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AT 2d3tg 43kl A% 27k diF 4% Vlee sUEA olilslea 4 3l 247]%(Carbon dioxide
Capture and Storage; CCS)°| HZ ITAE LR F5 1 gloh. & =FoXE CCS 7le 5 thiiRg CoZ ai%
8 " Zo) Azt she Co, AT E FHLE st =l #4 A7E 53 sk ol
EdZ g5 Ful A48} ek Ajketaat stk #A A -T2 €O, ARTNEEL CO,AURFAA7 &)L A
T 293 FHA CO2 40% 713e] HiEEs dhtE 23 @da F)elA ZRHE COE YA Y A4 AH]
Z 7kt solZeRlol} Hut 58 B3 75 §, HFH 22 Y HATl diER £d ol 2
712 A% 9 #EBhe Yes Tttt co, SFAFTA 1eEe A AZFRA) B4 2 A3 COo,
A% ZUHHR BHE Co, AUERFAF 7IiP]E, LAY COE Al i Ho|Zelo 7 443510 2 3X|of
FAAZI=d 27 EHE AN ZUE W MAu|7Ea B1g COo, AUERE Aule, a8l U3 T A
off 28 F AUE COo, F 7FeAd% B TAF FEE Hrlste] M) FRE Co, Aol HEF
h= CO, S RAFR7NE T 370 AlF-Eolel et A3rE QFF-ch FujellA] €O, A& 200595 E 3%
A QAo R skl do] AR 0w ANtg SR, & AlelAlE 200535 H 2009E7}
A A 7W7IES ANEEka, 2010858 20149714 19ET AR AYE T AWes 458 FE2 &
T Yk o8 B2 201597 BAL EE AL O, THYIEH AAsle] MR Sk 5 oy
o 3o} BF¥ 1004EF €O, AL 28 Fa7t 3t o2 B8 FF 20509714 Az 1998 Co.E A
3] mhd 229 olAe] Bgng-S ATkeks I A8 ke 2AST Qi

Abstract — To mitigate the climate change and global warming, various technologies have been internationally
proposed for reducing greenhouse gas emissions. Especially, in recent, carbon dioxide capture and storage
(CCS) technology is regarded as one of the most promising emission reduction options that CO, be captured
from major point sources (eg., power plant) and transported for storage into the marine geological structure such
as deep sea saline aquifer. The purpose of this paper is to review the latest progress on the development of tech-
nologies for CQO; storage in marine geological structure and its perspective in republic of Korea. To develop the
technologies for CO, storage in marine geological structure, we carried out relevant R&D project, which cover
the initial survey of potentially suitable marine geological structure for CO; storage site and monitoring of the
stored CO, behavior, basic design for CO, transport and storage process including onshore/offshore plant and
assessment of potential environmental risk related to CO, storage in geological structure in republic of Korea.
By using the results of the present researches, we can contribute to understanding not only how commercial
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scale (about 1 MtCO:) deployment of CO, storage in the marine geological structure of East Sea, Korea, is real-
ized but also how more refiable and safe CCS is achieved. The present study also suggests that it is possible
to reduce environmental cost (about 2 trillion Won per year) with developed technology for CO, storage in

marine geological structure until 2050.

Keywords: Climate Change(”]$*H3}), Carbon Dioxide(©]4t3}%t4), Carbon dioxide Capture and Stor-
age(CCS, oitatgha 23 9 A7), CO, Storage in Marine Geological Structure(CO3H%X]54173)
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e AT CoZ AAIE AT el «Co, Hld
ATAENE 2 PR 71508 3l el gaide] 247k 71

Z2QF) Ugsl7] Ysied WA W A S odaEe 2l
ARE] AT OISR (COE ol zRRION: Aut 58 %3
TEI o1F ] HHFH7RA, A i, A Sl
iR g ol 271 A% g »Maz e e
ok thEAQ ZATEASL ojAbstREA] Y] F g AREY
o131 280 ppmellA] PR o] F sHAse] ;fo‘?} AHgo® ]l

ato] @A 375 ppmS 2 F71514 1 (Gentzis[2000]), X]%"%* o7 F
7}0}0% 2100714] 600-950 ppmel] o]& Zo7 HE.

d(Intergovernmental Panel on Climate Change; IPCC)% 0%-?{-

SEIL QATHIPCC[2005]). ©19F 2% W7} & €00 H350 % 9ls}
of At st gl 7ol 2o} A sild A, a2

233, agEg Ul AE 22 W g dE, o sa
2 W3l 5 olokel sijokeld vkl FA7) o7 =] QITHIPCC2005],
Feely ef al.[2004], Sabine et al[2004]). ©]of X+ 2W3lE ¢43}
t7] fistel 19921 68 71Fstg ko] AEEGl B Fokie]
17k & ARS8 w224 (Kyoto Protocol)”} 2005
%_ T2 drasE gt wEo A ) vkl we} =), AR H-
5 BEAA R (9] 407) S-S 13F FeR|th
008-2012) Foll 247142 MiE%E 19904 715202 S 5.2%
Fasllolgt sir} Sejulekel 39 B4A1 7ol A 9jEo]
JA EA7R ELE o5 Kotk okokAlgk < 10wt
17}A wiESF 2715571 OECD %71 & 19, 20034 7150
252582 MCO:) AlA] 991, ollvi=) 2n] AlA] 109](200251)%
ket o, A2al TE717H2013-2017¢) Folli= Q3 o
o g Xgd sedel \ile olefl HulelA® A&yt
Al A= dixeta nE A el 247k vl Eil ¢
1 A9 W Bl dhg-g F Jlis R ZiE R g )
FHOE oFE Y Qlrpaelris [2006]).
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[2006]), VieHe] 7leR AAE I Qs FARA B FAeud#] 7]k
TR BAsp] st Ao dEE & 5 Qloks BEo) 3l
UH(Simbeck[2004]). B=8F, @A) talAd el L ofluvf=) &80

A 71erEE HAE A doF Ha 2050871 44| ouA
] 70% oPde] 712 gABI} AH]e A o2 APEItHIEA[2006]).

welA, 71&2] sAeudA] 71k olUA] $F D ATEERS §x8)
HA €O, MELE 27FE 7S 7]7} o] Nsﬂ,\pi 2= qli-
tjere 244 €O, E4 @ ARCCSy S 2oL Te Brd 4

ACHHE7 [5-[2006], BHE(2006], $HE21(2006)).

B R A SHF 07 71ewe dherlee] sz
AA FEE B 9l olabsleA T4 9@ AAT)S(CCS), 5
it CO = 'SH%U B2 5o A 5 A= €O sﬂ%wvﬂ
A7eg FHLZ 3lo] Hue] Bl At 8 X5k o]
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Fig. 1. Application concept of Carbon dioxide Capture and Storage
(CCS) technology.
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Table 1. Possible capacity and period of CO; storage according to target storage reservoir(iPCC[2005], Grimston ef a1.[2001])

A A uy A £ (GICOy) M 3715717t (year)
A 2 7}~ (0l and gas fields) 675-900 >100,000

A5 =2 (Deep saline formations) 1,000-10,060 >100,000

2] F A A €= (Unminable coal seams) 3-200 >100,000

8%k (Oceans- 241, A £4]) 2,300-10,700 Up to 1,000

Ab2dl 9l Aba daTlE 58 o8-8l CoE SlTele ‘X
ZAE A8 CoE UHAA YA H L= 7t
1A el 2 ol Zajelg o] LakAL} AgalA Adubs F5 &
SHA 3) FFEE COE YA HAT U Hallol
H717F QP A 0 2 Fleh= A R o] FARITHIPCC[2005]).
CO, zi?e}%%k& AA7)7+ BHsle] Table 10 71&% [PCC[2005]
59 ARE AR, g okl cos WAL IAFT 7t
2AH, ARdeE U Fidese] 717 o2 AEE < 9l
= Aoy Yt Fuz Ay 20029 o] A A bl
Z9 Ccoel gk 26 GICO,A& TR Al &gt co, 2
o) VS ddaict skt
CO, AFAAI L Aol #lde HAZ co.5 B <
Aoz A ¢ Qe JERA k2ol v, Avth, 35
5 7)1E ARFoE oln] 43 dAlel AYsk gl 71
ghde]l, =4 2000 m ©13ke] 4S5 T Aol COE AHulshk
AT AHPEE 1 vlEd 2 85 88 a2
o3 dAlEA o] g Ayt QElE Adgelth XFel ]
Af 1 7k 5o FaefulAl AdE Rl ol ded A

4

r

20} Bol& njel ol tﬂﬂuﬁ CO: A% A7 Al S W3et
I SEHIPCCR005)). & AW =7 99 22 AlARlE
S B8l co, AR 713 7eas Bk gte R EE} Al
£312 FAs] 43 A7Ieg st ik, 13 vlE £
2 20039 62 Y=ol A4 fElvERE vk 2174=0] 7}%1
8l Carbon Sequestration Leadership Forum(CSLF)2 3% CO,
£ 4y 9 AATIE Tlee IR TRt 3 7led
AL3s Faske AFY S S &s] Fstn Uk A
2005 99 242} A¥-717158 slal d(IPCC)3) ] ol - = €Cs9) 7]
=4 % 9 443 s S 9us] AES SR 14 (IPCC2005])
2 el o, B 122 1A 7158ty oAb 5 9
(UNFCCC) o)3HEI: ¥ 7|&g FA/NLAA(CDMAIIS 3t
Uz 91y oI~ %‘0&5 %«13}.?. %‘E}.
29 oA A ol
F1ka} %/“JZ—LPOK E——i‘«& -‘%‘—ﬂurﬂ-b AL, b—f—ﬁl\‘ﬂ S 2ol
Lo R B8 CO,
oA FAY S 83t she WIow Xéim g Aol

£31, 2006 11

WA Bl A7 FHA0R sk Jol AL 5
AREL o|u] S4F U ok AE Z7hS 014310] Fig. 29 Table ¥ 8|47 F(International Maritime Organization; IMO)°ll 4]
» ‘ " Snohvit -~
e N ‘ 'Di\a;;Ugen)HeEdrund : ) o
Y ) oo '&«» e ‘ ’
Abortasasm (43pno;ecis) ) ';"4 “..  Sleipner
« b, . peterhead/Miller—gg] _jCO2SINK
5 Weyhdz‘n o ﬂ(

i ¥ R K1237‘- g Yubai
Teapot Dome ~3&3 West Texas (70 projects) o° \.. Minama - Nagaoka ‘(
California—»] @ : e e L&

e o InSalah @
oo ‘ LETDF
3 proposals
o®
. Gorgon—g3
a Kevro :’:ﬁfﬁas o ‘ Monash
Storage - Ctwa ~
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A Acid Gas - current . scals ot Eouater

Fig. 2. Worldwide sites where CO: storage are planned and under way(IPCC[2005]).
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Table 2. Worldwide projects where CO; storage are planned and under way(IPCC[2005]).

Injection Approximate average daily injection ~ Total storage

Project name Country Storage reservoir type

start(year) rate (tCO,/day) (planned, tCO,)
Weyburn(C) Canada 2000 3,000-5,000 20,000,000 EOR
In Salah(C) Algeria 2004 3,000-4,000 17,000,000 Gas field
Sleipner(C) Norway 1996 3,000 20,000,000 Saline formation
K12B(D) Netherlands 2004 100-1,000(2006+) 8,000,000 Enhanced gas recovery
Frio(P) USA 1997 177 1600 Saline formation
Fenn Big Valley(P) Canada 2003 50 200 ECBM
Qinshui Basin(P) China 2003 30 150 ECBM
Yubari(D) Japan 2004 10 200 ECBM
Recopol(P) Poland 2003 1 10 ECBM
Gorgon(Planned)(C) Australia £92009 10,000 unknown Saline formation
Snohvit(Planned)(C) Norway 2006 2,000 unknown Saline formation

C: commercial, D: demo, P: pilot

Table 3. Status of technology development and cost estimation of CCS component(IPCC[2005]).

AFAAg ApAAY AR AR H] g
CCS component CCS technology 2 &) = a7 (US$/COy)
Post-combustion O
Pre-combustion O 15-75
Capture Oxyfuel combustion O
Industrial separation 5.55
(natural gas processing, ammonia production) O )
Pipeline
Transportation p . O 1-8
Shipping
Enhanced Oil Recovery (EOR)
G il field
Geological storage as. or ot ]e‘ > O 0.5-8
Saline formations O
Enhanced Coal Bed Methane recovery (ECBM) O
Ocean storage D%rect ?nj-ectfon (dissolution type) O 5.30
Direct injection (lake type) O
Nat ili i
Mineral carbonization atural Slhcéte minerals o 50-100
Waste materials O
Industrial uses of CO» O

jg.

‘é i 7111%0} aL o) 7o) e E79

5}_'; 1= A2 ek whyl R 3 CO,

> Al E=A akal ATHE71F 5[2005], IMO
?[2006]) o]g} 3E&- 1A SRR CO; B

:s} % 20131 O] Post-ILE xﬂﬂlobﬂﬁ

712 200541 Bradshaw®} Dance[ZOOS]Eq A (Fig. 3)

ol 215t ule} 2o} o0l Ago] 7R dorElEZo] Selvet

paaha rkeks golch. Seleh AdFY

A 27} Psted @Al 7R she AREAL L AAEARE A
1

Table 37} 4= olAbslekAl] X £% W A% 5
51 o

A, MR 7le B8 T
TAAOF CCS 7)Ee g7 AR
of| MY = Aol cs_l g
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A v grEs Rojwt)

1:]‘1/"74] o) Tl ;\];(1-}\%5‘1—\4—711
3} 2hlelM Fo8 I S

o) sl Aol &, V1EH o m obie] ehgsiet ek

71 A2 go] ok 178*011*11 Tes
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& Aelabx] gke A4 cCs
2 9o]

oA waEE EAQL CO, AR Q8= wg-E LA
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Table 4. Cost analysis of Sleipner CCS project by Statoil(TPCC[2005]).

Project Sleipner Snohvit
Country Norway Norway
Start 1996 2006
Storage type Agquifer Aquifer
Annual CO; injection rate(MtCO,/yr) 1 0.7
Onshore/Offshore Offshore  Offshore
Number of wells 1 1
Pipeline length (km) 0 160
Capital Investment Costs (US$ million)
Capture and Transport 79 143
Compression and dehydration 79 70
Pipeline none 73
Storage 15 48
Drilling and well completion 15 25
Facilities a 12
Other a 11
Total capital investment costs (US$ million) 94 191
Operating Costs (US$ million)
Fuel and CO; tax 7
References Torp and Kaarstad,
Brown, 2005 2002

a: No further breakdown figures are available. Subset of a larger sys-
tem of capital and operating costs for several processes, mostly nat-
ural gas and condesate processing.

o] Jipge] Bash} A4 A AARCZ T8]1 FuleME
ZAARCZT Bl CCS 71e/dE HHOoE vkl AT
o] AaE 1 Q) B3] CCS & Hok FollA 1H]go] Q7H
= CO, A7) Bols A433& Filshs ], 214 Adn]
9] Eolg FHe 7 sto] AW 100d AEE 2 d7AKE
o] X3E 1 ek, FulellM T AFFARLF A HeEee] 24
TREAR7|ENEARD, e ERe] ohialekaA|7kIx 2] (CDRS)
TEEARD ol @A 7l ES FREE s vk 2700l
ZAAR 2T §-83 CCS 7)) o] o] A Ao oifert,
HE EAlE €O, A% B3F Ao s Aojgt 48k v
21T}, Fig. 40l ¥i= vie}h o] whdl izl Zelely Al2Elo|
A €08 F5F0] 2718442 e v go] FZo] Hojxmg ¥
Ad €08 545 EFgheto] dgEos &5 9 AAo] 7k
A 7]9kE ZAER= Zo] Fasht). gk CO, USAHo)H
S IEs AL Ee st XSEQ] B AL s
o724 HA cCS A28 v§E7E 71U 5 g Aot
el €O, A7E Bobs XFToT dUEoE 7ls
7 =F0] YFEo] Qltt. CO, AR7IEL dAitolA 2005
JRE 1070 A1%leg «co; sEREVIENEAR 3AE B
8 B ow AT Y] ARtk d F12004]). & 8
SAE AT Aol i T GFEhe AR AT AE
), N4 @Euledn= 2 #d digh@Ed, ) 5
shokel sletyst 7|AZ sl §78, xdsk AAFE, 2HF

>

1o ol

g}, et 5 kAl AE dTRe] Hofsle] @fjok g uirz
3 COo, AANEES el Sk £ AReME= 25 o, A
A Aggo) Qlo] §xF ko) BEEu AU} & ¢
Zuehs ok 452 vz 3 co, 439 443} 7FsAol
Ego] FEah Qe AR AA A2 2A7AE &S] 9
3 4 2 A A9 FER FEI COo, AR AR
A Statoil AF2] Sleipner AR Fig. 5904 B vle} 720] sfjoke)
AolrES o 3k Qlok 53 AR A9 S A% 7
o] mekska QT YT} =)o)l Sejuekel v R 2 sljep A
A& A APt os Zzska gtk Fig 62 U9 CO, AT
AFEUFS) FREANE HojFe], 7 AR o] gF-E 3
k493918 LRehdItH(Ohsumi[2006)). ©1¢ o] sjuEAE8 o
232 3 Co, AA7IEE Selue} Hak oplel W AR o R W
& A7) AE R Qn), SEuElME AR5 APAKY
< F = A48 7sdE sk 2 Feot ol skl

o ri

3.MEZEX 78 ME Co, lUXSI=

“ELVER

HE olAtglghao] FAlge] 7hast A FREE WAkl
A 3249 7k, A5 GuiE 2 MRS 5ol A E
ek 71EH 0 R €O, B IAFTAR 7)EAQ) Ay 4 F

o)zt Gl = QAR fEjvelelx e &84, & A
ey o 7 eejuale] S fukadol Qe S5 §4 33t
o] Hlgkslol CO, FEA At 87 EAES o] A1 F ok
Zh= A kst u, Foke mvZ &, 53] Falle] 7Aoo
A g FF 52 8% 0 B4 COo, AP THZ]
Al 3 371 5[2006]). AEA2<)
e w240, FHAY, 42 2 3F T2 g = g
AFA o] SasiA ol vl d ftgite] \e Myt
ol QAlE W Fa T HE AR & ATRES F
St oAt} & HellA= 5 fEjvetelre] AErts 0]
pe vPlE & co, MelrlE, & Co; AFATA R fivts
A, AR Aol 9 Mus 5 AERAEE ofwA Hese

A& 2ol ZH e Sy 87k S ) 24%

Sl

3.1 f7IAH

-7}~ (0il and gas reservoirs)e T-F= A| AT 0T T4
o] =& o R FAHY T I ARe E5eE w9
(caprock)e] A8l QA AHAL] T2 7HE 2 TAE
AR 4 Qe wEe AT opch olst 7 2E ol A
713 kA COE AT 4 e, azdd F7kAdS o]
n] o] gaElo] XA 5o w3t W FRE Hista
Som 7)&Ee] Mabdn] 7)eES a8 0w E8sha W
of 71 #&@e ulg-o0 2 AHeA coF A 5 e Aol
ot o)A BA-S Zgslo] IARE ndE oA vk A
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Fig. 3. Worldwide distribution of sedimentary basins where CO, can

be stored(IPCC[2005], Bradshaw and Dance[2005]).
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capacity of CO, storage is about 146 trillion ton{Ohsumi{2006}).

Fig. 5. Marine geological spaces and relevant facilities of Sleipner CO, storage project by Statoil, Norway (Chadwick[2007]).
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Fig. 7. CO; storage technology by Enhanced Oil Recovery(EOR) method
(Source: [EA GHG R&D Programme).

AR FEE0] o iy oR 1915d Muttels FF4
202 HAVAE ATl Y A AA Z2AET} Sict. o]t
A Q] AFPATE nfgo 2 dAf Bgoel G5 5 oA Co,
S o) f-71del) ek d7vE 228 71a=n QITHIEA[2002)).

& HAE PN E ANEES T A8 )
27 COE Fske TR At &, frokadolN B
Tkl ApdAel gE o] ot gf-9 13} FgEe oF
5-40%°1 1, F7HH 0 2 Fo] FAE 58 23f 82 oF 10-20%
ot} o)g} o] w2 IeEE Ul sl AR
ofr] 33} #FE Fig. 77 o] AAER] {4 COE FUstke
293457 (Enhanced Oil Recovery; EORMHS &-43l] AR
She W T AR Q) o] A o] 7.23%E R 3]
58 4 oJohEhgat 5[2005], Anderson and Newell[2003], Van
Bergen et ¢l.[2004], Damen et al.[2005]).

AAAR S Z 200087H] 8471] 2 U BFS3EORMHE °f8
3 Z2AE7} FAH 00, JEAQ AHHZEE CO, H4RF
o] 74 4189 AAvtle] Weybum, CO, IAAZAGE
gt Al 3 FEE Aok Y8 Monash TEHEE &
olt}. vk} Saskatchewan -394 S8 HE Weybum 22
= 2t 2000358 v1F 5 Dakota A9 2] Great Plains Synfuels
oA ZA¥ COE 330 km Fo|ZE T3 MApckz &3t
SR Fol ATF ~1 MICOE FYaki qir}. o2 Monash
ZAEL F3 Gust 44 Aokl THE COS Ho)2E 3
8 <12 P o2 44381 Halibut, Mackerel, Yellowtail %!
Kingfish #319] s|qx|5e] $9510] 24 g3t

Zp2RelM 2] 7kA BEEE RN AE COE FUAN)
= 7IE 5 RAEGRE S o8-8t SAAF A7 IsEE 2004
He A2 47 kA Aol 8 oF 5-10% COZ ©F
Y(amine)>. & F23l0] 0.3%013+e] CO.E FAA7]n THE
CO2 9] 228 AFY(~1.2 MICO/yr)sld HeA7k29) it
& A7) AR In Salah Z2AE SAASTAYERE
SAro 2HE 160 km BoiZ =9°] Barents Sea®] 4 330m

)

(m 4

& o 7

& A

o COE % T 8K Snohvit TR A E} QgFolc} T
o] A A}, #49 9 ojgy go] giffEe] fUkAEE B
RA T AR HANAE Akl Q)= E8l-1 7t
2:7(2004-20183yS L8351 = I FHol oF 1-29E9] COo;
£ siAjHlgel AR = S o A5 RrkEA 5[2005).
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A AdisZ(Deep saline aquifers)> AR S 2 &3}
kA ofell FRIA EEHO 9o €O.9l T lE Yl WA
FHE 0] golshd, 1 A ALRHE ATARLE S
oA 7hd & A= deA Slth(Table 1). B713 HEZ 2= CO,
g Agapr] s A A4 2= B2 Y CoE +4

= £ AR ARl F49E COo:
TEE sk BRAEQ Gl EAECE stER V£,
ZAHEA SolA Frkad fARIT Co, Aol 7he et
F AurE BE AU oz RE 2 300 m HE o)) wiAb
Z2% 7K dEo] BRG] vy AFEold. of 5o
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Table 5. Estimated domestic CCS market and planned CO; reduction and storage in Korea(Kang et al.[2007])
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