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3.5. |AAX O|AtStEFA EE (In-situ CO, capture)
3.6. =3st0ll JI1=8 2e2l¥ (Hydrated-based separations)
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4.1. Oigl &=+ &

4.2 23|10} E4 2ZF (Ammonium absorption process)
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43. 5L d2e| &4 ZF (Dual-alkali absorption approach)
4.4. 2XH E&H (molecular sieve adsorbent)
4.5. O|AtSlEEA 22|12 st 2XF HIA3 “molecular basket”
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5.3. 223 = MPE0l 2852 AIE (Mineral carbonation and industrial uses)
5.3.1. 2238} (mineral carbonation)
5.3.2. A0l 0|2 (Industrial uses)

6. 81X CCS Jl=2 e E=

\'
[}V
rh

]
K
A
1

2

DACER

Digital Information Center for Emaronment Research



1.HE

20MID1 B0 S8 A =S58 o122 SIt 12l 0l Ot=el WX 4810 EEXHOCZ SItot
ULt Sol H2 =1 &gsta 0 Tet dUX 2810 OS SototHl =) 00 EIAIA =
S 2W0lets HAXIE W=l ULH
21212l O X & 2 HISH elsts, 2132 U X AdlE el
Ol&totEta BHEES LB LD UCH SN HAH XIS < 85% 01&0l tHHS2RH UL
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UL HNE ZAAIZICH
SFAEAZO AIZBCOZ QIo LMol S4 HIILQIESE N 240tA (Green house gas: GHG)=
EENOZ st 2HEZS OIIAIDIA ZIMH Ol EXI2E MH2UHN 2 2HE £ UL oIzt
Of =0 28 OlASHEFAC| BIE= 19909 Z B0l 7Gt/a EEUCH 0l= =2 3ol 2
St SAHZOl HAN 28 240101 =2 T2k AN e IFET 2A2b LB UL

H 1. A2 WX AFSEE (1900, 2001E) (Yang et al., 2008)

X & 1900 AtE 2001 AtE
MTOE % L= unit MTOE % L= unit

A B 501 55 2395 24
SR 18 2 3913 39
HHIA 9 1 2328 23
X 0 0 662 6

XH 28 Off LA X 383 42 750 8
Eg=h 911 100% 10048 100%
ol 1.762 oK Ot 6153 K Ot
el 121E UK ALS 0.517 TOE 1.633 TOE
X Ol&SEA BHEE 534 MMTCE 6607 MMTCE
101 OlAtStE A HIEE 0.30 MTCE 1.07 MTCE
oIS Ol &tstER A 295 ppmv 371 ppmv
JItH=Z 47.3 Years 77.2 Years

TOE : Ton oil equivalent, MTOE: million ton of equivalent, MMTCE: million metric ton of carbon
equivalent, MTCE: metric ton of carbon equivalent, ppmv: part per million by volume, XH24 0l L4 X]
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OIdSHERAE B0l HiEotle Mo 2= Ost DEJAS0| EMMat] UCH E 20M= 0&HE
EtAE NEEOZ HiiEcl= AtE=2 UHEIHUHRUCH E 20K 2= HIQ 20 =2 IAAHASE Al
Eote dELH|, MIHE Hx3d, 8M, 24, 8Repstdtd, 875 2L JtA SHO0| WEHQ|
H S0l &N AZSH Hi2F 20 LEEHINA JHE ZH2 0lAISHEHAZE HiIESHD UASS & = U
Ck. &8t J8 10l &MAIN 2=E6i A= OlatstErAS] A IS 2 LIEFLHACE.

I 2. O|ASIEHAE HiEole st A E (HE 0.1 MICO2E HHEdts A2 H2oHRS)
(IPCC 2005)

Process A %= O|AMSHEHA HIE S
MtCO,/yr
St Z Power 4942 10539
Cement production 1175 932
Refineries 638 798
Iron and steel industry 269 646
Petrochemical industry 470 379
Oil and gas processing NA 50
Other sources 90 33
HO| 2 DA Bioethanol and bioenergy 303 91
= 7887 13466
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A HIZ0| =O0RICD 20580 QUCH CHE JI=0l diol & &S0 AKX 2/ LIEs &E
©Z Qlal post-combustion processE UME %= Us JI=2 A HJLH 1O =2 Jlsge
membrane gas separation Jl&2 & %= UL
Air
Flue gas
Fuel g

Energy CO;,
conversion separation

Y

Power CO,

8 3. OlAtstE A ZHS 28 0123 A& S& (Yang et al., 2008)

2.2. O|AHSIEHA 22l & 3|42 st JIASH 23 (Gasification)

Pre-combustion processUlAl F&le dze H B SHUAM JHER(FAHIIAL FA2)0 It
ASHAES F<L) 21 shift reaction0fl 2o OIAFSIEFAQL =40 E&S2Z MEHECH 0lM Ol
LArotEtAE MEE DA S8 WO =42 2eldd elE 4= gas turbine OILE HE XK
£ LIEtHL JACH JtAasH D

g 7 ZH0I0 O M $=AQ Lt
EtAJF MHECH Ol MHE &4 JtA (syngas)= ME A QI combined-cycle power plant

[AE HHOZ 22 A2 0148 2AS IGCC (Integrated Gasification Combined
) Cl
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£ 3l = UKL LEHOZ B0l AtEots
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|& 29 (pressure swing
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N =
MEA absorption process)2 AlEols =2 S
ol BdS2 HEESZ & %= UL =22/EQ &4 22 HuE HE-IH
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Z 2089 =2 01=2] North Cakotall Great Plains Synfuels plant0l &S Atéll
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Ae JI=2 otu
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pulverized coal-fired planttil HIgH 2CF SU&E0l1D Ol= MZ2 plantE X M 2H= 2 &6l
Ct. US DOE (Department of Energy) 2l =4&tHl 23 2000E J|E2 2 pre—combustion process

E MEGHH HME MAHIZ0| 25% Sotetttn 0510 UL 2 AMAHEES AIZ6HH 2IE8He =2
SHZ ot =2 M 25% =2 5L HIES 10%2 =222 ¥F= A0ICh

Alr Alr

et - ———

e Fuel C0; | Energy
conv rsion | separation "l conversion

w

Power

0 Flue gas

O 4. OldtstEr A ZHS 9IE JtAS BE (Yang et al., 2008)

2.3. O|AtgEEA 22| 2 3|£E 28t Oxy—combustion (Oxy—combustion)

228 220 WX e X2 2UAl

Oxy—-combustion s UHME &8 &tAIJt B3I
EC0H o8 Jisgt 2% 89 oteiz furnace

H s=& 0IMaE A HiJtA

>
Q'E
rr
@
=
0
m
Q
o 1r

2LE R A= LA OlASHEFADL =8 & S#Z UM OIRHXIH 0 2t
B JtA0=E =2 =% Ol&sHEFARN0l EH &0 8 50l M= oxy—combustion 2&2| et
ol ZHETE LIEHHD UACH B JtA0= E2ADF e 820l S LXta S 2D 32
2 YPYHOR MEE = JI=0l 2dh B JtA UM HMAHAECH SO0t MAE = i JtA=E A=X
A JN1ESZ 2 90% ==2 OIAFSHEFADE Z0F AN =0 WMekM Ol AtstE A S| FIIEel 2
el 2&0| 2220t H=dl =00 MESHHL = OE ME HXIIZ 0ISAIIIH Ol ASHE
29 22l ¥ MEOl Ul =T

2 Jl=2 JtE ERE HE2 0|MSEAE 2eldte SHAH NOx2l HMHE <st =Itsol 3
Ol Sl0iE ECh= 240ICH 2232l Ill= AFADH| HAWMEN FLED| 20 =H & H Ot
Jtsaoldl HE0l SO, scrubber?t 22 FIHAEQI HXE 1 3AJIE HA Y = U 2 JIs2
HE2 80,2 s&It =2 Z20= &2 240 RHEC= 2101 UACH

Jl=2 OFADMAl JHESHW U0 =I| post—-combustiont HI=atCE. =J| Hl

= =Y\ La|E=2=2
22 USDZ 2040$/kWZ F=AE 4= QO M S35, MAE 22loles Z2H0UA= &M sl <
23% U A 37%E AHIGHH HIE2 chemical absorber?t Bl==otCt
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Fuel

o Air i Enecrgy
5 P
‘ s < > I
7| separ tion conversion e
N> CO,
O 5. O|MSHEEA RS 8 oxy—firing 2& (Yang et al., 2008)

2.4. Chemical-looping combustion

Chemical-looping combustion (CLC) JI&2 S5t OI&SIEA 34 Jlasg HE22 ALz

o AENO=2 CHURXl ADME HAD oL O (&0l HIE8 H4A (unmixed combustion)
et E2II1E SHCH A 28 HIQF 201 H29 BI1 A0|S] B A0l H=0| s Al At
E SHT= WHADIE JAUAM B8 222 0ISAAHA == IS &0 ALES HOHGH= OHH A
Z MEE = UEsE A2 metal oxide HEH2 HE2 LA Fe,Oz, NiO, CuO, Mn,OzJt UL 2tef
SHAHl Odgl CLC 23 &= 108 60 LIEHLE QUCH CLCe S Mol BtSIlZ2 2T 0 Stite &
It otLte HE2JF S0 A= BtSI|2 RHECH OIIM ALE Gt 2 20| S| ALOIE
SOCHLIDT AE0F HAGlE A2 SAECH I €0 Uz 2SIl OHHM O &0 2ol
ATl (181 BES), HEJF S0U=E BrSII0= metal oxidedt A= 0l oo R EC 0 A
UM P22 0l&SEIAS S0| MAECH (28 B3).

O; + 2Me = 2MeO (1)

CoHm + (2n +1.2m)MeO = nCO, +1/2mH,0 + (2n+1/2m)Me (2)

OlE & BtE9 Bt 20 2o ZMols WX 20l ZHECH 18 HIE2 LS 0IH 2
H BIS2 EZUS0IXE HEH ZR0= d= 2 AL DHOHAMS BHS0| 248t 2EetsS0l SIIE
StCH. OIBXCZ= 2E HEHS HEIF CLCUHIM ArS Jtsotch

CLCE MSXHo=Z ASHHRE oL AW dioh 2 JIX E&E2 JHIKLD A=dl 1) 3910t
SHJAE BISI0A LMot= B0l JtAs =2 EAN)2 RoliotH 2) & e AAENAE
=X %22 2E0lM S0l S0l &b DHOHAIS! THA0I LHLID| 20 & NOxIt ZAGHA
Z=Ch iDIDIAS 8 HE22 0latstEA R S0I0 OlASEIAR 229 E2le 2UNME SaiA
Fcl Jtsottt. £8t 0| B2 dSHE2E AIZZ 02 amine scrubbing S&0l dlol &2 0l
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12 7. Liquid amine—based systemOll M2 O|AFSHEFA Q19| BFE J|& (Yang et al., 2008)
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4.5. OlAtSIENA 228 st 2XF HEA3 “molecular basket”
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(—NHCH;CH;)—(—]:I— CH,CH,—
** CH,CH,NH,

Polyethylenimine

Secondary and tertiary amine
facilitate desorption

Viscous liquid
Slow CO; adsorption/desorpt

* Uniform, “tailorable™ 15-100 A
mesopores

« Narrow pore size distribution .

High surgace area .

« Large pore volume kinetic

« High thermal stability

¢ High amine group density, large
amount of CO; adsorption sites

2 9. MCM-413F PEIQl X (Yang et al., 2008)

Mol
O

HzN
H2N H;N
PEI in Nano-porous channel

Polyethylenimine (PEI)
« Large pore volume nano-porous support can store large amount of CO;

* Branched CO;-affinity polymers provide adsorption sites

= Dranched aminc facilitate the desorption
« Synergic effect on the CO, adsorption capacity and adsorption kinefic

between nano-porous support and polycthylenimine
JHXl= molecular basket2 JHE = (Yang et al., 2008)

8 10, =2 HEE =
4.6. E4dES 0|28t EF

Anthracitee =2 HEHAZ Jikle 24HE2 HXot=eld RS g 222 AIsSE = ULL

O AR A= steaml= &A3IAIZ! anthraciteE 016t 0| AHSIEIAQl S=
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SHOF MG Sl= 242 20I8tCh JiAa Xt S22l PR X A01Q 8l S2t2 Sl 0l
SotAH =0 Z2iH AFE2 0ls2ez 2all channelldt gap AOIZ JIA X0 &£ CHE2 gapl =z

30
x
L=}
o
o
0=
|T
€T
e
4 H
FA
]
2
I
Y

AZAE 2 FC2 0lsE = A =L It

o
o
!
T 4

A9 d8HQl Ols2 SEIVIE e MEsS Soll Jtsotil =t 2 3J12 channelllAl &
SO WHEA OtA 22Xt 018E == UKL HAZXO0 CHE dEHES AR0= RO0tX= 2H Ot
ULH Ol oA £He dEE FUE A0|2| trade-offE & Hot= WHEOILCH.

gEdig2 =2 =2 JASE X R0t 2 R0 HHtAE 22g = Y= HluwE HIE0
S AREH=s 2802t g = UCH B JtAUS OlASEASE BEY S 01E6tH =2lotd &
22 Bedige AL=Z0l MEts LAt 2 = A= 2 It S2HME S0l EMEtth 0l= B JtAW
O Ol&tatEtAol s&Jl YE ER B2 22 JtAJ 2ot &0 o tAS 250 =2 &2
Ol BEQO0l &el MAEI 0l B JtASl 2L HEH QS E2l SE=S AE06H)| &0l
100=M OlotZ d=2tdi== Wd S0l 2ot =0 8t Hi JtALH0I BECIS] FA45 22
Z = As 4201 ZEEH UAS R0 BEHC 22 SEES ALEo6t)| &0l 018 422 8l
O OF ot= 2HMEO0l UCH. AL BECIS 018 R JtAS Ols=2 BEd2 A0S &5
THHOIl 2Ioi OlSotAl TI=0 Ol S FHHE 2S00 =I| fIiMdsE EH=2 22 WX &

QEIIE SHCY.

sy ol HEAE st Z2IHY 28 HARS2S =2 ployacetylene, polyaniline, polyarylene
ethers, ployarylates, polucarbonates, polyetherimides, poly(ethylene oxide), polyimides,
poly(phenylene ether), poly(pyrrolone)s, polysulfonesE OI&otACH 1 110l= Lptyo=2
2Ol AI2EEsE 22 Z2/00 et REE UEHHJACH D2l ZeHAHEe HEYelo Hds £
H 401 LHEFLRACH

ron
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Poly (acetylene)-Poly {1 -trimethylsilyl-1-propyne)

Me Sihdes
Me (8] 0]
Me R/‘

Poly (arylme]-Bpmm

O

Poly (arvlene ether)
6FPPy-6FFBA

Me

OOt

Me
{Poly {carbonate)-PC)

—CHz-CH;—0—Paly (ethylenc oxide)

0 0
0 0
Poly (imide)-PMDA-pPDA

FaC  CFs 0

Uy

Poly (pyrrolone)-6FDA-TAB

@—N]y (phenylene oxide)

Me 0
—O -
Me 0
Poly (sulfone)-PSF
O 11, OlatatErs ZelE fo AA8E= OYst ZEelHS2 #*#x (Yang et al., 2008)
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o 4. OIMSEIAS EAE 225 fdl ME2E= 220 HEo eyl 2dE Sty ¥
HSEHE (Yang et al., 2008)
Material Permeance Selectivity
(m®/(m?Pa S)) (aCO»/Ny)
Polyimide 735 43
Polydimethylphenylene oxide 2750 19
Polysulfone 450 31
Polyethersulfone 665 24.7
Poly(4-vinylpyridine)/polyetherimide 52.5 20
Polyacrylonitrile with poly (ethylene glycol) 91 27.9
Poly(amide—-6—-b—ethylene oxide) 608 61

ds= LIt

4.10. RIIS2HES HEE 2

I8 A By e2 U344 (porous)dt LEE FE(dense)E AAH U= = UCH U3 H
2EE IHNeE RIS HZS HEYHe2 MetY £= == HE XA |0 e 348 &
S MRAM HSHELCH W10 AtEE = XXMeE B2 JIHE 2EE =010 =2HE
XM& (mass-transfer resistance)2 %= S &S StC. Alumina, carbon, glass, silicon carbide,

a—alumina, y—alumina, zirconia, zeolite, = U334

=
AHQlA AR 22 SEY €2 U348 NAMt SH A=, S88 JIsIIE e =2

g
AE =5 ZEAIZ EH JHE YHES AE0t0 HEY QS 4= tiRe Jl=k #EY e 4
SE A A S AFEEZ D UL 0lefst HE D=2 Soff 2Ed 2 B AS 3|

ot JINEZAS Euds gat Al2d = UCH
LIE RLTE Ikl BEY Q2 F=2 palladium E£= 02 &2 el zirconialt &2 104
MOEC e S22 FHEHN USH 0 HEY S AL A4 F2|0 SHECE ASE
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QULH JtALS] 0ls2 solution—diffusion J1&0ILt charged particles AFOIOIA ZOILIA = Ch.
dU Ol G342 JHlls g2 20l i ¥ SUEE UHEHHI 20 O ALSERI0t T
& A8y eld Hioh §X= &L

g 120ld= O34 RI128 HZgo "Edels S8 JtA =2el JIE (Kundsen diffusion,

surface diffusion, capillary condensation, molecular sieving) € 22 LIEFLHRUCE.

4

IJ 0B

A, Kmudsen diffusion

B. Surface diffusion

C. Capillary condensation

D. Molecular sieving

O8 12, N33 E Ikl BEdielS DM X0t Sus6t= JIE (Yang et al., 2008)

4.11. 32 Y282l (carbon membrane)

A 2el2 {st It2 HEY Q2 thermosetting Z2lH 2 pyrolysis € Soll SHSHEILCH O] I}

HMEEOI pyrolysis® 2% = 5000l 1000EMZ FB2SEO =29 HEY QS 0|2E 22l &
Ol et ZEEILC}. PyrolysistEE H&E Zell= 1nm 0lote AJIE JIXl= H=2S

Hu
g
10
e r

2ot RLEC Ol X4 AJIE 0188 JtA 2elE JisotAHl ot= MZ3J10ICH 0IZ
SOH& HO Zgst 3712 MBS 0186t JIAE =22l = UK [ets 2

O =) 2 dggels
olgst & JtA 22l JI&2 XAl (molecular sieving) J1&0] HEXOICH It HEY oS
OrS)| 28t 222, WYl =Hl Yy, 3 E (carbonization)2 2 HEYH QIS H52
HR5ot= == Q0101 2 £ UCH &4 A8y ele JAHAER S a-alumina 22 34
NXME 0126tH SIHAIZ == QULCH I HEYH o2 D20 M pyrolysisE Soll 2t= 0 XID|
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Heo =2 =t

0l &XMot= 0l

220U HEHQIMNAL JIA EXH= mesoporous 8 Z=R0OILE X
= b

O0l235t0 Ol=sotAl =t M2 SAZ0| Hixzsh Ol&tstEtA S EAIE AU S IJIHMILE Ol&tst
A2 =401 A0As EIIMUAM 20 fH2 2= JHs JtASE dE8oP|ll= Z=F0ILt
£ Ol=s Bz Hgotkl Rt Sz e UL LR0ILE MEote Olrs #4&H
40l £ otstd 12ll) X2 ddol tEo)l W20 222 Hi JtAW0 EMHots JtA
HA2ES Fclobdl g FBdele XNXMZ ArZet. ZR0ILE #Edele JtA 2el &§82
=017 2ol Ctst JHE S0l HE-ALL E2 22 X RJ=0 1O Olss 2=0

Alelt(silica)e O MM RESE Al HiE 5= JD HEXO0II| 20 OIAMSFEAS HEINO
2 2o > A= g2 es MESH| /st 2EE ST ASIAHL2D UL dUHEe=z E2
2Z0A & HEF Loilise L20IULE MSEE A (oxidizing environment) Il A2 R EIF XIS
Moz Hole It HEY s g2l Aeldte &tet L= SJATANAE SH, s&tS, XA
el AUJ| W20 1 Ar= 8O S0 Aot dEyels HXols gye =2

414, H220lE g0l (zeolite membrane)

In

M2et0lE= =4 channel® &0l 0.3 0lA 1.0nm 2 BAE JIX=s 2Ls HMBREE It
Xl= aluminosilicate2l Z&XI0|C}.
ME2olEs 213019 S=Z(cavity)2t M2E JHX1D JAN =2212H

o
on 2XO JJI9 2L Mot SHEO=Z Y BXNE SHols SAS XD UNHA A
x E

222 ol HSCHoIEs HAESH 220l|ct of2CH HS2oIEE olgst JIMEXRS 22 JIE2
EXHH (molecular sieving) £2t2F EH 24 (surface diffusion) 0l =2 0|2}
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A =22lE flet M=Sc0lE FEdiele getEez AfeldA A8, a-alumina £= y-

Sl 04D ez 2HH=S0A 48t M=c0lE F=g ez t

x
rr

A S5 S30A 2dote S+E2 +2o<HEEA0REEAY =A2 SOttt 0 =
= S

2k2F 2Xe| MO S M (electrostatic properties)2 =Al2t LXISHCH MSCH0IEE 0|8 0]
MSIEAS 22| F2 Y2 2T 0A OIAMSEIA/E A O|ASEA/HIE, O|AMSIEIA/ZA AA

oA 2201 =0 Ol Ol&tatEAIF TGHE JHAG Hiol MSctolEQL 2e 22 ddotll [

ECE HHECH OIAMSEA/EA, OIAMSEA/ME AABOA OlMsEAsE H2 ENIVIE
XD 20 =2 250 AME SUS0l =0 ddl 212 28 AIAE0IAMS S S (selectivity)
= JYH0 o= 2ol ME =mAts ZUE Z0ICH

4.15, E8 HE=AS ol0|Eel= &= 2

J

ZXAM RE=E X
olel ®2 Jis4d (processibility)2 2

ol AgS e 2 2ESE JHKA otH =
Ct =2 = UCH Ol0 CtLst EEie =8 HEZEAE Jils ZEYAUS MHEstn JA2H

polydimethylsiloxane-silicate X &ol= polymer—zeolite, polyimide—carbon &AtAl, polyimide-

rr

Mo ole It £3t

O — Ul

processibilityet S XtMI2l selectivityES =

silica, Nafion—-zirconium oxide, HSSZ-13-polyetherimide, acrylonitrile butadiene styrene-

activated carbonlt 22 E& MHEZA HEY Q0| HEZJUCH SlHAHZ S B oo M=t

OlEE M2 HEY QS ItA EUE= N2B201EQ} ZLlMHIt JHXle Jl2Xel S50l Tet €
ct&ICH AL 2XAe ZelHel HHUHAM 2RE Z80l AS ZR0= O X =H0ol Hid
BNOl JtA S80I 4TI W20 BEH S =2l S0 EUHXA &Lt 0lfs 2HE HZ
StJl <ol sonicationdt decantation JI=0l EEENH AIEE 1D UL d3HL=2 =8 HESHA
£ Itz BEY S MESH| AdiME HHUAN LHE > A= S22 M HES HSct
OlEQt Zcl0ie &F0| BEAl 2R0tCH oFACH

EEESA WEY QD HIx=E HES ItXle Gl0lEelE ey U348 2I1 XXME
Ol&tSHEFASH RISEI £8 SSAEFC=2 HESIH s = UCH SAHSG| LotAH E8 HEH
A dBgolne 252 Hlot)| ol ol0IE2IE HBEY S HEH IHE LI HEYQl (surface

™

modified inorganic membrane)0l2t= E8 S M= 210l O HYosICH ol0IE2IE dEy ol 2
a= A= polyether—silica, trichlorosilane—y—alumina,  oragnosilane-Vycor glass,
tetrapropylammonium-silica, titania—trimethoxysilaen, y-alumina—trimethoxysilane, hexagonal

mesoporous silica—aminopropylhydroxysilyl 1t 22 2& 2| X&0| =& 0|81 ALt
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Facilitated transport membrane (FTM)2 =2 &
HEo O

4.16. Facilitated transport membrane
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HMAIIAS| 3£ (Enhanced Oil and Gas Recovery, EOR
(Enhanced Coal Bed Methane Recovery, ECBMR)22 =0|

8 XN&s ME JI=0l Jl=H SHUAM It i

S S0 UL 0] JN&se As &
= EGR)2 AEHE BIEHIIA &l
= 2% Ol JIXILD UCH
AN HYE 2 222 NIK ME Iz =
= SaE0ler BEE 2~ QUCH
5.1. XAIZSMAE (Geological storage)
& Jlse tugst XIs 72X &, 220/LF JIA &, 20| Y= 22X (deep saline) S
&ot= Jlsg 2res P2EX= 8 132 20
— Produced ofl or gas
:'; A Aco:
SN Stored CO,

INEEPN

Ol OlatetEEAE N

Overview of Geological Storage Options
1 Depleted oil and gas reservors

2 Use of CO, in enhanced oil and gas recovery

3 Deep saline formations — (a) offshore (b) onshore
4 Use of CO, in enhanced coal bed methane racovery

2 13, OlAtsERASl XIE HE 2AIE (IPCC, 2005)

O|AFSHEIA Sl XIE MAES DA HIE SUHAM ZEE O|AMIEAZS S50 012 XNEDH OfeH
2 Z=QSIAH ECH ol X=0 Y, MHIA, HIZ2 22 SHE Zestl A= 249

K& XU OIASEFADIN SH Z= A0ICH 0 [ OIAMSHEFAS] MEN Al2E 4 JAs ISP

X SXU IO g€@4d= 2= €8 2X (sedimentary basin)2t A&t=0| IS5t
Ol AFSHENA XIS MEN 2EHE s MHEO RR2E XAHE D QUOH HENHOZ2E =l
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FH

Ol Sleipner project, IHLICHS] Weyburn project, 2 Hl2l2 In Salah projectE WZ £ %= UCH (
(o] (o)

5). H 50ll= &M HSO0IHU HESQ Ol4tstets s M Z2MEES U

H 5. OIA3EA XIE ME Z2RE (IPCC, 2005)
FUAIE "I = A HEE"E MEX
T2NE Ltct
e (tCO,/day) (tCOy) N&E 32X
Weyburn IHLICH 2000 3,000-5,000 20,000,000 EOR
In Salah 2H Ml 2l 2004 3,000-4,000 17,000,000 Gas field
) Saline
Sleipner L 290| 1996 3,000 20,000,000 ,
formation
100 Enhanced gas
K12B HEstE 2004 8,000,000
(2006¥ 1,000) recovery
Saline
Frio 0l= 2004 177 1,600 '
formation
Fenn Big Valley IHLICH 1998 50 200 ECBM
Qinshui Basin == 2003 30 150 ECBM
Yubari U= 2004 10 200 ECBM
Recopol =etE 2003 1 10 ECBM
~ _ Saline
Gorgon (H &) s ~2009 10,000 unknown .
formation
~ Saline
Snohvit (H&!) L2901 2006 2,000 unknown .
formation
51.1. A& H& Jl= J|1&
OIMSIEIAE XIS 2AX0] =LAII= Jls2 2Y, JIAQ €A £= 0|2 MKRols HEUHAM
il 82H AIZSZOHE JI=0ICH o0 28EE MEJls g2 £= JlE (well=drilling),
X

) 2 88 =&
FeJI= (injection), M&E= <X 2 M& 2o Hal 52 2UHE &Il A AI220ld Dl
=

Ae 2 (hydrocarbon
QOM OlH OlatstEtAE
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I 8. CCSIl=2 =% (IPCC 2005)
Economically
CCS Research  Demonstration Feasible under Mature
CCS JI= -
-4 phase phase specific market
conditions
£ A (post—-combustion)
o
& HAA (pre—combustion)
z& ¢
Jl= Oxyfuel combustion
o
Industrial separation °
(MDA 2H 5)
Pipeline
[ )
S
Jl= Shipping
o
Enhanced oil recovery °
(EOR)
Gas or oil field
o
WNES
N&E Saline formations
o
Enhanced Coal Bed °
Methane recovery (ECBM)
Direct injection
B} ) ] o
off & (dissolution type)
N&E Direct injection °
(lake type)
Natural silicate minerals
o
=3t )
Waste materials
o
Ol MStEIASl AHA Ol=2
o
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