where the element or elements listed after the transition term

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

25  [0024] As used herein, the terms "containing,” "contains,” and "contain" have the same

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

[0025] As used herein, the terms "having," "has," and "have" have the same open-ended

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

[0026] As used herein, the terms "including," "includes," and "include" have the same

comprises," and "comprise."
-4-

30 open-ended meaning as "comprising,



25 [0024] As used herein, the ternms "containing," "contains,"” and "contain"
have the sanme open-ended neaning as "conprising," "conprises," and

"conpri sewD 2p00R%eAs used herein, the terns "having," "RaT/US2ana492nave"
have the sane open-ended neaning as "conprising," "conprises,"” and
"conprise." [0026] As used herein, the terns "including,” "includes," and
"include" have the sane 30 open-ended neaning as "conprising," "conprises,"
and "conprise."” WD 2011/ 059567PCTDESTIRIP AN 79 DESCRI PTI ON [0027] I n the
foll owi ng detail ed description section, specific enbodiments of the present
i nventionogzy destihcBmowitgtRumes demiptibh Redtioff §ictigd BYAchERNbBthe lpRMRNET |
to the extent that the fo[Fomﬁng‘desprlptlon is specific to a particular
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to be for l.ar [ 2s only..an i.opl LoVl descr.iption of the
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speci f§ ¢ pedeadinveitich, d6s & inkded & Byvforluxtmpai tspobds dntg bhbidleisnpdy Iprovides a
alternatives, nodifijcations, and equivalents falling within the true spirit
and scopelessrintion of fhke mersep ey grpkedimen s Peerdingbr. dhe pventia isngt limated 4¢, the
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hydrocarbon recovery process W th increased excess power producti
gener al , andeqsiysicetmfilliog edthpr ths &sic Spwit podveropp bdtheappendey clagss.coupl ed
toget her synergistically to reduce overall em ssions; produce CQ2 for

enhanced [0028]r ec WWie dfdrExR)to NG S BAUASIntegtdtehsyspho U0 B shidwh @6r £IOR; emission,
sequestration, or sale; produce clean water that nay be used for donestic
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Separation Unit ("ASU') 0.t is configured to separate an air stream
112 i nt o SHISBRYAMProfUcy Jf\%;x%%ﬁ)t% AT BT ﬁf)éﬂsmm?%qeg@ can ¥ ige Has Ay

106) and \gc8 Yhsdcdstia! Ju¥pdikd rHaeR 1R [iié&h%r‘é%ﬁp&ﬂéaﬂfy, (R Gysternl) 1O FAFE L €am

T
114). The nltrogen'streanlzd 114 may be conpressed via a ‘conpressor 120 to
gener &i e mainicombgsioni uite(etel. om atyrfeainsob@sfoor | Rubssdiguedtto irgriceeta mainigontiola

pressure i nten e reservoir 124, ver, the nitrogen stream 114 may be
Used |- 4N S5PoRF HeTappe atPEn MR B kb oreorabRrEry bR E e o
criteria 1@ igghiritb@ Yy ah AAPBEpBAIINOnit t‘tAﬁbr?qlld Rt SO chfi AR BGepdred ahhat
t he oxygen stream 106 and the nmain control fuel stream 104 may be generated

and/ or  supgtineld 2igtoahyubsispridlpr patesn 2righadeomnonritdcgatdxyen strramyédt)gnd a
criteria ahauBl N BRRL] SN (UL T RBOIBI GrcNPLAT AR Giahodiagent s
may i npl ement an-arr ream | I't sel¥” contal ns oxygen, as oxygen
streapo 1064 rhDOBO¢whprcssad ik, a Edigpra®ion 120t gadkrdidie hittiger aMjectida seraym a2 dory
appropriate fuel or mxture of fuels (e.g., natural gas, coal , hydr.ocarbon
liquid, éﬁayeﬁpetgnlyje@p%rm@ua tPEgssere maintenance reservoir 124, However, the nitrogen

stream 114 may be used in any appropriate application and/or sold to satisfy the design
criteria of a particular application. It should also be appreciated that the oxygen stream 106
and the main control fuel stream 104 may be generated and/or supplied by any appropriate
25 mechanism to satisfy the design criteria of a particular application. Furthermore, one or more
embodiments may implement an air stream, which itself contains oxygen, as the oxygen

stream 106.

[0029] Similarly, the main control fuel stream 104 may be any appropriate fuel or
mixture of fuels (e.g., natural gas, coal, hydrocarbon liquid, and/or any other suitable
30 carbonaceous fuel) to satisfy the design criteria of a particular application. In general, the
main combustion unit 102 exhausts a mixture including carbon dioxide (CO;) and water

(H,0) as a gasecous combustion stream 130.



30 carbonaceous fuel) to satisfy the design criteria of a particul ar
application. In general, the main conbustion unit 102 exhausts a m xture

i ncl udi ngvoantiass7oxi de (CO2) and water (H20) as a gasecudAIScawivyey? on
stream 130. 5 - WD 2011/ 059567PCT/ US2010/ 049279 [ 0030] The gaseous
conbustion stream 130 may be passed through a heat exchanger 132. The heat
exchanger 132 is generally configured to transfer thermal energy fromthe

gaseous Jo03njst i Phc ghdeoatohdhstion sr@as130umby be pdSBEd thsughi d heabexdhasgdrilbed
| ater in the present apgl i.cation, the heat exchanggr éli . e heat exchange
YsF8

unit) 1321 hedibcrhangsstlde ingencrdbuganiiciird to tanier LFEETRY fégra thes gascous
0031] Hay 1132 4080 :
[ ] d8ﬂﬂmy %ea%.rl%g@ b%/ @gs ee%f‘a?%%%ﬂﬂ%@ des b AABRPYR tﬁé’;ﬂ?%&%ﬁﬂ on

stream 130 ma e receive Irst ecovery Steam CGenerato HRSG
140. The dpplisttionREShtACGxglemgrali ky heatekoltmge anieEl2 fexnh trgeterfasuisdtweas tavo

steam coi | not%@hov\n%,, in contact wwth the gaseous conbustion stream 130
for geheMMCHEIEIHCYISS The steam 142 may be expanded 10 across a steam
turbine 150 to generate power/work. The steam turbine discharge stream 152
may then [B®3YondEl¥eg nessey. thrqughtthe beatexshaigsed 3.5ty 2aprpus coplpstioagst{cany. |

in chiller 9(?5135: t i t,
the chil Fle3r0 ﬁ%%be}lgc%gn I g%fl gsé\ﬁ?ergpg%%glése a&ﬁna eg%%ﬁ)oq&g'? g@é}# ?'len%eﬁgﬁkﬁl%r or
a porti onldofgenérellywatchrded 6 Beatsuchangsr, stdhearstdand coibmabt dGEBVn), meypntaet with the
circulated to an ropriate piece of equi pnen ch as the first 14

and/ or 1%@%&_85@8%2 Y, 10 {6 BNSHHE g™t 65%@5’%&5%&45 &0 Rrswrpppded
satis{y tRRIGSIAM GiBiheT 5@ PEcnraR@pdw UGk, amRlstaa! tufiine IRO3LTOR H 153t

HRSG 140 may pass the gaseous conbustion stream 130 to a second condenser
164 for gepathenibsncondersed (cgnpn diss sdndersen st sudor ahilicdl (kyg.,dozhdter dam ©70

and a water ,stream 172. | t |least one enbodi nent, a rtion 17Q. of,the
cool od adBOLRP danmerotou el g R dtasf 8t SRRATisTR e 2plRT Hf i Adminsded bn
unit 102 rb&iveos aaRb-Rp GRARUShAN SREMIEHRE P68Dn off Thdlate£ 860, sQEiLaPithas 160’
enbodi nent, a second portion 170" of the CO2 stream 170 nmay be used in

connect i cdviitPh MEORY ijatat¢dle, angppiepsietcari¢asof cawament. apsh astthefirss i#Q and/er

use. y.e | . t | ea .

oxt er o S E e BT A SP b BB T g PEp AR S o0 Rk Ahe, FRRh R g »
st ream 17Qrtsduddr appladativhe exhaust gases 171 are 25 al so used in connection
Wi th conbustion tenperature noderation, EOR injection, sequestration,

and/ or ango®iher TayiffrabHRSGSRI0 MAPPIEFBlURENE doawubiord fecaheato exanrpeR]
unit 132, the heat exchanger 132 of the

condenser 164 for separation into a compressed gaseous substantially CO; stream 170 and a

water stream 172. In at least one embodiment, a portion 170" of the cooled CO, stream 170

20 may be recirculated back to the main combustion unit 102 to moderate combustion

temperatures. In at least one other embodiment, a second portion 170" of the CO, stream 170

may be used in connection with EOR injection, sequestration, and/or any other suitable use.

In yet another embodiment, exhaust gases 171 from at least one external source (not shown)

may be mixed (i.e., combined) with the CO, stream 170 such that the exhaust gases 171 are

25 also used in connection with combustion temperature moderation, EOR injection,

sequestration, and/or any other suitable use.

[0033] Returning now to the heat exchange unit 132, the heat exchanger 132 of the
system 100 generally acts to transfer thermal energy from the gaseous combustion stream 130
to a gas turbine 180 based power generating process. The gas turbine 180 generally receives
30 an air stream, such as the air stream 112’ which may be derived from the same source as air
stream 112, and compresses the air stream, ¢.g. via compressor 182, to form a compressed

turbine air stream 184. The heat exchanger 132 receives the compressed turbine air stream
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system 100 generally acts to transfer thermal energy fromthe gaseous
conbustion stream 130 to a gas turbine 180 based power generating process.
The gas twokon#s480 general ly receives 30 an air streampCsshoas4s2ne air
stream 112" which may be derived fromthe sane source as air stream 112,
and conpresses the air stream e.g. via conpressor 182, to forma
conpressed turbine air stream 184. The heat exchanger 132 receives the
conpr esse@4tdndhicas the rairSdtreamm 3A0/idQikd! GHR5E 7HRGT £4dSHO 1466049 2éthbliSfbragittaheat s
the air stream 184 via heat transfer between the gaseous conbustion stream

130 and tIh8 adrteasiramsn 1840 I e enbrsimewt 0. phathe reatedheonmaatsed ebifs@s sed
turbine at,st{@amn ﬂqgﬁl;?g%s%dttg%nc &d 1.0, & @éﬂ?ﬂg&rloéon{ﬂufﬁon ufiP el

conmbustion unit) 186 t I's coupled to an pan 190 for producing
power / wordoupled o tathexpandeu d Do foeptodushg poweswotk fr8d’ the Icombustbe asliaustn@ream

enbodi t . he conbustor 186.is configured recepve fuel.stream (i.e.,
Supp! ehrentd- cOL Gt PRIePmRRY SR (o safiurier ikl onbiad @ irergie ﬁ@aﬁ%&m eam
188 may Recalyppidthdrdf! @nfrdetucPOaaT) 1fgselrl§tsh§@mneﬁﬂap5blﬁm i sBO4m1igRIHRL[A to
the main control fuel stream 104, to satisfy the design criteria of a

parti cul dwe aapphitdde fushand/e0R4] dtrcamayudhersibot vef lirnised thébg inag woheoknpstesged
turbine air str 184 in the.heat 10 exchange unit 132 may significantly
reduce tﬁlémaﬁosaﬁ%%il?e él%égns%ﬁgfae%ﬁaéﬁwu %@Pg‘?ﬁ%m 188 required to produce
a desire i, inlet tenperatyre. at.the expander, K 190. Accordingly, th
Feduct | orl9PHl he iRt laﬁte{i et Qﬁi}mgeﬁﬁ FoRPrRSHT fugping ¢ saroBih gl heat
gener g | YexBRAVE QT 1B2RAUGEARRdiR LhGARPURbuRofeM S&pRiRSe#41RBLAS Ry fd%e
suppl ement al conbustion unit 186. Specifically, at |east one sinulation

predi ct s redutedt twoprotigeds defiret har evdtstsinpesturant Be dpaaddrnidat ddcdsginglyi the t he
heat exchanger unif 132 to at _the conpress turbine air stream 184 prior
el AR e e R A
second HRSEucHBR iArthdmAAINhOF hibdiah| ecaly ivsethbosupplehizhial IbMbdaIndniE gk er i a
of a particular application.In at |east one enbodi nent the second HRSG 162

i s coupl eweeibicelhy &t kaph pue iMelatigo paedictpdbate Swethiedn abshoemissiansemsy diom
b ‘ . . )
turbi pe %?@mé‘?&? b%*%ﬂl@ é@%&@%ﬁ?@éﬁ}%ﬁh@% el B Ci%%lg)g%%sé;d ﬁhﬁ&%@ 8 bl

steam 142 10 génerate “power a Steamturb charge stream
152. I n addigriodt cantgistion.nor e embodi ments of the present invention may
include a Selective Catal ytic Reduction device (SCR) 194 coupled to the

second HR®035162 fras g QERAS bAGuST POKkmSRmhed PasshoitRE sdcdnd SIRSRS €62 dParlyOSBE] | n
at | east one enbodi nent, the water content in the gaseous conbustion stream

130 may beitpldedeeige iy svpely athp rigsighecriierian of e npudeulananphicetionn2 hy ataleagl evgat ed
ressure,_as e i ter e resent. | e tLo
D roam 155 BRI RS b REsor 1t Soumeq el sRafSERnd Lo 18 AATR kNS

sl i ghtty tabiove@canaturbiae 1501 Tht kigaradlo6wayaictesititdd witlp bessd e placd obtheRtcam
enmbodi nrent, the ASU 110 rr%% be configured to provide a high pressure 30
oxygen stlAddmesngaiedomss apg fHhRISFaE BPimischegze stieaast? ninaddjtivaspnaere

embodi Menf, rﬁlﬁ‘éﬂfﬂ’ﬁ%ﬁt?%ffi tHe tép'i’é‘seﬁ@h%nt%ﬂhﬁ tin OBYe & éé?é!}étifv%rcétﬁgﬁ@ 'ﬂeﬁh&ﬂ&ni on
and/ or si rrpl ITication of one or nore subseguent processing steps, such as
t he device (SCR) 194 coupled to the second HRSG 162 for processing stack gas 196 prior to

release.

25 10036] In at least one embodiment, the water content in the gaseous combustion stream
130 may be reduced by operating the main combustion unit 102 at an elevated pressure, as
compared with the water content present in the combustion stream 130 when the main
combustion unit 102 is operated near (i.e., slightly above, at, or slightly below) atmospheric
pressure. In such an embodiment, the ASU 110 may be configured to provide a high pressure

30 oxygen stream 106 to the main combustion unit 102.

[0037] In at least one embodiment, a reduction in the water content may allow for the

elimination and/or simplification of one or more subsequent processing steps, such as the
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WO 2011/ 059567PCT/ US2010/ 049279 application of a dehydration unit (not
shown). Simlarly, operation of the main conbustion unit 102 at an

i ncr easedwpnessiv®7may reduce the need to conpress the gemarsared42® (e. .,
t he conpressed gaseous substantially CO2 stream 170). Mre specifically for
subsequent use in, for exanple, EOR the anobunt of power required to
conpress the CO2 derived fromthe 5 conbustion stream 130 to an appropriate
r eser voi rapphiggohiodn devetatioRyinbenstetiveayl Bimitarfyaopattion of theatain Hogibustion
pressure conmbusti on equi pnent may al so have a snall er physical faqotprint.

I n cont r 394t IRGepdpcredned Prospyrs dppeielecectpmad foorpnyansrthf psncasted 92t Be2-need
to conpre&ss .4 Bt %9 9501 Na iFicaly) AP Gi ated
wi th high p?es@ggge&{%g%ag'%%n, S&:?E%SS %(‘ﬁié ZQ)E)peﬂs%ﬁSe&tlg wofr&m%%%@% 18%

[ 0038] Refiey for rgampleFEQR B, anzowthk afjpawet tdqustd &t corgprassothhdfO4 ddragd dtomad the
system 100" .that may be inplemented in connection with the esent

i nventi orfore We_amnﬁ&etﬁélpéppmea@ys%eé\fﬁlﬁwCU%&PVBLW Fé%éﬁ?iﬁygif%ﬁt?ran y
to the syoefttﬁ@k.1Q@%hm&§su;e%nm§w§écﬁﬁlprﬁéntq«na@%or1%%‘ravsa{amerllﬁfysfc@r fobfHrRet inon
of at least a portion of the conpressed gaseous substantially CO2 stream
170, suclroaasit havegvel, 7@%ar aepsphérigseanaliustion gepwally aypids theheed @R compreeasntli7 0,
such as the 15 stre 170", .may still. be routed to the.main conbustion unit
102 for CONBHLITUR e atqileteaamberas e il PR Eorbln

al t er nat igveh a§ﬂh&?@dﬁeﬁ§ig}'mqﬁﬁfnb@btderi ved from (e.g., separated from the
fluids produced fromreservoir 174. In at |east one enbodinment, the main
controh flggsg)St r Rar it RIG PEB ChUALRSS ilfsMid I 8ndth IREEBAUPLYstchl 4007 that
Simlarly, the supplenmental control fuel stream 188 may be obtained from

t he pr essouxe beaimpteamanslein? Conmmesteany wiith th2 4predent maventyen moskgvit. hdn geheralighe of

nitrogen in the fuel obtained fromth ressure nt enance reservoir. 124
may F ovisa BN afaPe HABSTMER R Dol S8 E el (Soh Br e RSB P CO:
expander 1Q0.apgy4 F&Hﬁﬁctﬁ&?oi%tﬂeéé@ H@Bﬁ?o?ﬂ &Mhé %%?f&i@é aseduld WabdtdHifaBA I
the net power of the gas turbine 180. [0039]In at |east one enbodi nent, the

wat er st rseaam 79, sval abetréam éZ@'ed\s iHugracd, egpertmi of the CQe.stream 174) such agtikance

hydr ocar bon recover e.d,,. EOR)...In at | east one .other. e i ment, the

vt er T2t AEH: T el i FEbine e B bicP ROREI WBF K Pl 1SPRG S ang

cool i ng, tampéaturéhRastafiyst BNBIditiEEViarthe hREMMRLE ktr&ind 207 Mg b¥BMriPE] from

i npl emented in connection with an fproprlate use to satisty the design
T

a
criteria (e acpatted &amatheaibprs E@ﬁﬁ@ﬂﬁ? qroEesheioror/d; 1e pleleow pae cbedment e nay
be characteri r, proce furt . (PN .
oy not ashgh 6Rflar i MEGRETL thaly i Bitfind Hond B COL 3BT LRE Sipmitary, the

sol i ds | espplchentabpphwxi ARl atrgarh0] SO Ghagabt SobbeficdTififon @Y pr&u@h maitdahdani ty
wat er _may be especially beneficial for reservoir water fl ooding as opposed

to not?| dresy h4 y Iimeebe nefad that theaisgat Bitrogen Bnihe 1 ofisdfrany thegugisuts
f eon . ; get
romt 65%%%@?%%2%%%%@ ro\@?&eea{ddltﬁ)ﬂghm% \Mﬂ%‘ﬁ A 'eﬂh&ﬂée\ﬁg erformance

2011/ 059 ter, may be produced uSing any appropriate
process ta thatexpindet 180 dadigducer the exit aorofressigardquatinant, eimdsochicroasihg the net

[ 0040] Referri nP to Fl % 1&2 a diagramillustrating yet another system 100"
that rmy D9&/ero the gas turbine I80.

[0039] In at least one embodiment, the water stream 172 may be injected into a reservoir
25 (e.g., 174) to enhance hydrocarbon recovery (e.g., EOR). In at least one other embodiment,
the water stream 172 may be used in connection with well work, drilling, plant cooling,
and/or steam systems. However, the water stream 172 may be implemented in connection
with any appropriate use to satisfy the design criteria of a particular application.
Furthermore, the water stream 172 may be characterized, or processed further such that it
30 may be characterized, as low salinity water (i.c., water having total dissolved solids less than
approximately 10,000 parts-per-million). Such low salinity water may be especially
beneficial for reservoir water flooding as opposed to non-low salinity water. While the water

stream 172 generally results from the process of combustion, water, such as low-salinity
-8-



i npl enented in connection with the present invention is shown. |In general
the system 100" 5 may be inplenented simlarly to the systens 100 and 100
wi th the wocbugisess7of a reformer 142 configured to receipca/us200f0en2ner fuel
stream 144, such as the fuel stream 104 or 188, and a steam stream 146,
such as the stream 142 or 166, and generate a hydrogen fuel stream 148. In
general, the hydrogen fuel stream 148 nmay be inplenented in the system 100"
as the supptenment bt peadiiced lusing ednysippesyriald Brocagsdioosatiafly thet dsignapieoprofat e
fuel stream The use of 10 hydrogen as a fuel generally elimnates or
reduces tHREIGHHS H@Pfi@?néf carbon dioxide in any resulting conbustion
stream Thus the hydrogen fuel may be strategically or preferentially used

in the cddMti oReleniing gl bfl G BediggramTllingiiatiag ygoanothes|sysEmaltl8” thee nesarlison

di oxi de en ssi ons, t hat w se result .from usjn bon

Fuel i B ket Don it PSR R tion i SR e Saef B SRRE, T
100". 4 n rady beanplcRBLc8 TRt R the 8y stdms 168@ahd 20PaYiEH MR iB¢luiibe oh}i%i@%&
fuel stream 148, such as the portion 148, nmay be diverted for subsequent

sale. It HﬁWOb@glrr@d brecdiae atr Wdﬂd@@naﬂldéﬂ S&U@h @&therfa«yl sticgmd @ oo d 8Frpanal
enbodi mams?éan‘?l t%%eb?4é rTBc:he ﬁ%% %&ea?rﬁ lh?%r X apﬁggﬁerg a hy ro(%e%(fgqntr%a(t)rﬁ 148.

However undést T 4b 0 elimna car Prem gaseous

conmbusti dna @tlelea,rthé,?t@d@geﬁ el cofeh@n1 48 el de 1In§)1@ﬁﬂﬁédi|1ﬂ Yhes§pashatl 00 anthe
subsequently used for reservoir injection. It is 20 contenpl ated, however,
that a poupplsmepipl 9%&%%&@5@%@84 and/reagy other apmepmsiate iehptrgepm. o The pasef

separ gt e

tho oy n TRSREh 03 A LAREM = FRRCUEY Al TR AL B cfhoon AT 4
desi gn crictudtingcahbwtipastreanl dihuapip hyddgaonijuck oap bststrategioally op@ra‘fenenmﬂ;e
(e.g., flanme . stabili and/or_carhon _digxide r uct .on in ase

conbust i ded é%ﬁﬁ%‘%ys) ligg iﬁﬂ Pé?@r fitth ur%%lgéj 30 eligainase, S farpe é@)e%teed
system 2Q8hiigorxhaun JAlid BhQWieM Sl %mhﬁﬁﬁg af fArbbefedush g, OC@ﬁiigOﬁﬁa

recovery process wth excess power production. The system 200 may e
i mpl enenttedefsdiali ihatfayningultfadowysiesrens 00 syod' 108fd 11 @0 teasti arte ctmlmd@mctepat on

t hat esu Ie nt c usti ni t 6i onm t or di ngl t
hoat it cdRby ettty RERaE G S B0t SThe b B AEED I B dfyeedoliFor
expander slt%bqu&{tl Jldatit eiuyobe toed3thad lﬂlﬁ@hgﬂﬁ%@é@'fu&oﬁfwﬁi bR, tiohe J&Gmafbd
t he associ ated conbusti on exhaust nmay be beneficial, for exarrpl e, in

r eachi ng ambodimenisy aksei besimptemented asuibh main eqriiod fur sircam 4. hHawewere tmsydss ed
turbine gjf FSS }al%f"eatg %lﬁl%mapﬂﬁler & &1 tdﬂ)e 1%)(@’81&(1&5%& (ﬂ‘%lbl%tl%g ns{l?r%ﬁr%t qu a3 the

substanti élld ess erre rating I

t enper at Waghonadiosideds foeedalpy s@aﬂﬁ%hﬂ@tsﬂhi@ﬁue@l@r WY for reservoir injection. It is
2011/ 059567PCT/ US2010/ 049279 t he expander 190. The reduced tenperature
gener Al | yeopisakated.t bpveyglr thry @ powken 9éiks dydwsey figlestispay &8 208/0F Acloxmetange
for are r ns.
| cant r agger Rt o R AP b e P L R e F BN The R
provi des dohgolkefphrdem 199 twdbtanaa @surabstet (m,nmﬂ:&é thatiesigrt enfean aif wr partlcular

substanti al |. ual to the referred ati let

t enper at el he@O&LPﬁ R SRR 0 5 o o4 HaY dBfoaraon dioxide
conmbust i aBqibh 1&§e@egmdsﬂoﬁét%aﬁﬁlﬁﬂd' tional power but may also
conplicate the design of the system 200 and increase em ssions associated

Wth sy st[gg]ﬁgo RbferfTRY nB& 0151%9' 2%“%%6 n{r!é af®l s t&ﬁrzﬁtg‘hsc %tfoﬁﬁb%&‘ﬂf’s& ohO'

el ement y provi suf I cient rans er su at the heate
conpr essddgh affmisney diydrak8dbonrreemhees ptd@essewnh rectedss Iovet Qreduosdantlihal dyyteat

the preferred o eratl n maxi mum i nl er f the expander
190. The 4dn#y %plﬁegttgﬁﬁ% ifprlyta %afs'terre@?) L@qugrld Thg'T iRt saspacsnnay

the S!JDIO'tﬁéf%ﬂ{slﬂbm@&BPHéﬁleéﬁoH”ﬁﬂlt 186 iTRMiREQVI AEcoRdihEFUGHd BBattd cbﬁ@ré%y&if al |
em ssi ons of e system 200 (e.g., those em ssions asSociated wt

suppl emertlinec @b sigednonl 8dhiis 8&). directlynyo aths ocxipendwot E). t hEhmmatlnnneft |t1tm of
the s nt al

pl e ion gener. el imnates the
th St TSR ePGyAbTRaTRLPY Hal'TSb e Tavouitey tyP PR FYCLPrh§C BretRi.
i nt egr at edr S¥ehRMNiL BAchihp@ltra-low emissions. In such an embodiment, the heated compressed
turbine air stream 184’ may reach the expander 190 at a temperature substantially less than
the preferred (e.g., maximum) operating inlet temperature, as specified by a manufacturer, of
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may be inplenented in connection with the present invention is shown. In
general the system 200" may be inplenented simlarly to the system 200 with
t he i ncl \w0am1as9m7CO2 reservoir 174 for injection of aPCramgtion4geti on of
t he conpressed gaseous substantially CO2 20 stream 170, such as stream
170'. As illustrated, a portion of the CO2 stream 170, such as the stream
170", may be routed to the nmain conbustion unit 102 for conbustion

t enper at uhecxpade¢raltoio MThe kedured tdnefatare deferbite ralut&rthabietall psivecgmethidd bynmay
be derived from ge. g., separated from the fluids produced fromreservojir

174. In d0° PedaR 260 & erhaesneRe redustonat hecompiantyraldhe sistandfl oud rrdycee
obt ai ned efrﬁigs%t{sh &n %refsﬁsiﬁcrlﬂﬁbﬂ ofltZl% 'fﬁp%&héhtal%rﬂﬂugﬁoéﬁﬁﬁ{ %ﬁ%%ﬁ%@%é@%@% '

100" and 20 the nitrogen stream froman assocl ated A
conpr esséabe vxmnderci®9prigs soair 2int d84jeatartamperatuné subsgenaliynggrt iocthe ptafeard

122. The nitrogen stream 122 may be used f.of subsequ inection intg a
pressut e (ﬁﬁi’rﬁ“g’ﬁﬁﬁéré 9@?&%@3 1SAPegRTE 190 thy By 39{)% 6‘11%)115202 Abghche
used i n anypRRRAMAPEIAGRBR Bhit 86 F_@&rﬁ iOlds %@&iﬁoﬁaﬁ E;E%f sy Asslesthflbate

criteria of a particular application. 30 [0043] TABLE 1, bel ow, provides a
si mul at edhpdedigr ahihesystomp0i adnnpretssemnstitns asyetiand W2heystaoh 200" It aray e

conventi onal ural .Gas Conbi ned Cycle (N . . .
2011/ 05098 FACHALIESS 6 F0%S995. HRBecHEr, ) b LP-Es e aP SR heficoc
wi th Car hamsferPdudh ethaSited @ithRll Edriressdd- Brisas aluirisunecRawerthd Mpafed B0
St eam Tur bi ne Generat or Power (MA 206 ) )
10  substantially at the preferred operating (e.g., maximum) inlet temperature of the expander
190. The additional heat may yield additional power while elimination of the supplemental
combustion unit 186 may provide a reduction in the overall emissions of the system 200 (e.g.,
those emissions associated with the supplemental combustion unit 186). It may also be

noted that elimination of the supplemental combustion unit 186 generally eliminates the need

15 for the SCR 194.

[0042] Referring to FIG. 2B, a diagram illustrating another integrated system 200’ that
may be implemented in connection with the present invention is shown. In general the
system 200" may be implemented similarly to the system 200 with the inclusion of a CO,
reservoir 174 for injection of at least a portion of the compressed gaseous substantially CO,
20  stream 170, such as stream 170’. As illustrated, a portion of the CO, stream 170, such as the
stream 170", may be routed to the main combustion unit 102 for combustion temperature
moderation. In addition or in the alternative, stream 170" may be derived from (e.g.,
separated from) the fluids produced from reservoir 174. In at least one embodiment, the main
control fuel stream 104 may be obtained from the CO; reservoir 174. Again, as with systems
25 100, 100’, 100" and 200, the nitrogen stream 114 from an associated ASU 110 may be
compressed via a compressor 120 to generate a nitrogen injection stream 122. The nitrogen
stream 122 may be used for subsequent injection into a pressure maintenance reservoir 124,
or the nitrogen stream 114/122 may be used in any appropriate application and/or sold to

satisfy the design criteria of a particular application.

30 [0043] TABLE 1, below, provides a simulated performance comparison between the

systems 200 and 200’ and a conventional Natural Gas Combined Cycle (NGCC).
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365 Auxiliary Loads (MN 114 112 Net Power (MAN 453 622 Fuel Usage (mmscfd)
86.6 120.8 CX2 Produced (mmscfd) 85.7 119.9 Heat Rate 7968 8096 LHV
ef fi ci ency042211359557 1 PCT/US2010/049279

TABLE 1 Example Performance Comparison

NGCC with System of
Carbon Capture FIGs. 2A-B
Gas Turbine Power (MW) 361 370
Steam Turbine Generator Power (MW) 206 365
Auxiliary Loads (MW) 114 112
Net Power (MW) 453 622
Fuel Usage (mmscfd) 86.6 120.8
CO2 Produced (mmscfd) 85.7 119.9
Heat Rate 7968 8096
LHV efficiency 42.8 42.1

[0044] Referring to FIG. 3, a flow diagram of a method 300 for low emission
hydrocarbon recovery with power generation according to one embodiment is shown. The
method 300 may be advantageously implemented in connection with the system 100, 100,

5 100", 200 and/or 200" described previously in connection with FIGs. 1A-1C, FIGs. 2A-2B,
and/or any appropriate system to meet the design criteria of a particular application. The
method 300 generally includes a plurality of blocks or steps (e.g., 302, 304, 306, ctc.) that
may be performed serially. As will be appreciated by one of ordinary skill in the art, the
order of the steps shown in FIG. 3 is exemplary and the order of one or more steps may be

10 modified within the spirit and scope of the present invention. Additionally, the steps of the
method 300 may be performed in at least one non-serial (or non-sequential) order, and one or

more steps may be omitted to satisfy the design criteria of a particular application.

[0045] Block 302 is an entry point into the method 300. At block 304 a gascous
combustion stream (e.g., 130) and a compressed air stream (e.g. 184) may be generated. In at
15 least one embodiment an oxygen stream (e.g., 106) from an ASU (e.g., 110) is implemented
in conjunction with a combustion unit (e.g., 102) and a fuel stream (e.g., 104) to generate the
gaseous combustion stream. In such an embodiment, the gasecous combustion stream
generally includes carbon dioxide and water. The carbon dioxide along with nitrogen
generated as a byproduct in the ASU may be compressed and/or injected into a reservoir
20 (e.g., 124, 174) to facilitate hydrocarbon production. However, the gasecous combustion
stream and/or the compressed air stream may be generated using any appropriate mechanism

to satisfy the design criteria of a particular application.

[0046] At block 306 heat is transferred from the gaseous combustion stream to the
compressed air stream. The heat transfer generally results in a cooled gaseous combustion

25 stream and a heated compressed air stream. In at least one embodiment the heat is transferred
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[0044] Referring to FIG 3, a flow diagram of a nethod 300 for | ow em ssion
hydr ocarbon recovery with power generation according to one enbodinent is
shown. Theommetinsase300 may be advant ageously i npl ement ed PCH/USeom0®¢9279n Wi t h
t he system 100, 100', 5 100", 200 and/or 200" described previously in
connection with FIGs. 1A-1C, FIGs. 2A-2B, and/or any appropriate systemto
neet the design criteria of a particular application. The nmethod 300

gener al | yusingcd hel@exéehapkeinait i(é.y., aB2pwhicksngr bsh@pspplireprihte m3abZial 3tkdor &Bbee
etc.) that may be perforned serially. As will be appreci ated by. one of

or di nary S@R#tl¢ of px¢hgaeing iheatiah dighy lgEipeipfurehrich ag seraghe Wt cepgsitgs {MC),
exenpl ary, r : LEd i £ hin:the
R L S S Ll T S
met hod 3CGO0lopayuchenspreonol foe dow preaturt epislicatoie ambwvarges ioalde(dipersom Seqgthnnddal )

of . i U e Gspr | Siionh. cqOBEB] SHOLKb ST aBaai § ottt (RCS) (#El |
met hod 3G&yiHhmBh@r Bad {4 c%agrﬂi%ﬁ SepRHSILS BB u3td Rﬁtrfhés%-a@;incah%ﬁa. agyshcftic

conpressed air stream (e.g. may be generated. In at 15 | east one
enmbodi merxamplesxofgeaicnitallyasmitpbleghcat E@)ante omitararadlgafree (¢ DivisOp ¢fsMeggitt

i npl enmented_in.conj.unction wt cgnbust i ni ) 10 and,.a. f.uel

ot Peam (&gromghy mEchioiic b s HHEEH PEHIDEEHIS AP B PR o,
enbodi merondinBerre@ss ahlé usiapRpsdiilanalsdyk 8ath genoatll ¢/17 facdndblRSopeatidart degxi de
and water. The carbon dioxide along with nitrogen generated as a byproduct

in t h&0 Aduslmiyodses teomsrasaised Howgvst. ihejlat aryi br dramsfeesede pyiBg rany (appEogiate

124, 174 facili : : i on. .

combust 1 s Re PAGol By 1 BT ORI B o NS gs PEIBRT 0 i g
i.at ismt tisfy the desi iteria, of ti.cul

St hoay BT GoREpRRRB b B w8 Tod ShuAB Rt A shisf g RRligg et

combust i ahaysincRAMN ARBGE(c.g., 1409PEESE bRl (cSL,r BN a fike cheRhsdrr(@Rsfien), a

generally results in a cool ed gaseous conbustion 25 stream and a heated
conpr essedillar(e.gt dé@mand/ar ascqoad sendmectegigodiore tt gankally daplamentadda seeiveed
WO 2014/ 7 0 ' i

v o PR SOECTLSROL 4057 ) O BeRRS EHAROT ey kbRl
heat at hitghmtegpes@t UTHAne B camprBscaascolB kiibsxantialp 0L, tsesarh @VE) 17®Mer ami ¢
air-to-air heat exchangers, conpact plate-fin ceramc recuperators and

ot her netgb4g|c alk Gk SUQRhABcHALMIredsed alr Qeith @SSAIfCIRRE] tLakikBM @dehn
vari ous oxi de dispersion strengthened 5 (ODS) alloys. Various coatings,

such as Tuéerimbe Beated eyendorhirmgsa carpGyner# combyustiaashicsl.. 188).r Inedt l@sketings
(EBCs) I e or_: e | i cati o | flCc ex

potenti al yb%éi ﬁrﬁ?lgba[ géfﬁg%%r 3I>1<1I(t: Rg'%geﬁ%ﬁi #tn%gabre e%%‘??@g& (dz)i %\G/Ii%g)(i)lﬁ&rgg&}\/lef%rgi tt
Cor poz@t isabjeqhighuiceaper auelr strdu@at(c @xChapdenaitdl Péddol AREE strbiX) 188 de thicom
di f f usi on- bondi ng process and using specialty alloys such as Inconel 617 to

enabl e opuPRiEmeRabeosiion gnky ghnsHek als smbadiphhths sacoysRpsbastion sEcapeeft

may be tr si g " e efi-tals t {sfy
R e T S
first powse ofjenmefoanheroumisysy erovidd € bignifivamt retleaioh inned@iboldicovbustioverglated
include a HRSG (e.g., 140), a steamturbine (e.g., 150), a first condenser
(e.qg., 152Y'51PSchiller (e.g., 156), and/or a second condenser (e.g., 164)

is generally inplenented to receive 15 the cool ed gaseous conbustion stream
and p?%dd@@‘}/%lt | 8ashlognaldnt tscefndy paey wengation \wygtelp. which may, for example,

comprise a conventional Natural Gas Combined Cycle (NGCC) process modified for full air
extraction, may be implemented to generate at least one unit of power/work. In at least one
embodiment, the second power generation system may include a gas turbine (e.g., 180) a
HRSG (e.g., 162), a steam turbine (e.g., 150), a first condenser (e.g., 154), a chiller (e.g.,

30 156), and/or a SCR (e.g., 194) as illustrated, for example, in the exemplary integrated system
100 of FIG. 1A and/or 200 of FIG. 2A.

-12-



stream (e.g., 160, 172) and/or a conpressed gaseous substantially CO2
stream (e.g., 170). [0048] At bl ock 310 the heated conpressed air stream
may, if oweizpadspw7sati sfy a design criteria, be heat edpPevams26onidrzey via a
suppl emental conbustion unit (e.g., 186). In at |east one enbodi nent a
reformer unit (e.g., 142) may be inplenented to generate hydrogen for 20
subsequent use as a fuel stream (e.g., supplenental control fuel stream
188) to t[oesiuppiebrickal 4 apihitstpodtionisd dny genérateawafboﬁraluﬁmgﬁemr(te,g tlhe”)
gaseous conbustion stream of the sup Ienental conmbustion unit may
subst ant i §° HesTHin aé%ﬁeﬁwf @i st 1Y x%cawerpm%éwﬁf(e 8- F&itor n%mﬂaﬂm
Ny provi i
e 551 onet B BT Bl O PR KPR IR B0 SRR I
may, for mo:raaqall@dro«:anrbpnIpscﬁiuatlmo(a@nhrcmnghlprd‘daummmtmc@onbl ned Cycl e (NGCC)
process nodified for full air extraction, may be inplenented to generate at
| east DnegoosI|t oAt lblmﬁrsllwat kastlapartion eb&ty gaﬁerawaitt(adjdm&ﬁbmdé bteeasxeca)gmlm)/\er
generation system may include a gas turbine (e.qg. éSa HRSG %L 162)
a st eam tPHPGHE- %@u&ted @5’03““3'&161(1?1’@? SeCinserisunb %%umt dor example;, mogprate
(e.g., 3 0
t he exen&oé{r% ggti,lor{?{e%q{ %aé%egcs%tléa&n% %108 g%%f'%._l %&p é,&&%{?]c%y or gjooéﬁtoéutmﬁp?%? hd(\/\o
2011/05955%PCT/U82010/049279 [ 0050] At bl ock 314 at |east a portion of any
generated carbon di oxide stream (e.g., 170") may be injected into a
reservoi r00%2]i NCAsass tyshpasoadtbnhd, aaudiidiened (stem, anEGR)thodsi g¥hérally yrovade
| east a portlon of the nitrogen produced (e.g., 114) may be Iinjected into a
reser i ra dovi ARIsE8e Dighediicrisyn hpdrogriber dRCQEry Pro¢hs otigh ippisassdr gower
mai nt ena [ I PRt e
car bon dlrbg%l (talggt ?ggﬂr#@mp 19%?9%}?10% y ga%%eﬁtcsi {r?lcu ag?ec thbgaér gﬁ?t I(ﬁzlt)%y
device s llrehiea]gned ttﬁ’mind&tlberTImfteltVﬂth Hugh G&amplaeyinatbdenet es woundugpicaly be
tenperature ck 318 represe s .an exit t out of the
met hod 3 eumt Bf A@sr@@%g?féﬁ 65Cht € ‘fﬁeﬂpre kffoyg cllg‘s%e K SPErR and

met hods  g&nRiAhdts, Y E,eee 088 mh9 1R Al t%rzhéMfuhfuenoeagilst%ﬁpﬁym@yt%m%ar bon
recovery process W th increased power production. Furthernore, in one or
nor e nts e S h |l e
ow B0 A0 i ¢ G ECRRGE TRATER 0 B, g plilIo) REIEShERR s B0
i n the gasdteofatian f&@B }Dh[a)jsmlﬁplﬂfyt @nbddi ek eiadchksreduxbbve hmva)b&nosholmr enlgsz;zh
enbodi nent s, @hydro%en may be ded to the | ow BTUf to.assist. wwth fla

st abi | i t YY1 Q608581 WY ef-HEs P 1 heunsdsrstend th%w %@ngweaﬁppbm&ﬁn%d to
various rH%:thfIﬁtS@% %8%@11@% %ﬁ%e&h&e\ﬁ% fiQEI8%d ﬁ&anexmé@rm\eﬂg)géegege & Bhon

di scussed above have been shown only by way of exa It should
agai n be ineldésssalbaticinhtavest meodifmeaginns, camdi mum@tlentmfféhn@dmﬂmn e Itiumi sped aral t he
partigul ar enb i ment %‘fﬂ' scl osed herein. Indeed, the present invention

i ncl udes “§PP° ee???ﬁ“ﬁ daMS i fi cations, and equival ents falling within
the true spi r|t and 20 scope of the appended cl ai ns.
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WO 2011/ 059567PCT/ US2010/ 049279 Clainms: What is clained is: 1. An

i ntegrated system conprising: an oxygen streanm 5a nmain control fuel
streanm WO 201120508%7n conbustion unit configured to recePce/saadoneribust the
mai n control fuel stream and the oxygen streamto produce a gaseous
conmbusti on stream havi ng carbon di oxi de and water; a first power generation
system configured to receive the gaseous conbustion stream 10 and produce
at | east @abagpr essed gaseous substantially carbon di oxide stream a second
power generation systemconfigured to receive thermal energy fromthe
gaseous cURMUSEIRBACKIS eam and convert the thermal energy into at |east one

unit of power.a, ideordid§ éﬁqgkﬁj-ﬁﬂain1l further including a heat exchange
uni t conpfgure %6%¥eceF€% t’he 56g§3eous conmbustion stream extract the

t her mal ener gyanfaxggert stecagaseous conbusti on stream and transfer the thernal
energy_to the second gogﬁg eneration system 3. The systemof claim?2

whereih the hedPa:¢oR ¢ ransfers the thermal energy to a conpressed

turbine air sty gaMm ebmbiktiod SERNEoANNEI HPRREALI M1 SORERMRO @l BardleRted
20 conpressed turbine air stream 4. The system of claim 3 wherein the

second poWwermgeddrcariygen stysnein [fradudecdrgaseneis debusiionsprpine feninglcabonidisstideon
uni t conf%gur q‘to receive the heated conpressed turbine air stream
receive a f'ement al control fuel stream and conbust the heated

conpressed 25 4 fifsbpsi@erddcheitib® 87Rtoh tcbnfifi@e® UPRLENE Micddas6ARt dotlbubtite] stehmeam
to forma conbustor exhaust stream 5. The systemof claim4 further

i ncl utld ngndwredusa adleast pepmpeaseqdgasepus wabssaslly canbor divxiderstistmeam  wher ei n

et rEn SRR Rty | ST - ol i L

pr ef er r eag@rls @binbastionl setarh ang esitctirte tierhilenepgpanider lcastde unit of power.
2011/ 059567PCT/ US2010/ 049279 6. The system of claim4 further including an
expander for receiving the conmbustor

2. The system of claim 1 further including a heat exchange unit configured to receive the
15 gaseous combustion stream, extract the thermal energy from the gaseous combustion stream,

and transfer the thermal energy to the second power generation system.

3. The system of claim 2 wherein the heat exchange unit transfers the thermal energy to
a compressed turbine air stream of the second power generation system to form a heated

20 compressed turbine air stream.

4. The system of claim 3 wherein the second power generation system further includes a
supplemental combustion unit configured to receive the heated compressed turbine air
stream, receive a supplemental control fuel stream, and combust the heated compressed
25 turbine air stream with the supplemental control fuel stream to form a combustor exhaust

stream.

5. The system of claim 4 further including an expander for receiving the combustor
exhaust stream, wherein the supplemental combustion unit is configured to provide the
30 combustor exhaust stream to the expander at a temperature substantially equal to a preferred

operating inlet temperature of the expander.
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exhaust stream wherein the supplenental conbustion unit is configured to
provi de the conbustor exhaust streamto the expander at a tenperature |ess
than a prwbenrigdossperati ng i nlet tenperature of the expanuars2016/049279 The
system of claim4 wherein the main control fuel stream and the suppl enent al
control fuel stream are supplied by a single shared fuel source. 8. The
systemof claim4 further including a refornmer configured to receive steam
and a 10 ¢ eactThensyisteed of @luigesd dmahdruntlngihg canéigudadicr acgiviag ahe chyidiggen,
wherein at |east a portion of the hydrogen is used for the suppl enental
control fo¥Bpusésirggih whereimile syrplemeypl epmbyntign Wl & forieyiateio paRvidomheof
the hydr agefbus®r CARR StkafiPlo RS AEndet St Mot Brafi¥S I&UNRI £ Al bl
including a reformer configured to recelve steamand a reaction fuel source
and f urt helket tapkraure ef tHeexgender.at e hydr ogen, wherein at |east a portion of
reforz;r products, the hydrogen, or both is used for the main control fuel
strea 11. The systemof claiml further including an Air Separation
Unit for generpfd §8tchh6r 2R 98Breht iRAMhin dehtroll BRel SYe4RMNAT thE |sﬁ%ﬁ1br¥1ént_al
wherein the oxygen streamis pressurized prior to conbustion in the nmain
conbust i centrel fucl PEamuThuppsiyd b msuzlacthaiah fadl saheseei n t he pressure of the
oxygen streamis substantially equal to atnospheric pressure when the
oxygen streamis received by the main conbustion unit. 14. The system of
clai m 11 gaher effe dybRmAdM clB8PARatHee thclitlidg akFOrmIeNehAL@sd o ictinegRBM3IAd a
stream and the nitrogen streamis injected into a pressure mai ntenance
reser Wi rreactppfod soyge aub updivy csdmroNdoe geraatedyttagcrehasein gf leasta nartion of

wher el 0. Uens5ER00. AR GRNGHALLAM.SHEMHINSHUPS 2 suppl ementa

conmbustion u con ecelve a suppl enmental control fuel stream
and the supplemental control fuel streamis produced fromthe pressure
mai nt enance reservoir. 5 16. The systemof claim 1l wherein at |east a
portion of thelEoprRdcirigasubersinanpdicanentian oy thedwgemgcnivsaptisesior gaals s
recircul ated back to the main conbustion unit. 17. The system of claim 16
wherein an exhaust gas from at |east one external source is

15 10.  The system of claim 1 further including a reformer configured to receive steam and a

reaction fuel source and further configured to generate hydrogen, wherein at least a portion of

reformer products, the hydrogen, or both is used for the main control fuel stream.

11.  The system of claim 1 further including an Air Separation Unit for generating the

20  oxygen stream.

12.  The system of claim 11 wherein the oxygen stream is pressurized prior to combustion

in the main combustion unit.
25 13.  The system of claim 11 wherein the pressure of the oxygen stream is substantially
equal to atmospheric pressure when the oxygen stream is received by the main combustion

unit.

14.  The system of claim 11 wherein the Air Separation Unit also generates a nitrogen

30 stream and the nitrogen stream is injected into a pressure maintenance reservoir.
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m xed with the conpressed gaseous substantially carbon di oxide stream 10
18. The systemof claim1l wherein at |east a portion of the conpressed
gaseous swboansPmlZl y carbon di oxi de stream i s inject ed PCHUS2@ 00269 VOI T .
19. The system of claim 18 wherein the main control fuel streamis produced
fromthe 15 reservoir. 20. The system of claim 18 wherein an exhaust gas
fromat | east one external source is mxed wth the conpressed gaseous
subst antilal | y Tar bgeendiofxdlde $4 rnaesitin 20e 3tcobdepsyat gmeadtioal Gistemml indheleeian

t he second power ?eneration system i ncl udes: a conpressor configured
to recei vEPRIEMSNtAT eybyston hait FORERHES tQ ICSHiSrde s pRlemsafahicaatreli fuckyticangnd

a heat exflanBfrild SARNIFAUIEEh G PRARNSIH hdASR oI SRIRURL:ARnh! eam
extract the thermal energy fromthe gaseous conbustion stream and transfer
the thermal energy to the 25 conpressed turbine air streamto forma heated

conpressed turhine air stream _ and . an expander nfigured to receive
Che hest i corﬂﬁweéﬁé%ednt r GiHE hw?heg?lpeatml%fd dgRorEPa Y %ega%nPWFanaSeous
exhaust . Bqlkifll )éﬁft%ﬁ‘d%ci&é @Al rodrel Bl tabetdBa i ciiRngton Dbt 1S a

ceram c heat exchanger and the heated conpressed turbine air streamis
at a tenperature substantially equal to a preferred operating inlet

t enper at ure of..t he expander. 2011/ 059567PCT/ US2010/ 049279 23, The .
system of el ai THOTSGREPERAT 48 HERTEARGIRR Lt TOTUR P RE O3F PP aFe sy a
t enper at UhRes WidttBOEdrapreysel @8seoliAbsanPLIBf @nbeAdioRas aléang i nl et tenperature
of the expander. 24. The systemof claim21 further including a

suppl Brent al conbustion unit configured 5 to receive the heated conpressed

t ur bi ' t : t . it '
emporat (e of e g o F oy RERCAORaE . poriE A RCRASRIN S 8550t on

of a supplbsteitiatlly catohdidxiddgtcantis @geoted int2dresdiidirsyst em of claim 1 wherein
a water streamis produced fromthe water of the 10 gaseous conbusti on
stream and the water streamis injected into a reservoir to enhance

hydrocarb@n regveiim ofBaind N8 WHGLEThO il %Bmﬁsfugﬂkg{eghlnis;d?%%@& SHons tLaM

is alowsalinity water stream 15 27. The systemo alm erein a water
streahd i sepraduced fromthe water of the gaseous conbustion stream and the
water streamis used in connection with at |east one of well work,
drilling, plant cooling, and a steam system

20.  The system of claim 18 wherein an exhaust gas from at least one external source is

mixed with the compressed gaseous substantially carbon dioxide stream.

20 21.  The system of claim 1 wherein the second power generation system includes:
a compressor configured to receive an air source and generate a compressed turbine
air stream;
a heat exchange unit configured to receive the gaseous combustion stream, extract the
thermal energy from the gaseous combustion stream, and transfer the thermal energy to the
25 compressed turbine air stream to form a heated compressed turbine air stream; and
an expander configured to receive the heated compressed turbine air stream and

generate a gas turbine exhaust.
22.  The system of claim 21 wherein the heat exchange unit is a ceramic heat exchanger

30 and the heated compressed turbine air stream is at a temperature substantially equal to a

preferred operating inlet temperature of the expander.
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28. The systemof claim 1l wherein the oxygen stream conprises air. 20 29.
A nethod for | ow em ssion hydrocarbon recovery with power production, the
met hod cowprnsli/osgsethe steps of : generating a gaseous comrbWdiSea0/0g2ream
havi ng carbon di oxi de and water; generating a conpressed air stream
25transferring heat fromthe gaseous conbustion streamto the conpressed
air streamto forma cool ed gaseous conbustion stream and a heated

conpr essexd. ai ITHRL §y8&M of claim DI adeimehepbowdesd cemp@ied Sfienir stie@mais cardon
di oxi de stream fromthe cool ed gasequs conbustion streamusing a first
power gerf@MBERBEC sipstaatglly less than'a prefersed Rperriing det teppeipiurn af the sxppder.
conpressed air streamusing a second power 30 generation system and
injecting at |l east a portion of the carbon dioxide streaminto a reservoir
to i ncredsle hylreayatehool @aiod2L furdrer inddd2 4 SOEA&6RA TSRO 0D 20iFigdtedThe

met hod_of claim 29 furfher includjng the st of. i.ncreasing the tenperature
of the héﬁlr%cﬁw&}ﬁ%ln %ﬂfe%or%nr?ssgii rtgb At sgFam gt Q@JEPWCEW%N% infgease

second PQUETclBASHAL IPNhe MRLRM compresstieBAhAg Sfcatd dhBLSP RBLSI bhe
tenperature of the heated conpressed air streamis increaSed using a

suppl emersupplemonts Ligmitioh fughstrean82. The net hod of cl ai m 31 wherein the

suppl enental conbustion unit is configured to receive and conbust a
hydrogen fuel source produced by a refornmer. 10 33. The nethod of claim 29
wher ei n tysansfEfd iy’@ni Be cheat ] Whersid Rewads eeeien ¢OpiIdstPtofl heamuko of i
conpressed air streamis performed by a heat exchange unit. 34. The

met hot0 ofgasgaais reopDusfia sirepnt ad ghe eviier sEngBust indertet HeaR Fradivay teasrhencels

di oxi de n%ﬁh%hr&% erated by a main conbustion unit conbusting a

m xt ure or oxygen an uel. 35. The nmethod of claim 34 wherein the oxygen
is generated by an Air Separation Unit.

26.  The system of claim 25 wherein the water stream is a low-salinity water stream.

15 27.  The system of claim 1 wherein a water stream is produced from the water of the
gaseous combustion stream and the water stream is used in connection with at least one of

well work, drilling, plant cooling, and a steam system.

28.  The system of claim 1 wherein the oxygen stream comprises air.
20
29. A method for low emission hydrocarbon recovery with power production, the method
comprising the steps of:
generating a gaseous combustion stream having carbon dioxide and water;
generating a compressed air stream;
25 transferring heat from the gaseous combustion stream to the compressed air stream to

form a cooled gaseous combustion stream and a heated compressed air stream;
producing power, a water stream, and a carbon dioxide stream from the cooled
gaseous combustion stream using a first power generation system;
producing power from the heated compressed air stream using a second power
30 generation system; and
injecting at least a portion of the carbon dioxide stream into a reservoir to increase

hydrocarbon production.
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20 36. The nmethod of claim 34 wherein the oxygen is provided as air. 37.The
nmet hod of claim 34 further including the step of re-circulating at |east a
porti on oWVotha/wsggshon di oxi de streamto the mai n conbusPCHUSAL049209
noder at e conbustion tenperature in the main conbustion unit.

30.  The method of claim 29 further including the step of increasing the temperature of the
heated compressed air stream prior to producing power from the second power generation

System.

5 31.  The method of claim 30 wherein the temperature of the heated compressed air stream

is increased using a supplemental combustion unit.

32.  The method of claim 31 wherein the supplemental combustion unit is configured to
receive and combust a hydrogen fuel source produced by a reformer.

10
33.  The method of claim 29 wherein transferring the heat from the gaseous combustion

stream to the compressed air stream is performed by a heat exchange unit.

34.  The method of claim 29 wherein the gaseous combustion stream having carbon
15 dioxide and water is generated by a main combustion unit combusting a mixture of oxygen

and fuel.

35.  The method of claim 34 wherein the oxygen is generated by an Air Separation Unit.
20 36.  The method of claim 34 wherein the oxygen is provided as air.

37.  The method of claim 34 further including the step of re-circulating at least a portion

of the carbon dioxide stream to the main combustion unit to moderate combustion

temperature in the main combustion unit.
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