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Abstract — Carbon Capture and Storage (CCS) is a mitigation technology essential in tackling global climate
change. In Korea, many research projects are aimed to commercialize CCS business around 2020. Public accep-
tance can be a key factor to affect the successful proceeds of CCS near future. Therefore this paper provides a
concise insight into the application of environmental impact assessment and risk assessment procedures to sup-
port the sustainable CCS projects. Futhermore, bottlenecks regarding the environmental impacts assessment and
related domestic and foreign legislation are revised. Finally, suggestions to overcome these bottlenecks and rec-
ommendations for future research are made in conclusion.
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1.1 OAISIERA R o M THE
ol xkslekA %] 1l A% (carbon capture and storage, CCSY |-

AG3ketad, sl d s, AMERE, AR 5 3deE F
A Lo w AaRs CO, t Ml Lol Bashs olikshe

>

2 WP71Z wEE] Al I% 5, vjo|zeila} Adut 55 o]
83l Fatar, v o5 P74 0% Aelshs 7lEo|thFig. 1).
A AAR 0= G4 AlE SlalA o] Wto] AL gl
=, 1 FelA S8 B A AS 2ol CoE FHsk] A%
Sh= 7l=ol 7P #hdsiAl A5 AL QITHIEA[2012]).

715374 5-7F9)4 3] (IPCC; Intergovernmental Panel on Climate
Change)ollA= A3t 24 sl de 913 aabQl a9 st
W& CCS 7]&E A vh QIEhIPCC[2005]). B3, =AolL#]
7]7-(IEA; International Energy Agency)y= A7l B2 % 52
2°C oJakz Agkelr] 18t AW AF5ERE 28] SlsiA

]L‘]X] 34. Bl uﬁgﬁ_ §7]7<4 o7 7 gﬂo]; 707 ﬁﬂ7}-8ﬂ
o, o] By DAel] 918 AAu)E AU 2ol 2050:9)
T 426t HE EF TolA 76tE CCSE T3] A5+ A
& ZOR oFskar ITHIEA[2012]). o8} #o] oy A] -3}
71BF AR EFOl A o] abstekas wijEs A AEA1E 9l
7] Wizl AR 9 w2 #- 71 Z]eel CCSE AR 7]
%o M e A7 A H74ekar ATHIEA[2003]; NETL[2010a];
CCST [2011]).
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AAY A1AE 21 ITHGCCSI2012]). EA) 93 521 g7f) =7
AEZ Fa A7 oF 2,3005F £2] CO,E Astar 9lom, vx
ARl TR AEZ = 1]519] Cetrury plant(17F S00R7F )9} LA|E] ]
In Salah(A7F 1005 &), == 90]2] Snehvit(AZ+ 705 &) 5=
5 =k w3k g7l A ol TR AES 3 201597HA
AZT 3,6005F = ooz Aol T A& Zlthska Sl
o] Foll= 20151 EAZQ Y& FHEE = 59 Gorgon
project(F 3407H~410%F =)7}F QLW (NETL[2010b]), ©]=] &
SHAl 2 2 v]=r9] Illinois project(7F 1007+ E)7F et

SulelA= 2010 7€, S4497891d3]ellA gt 57} CCS
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Fig. 1. Process flow diagram of Carbon Capture and Storage (CCS).

Fig. 2. Schematic illustration of the concept of geological storage of
CO, (Source: KIOST).
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2. oISl 214 ™I} M =2} CCS

2.1 CCSAF&.* i_o orMY

Pi}% 5
°} 7l~**°1 om
(Thitakamol et al.[2007]), =¥ ©]4FslE4(CO, stream)H|e] &
ASHES 4 gpo| X o] BA1S Xk =5 Q) U(Stanger et al.
[2011]). CO, AERS AN O & 10 Mpa )] o=z o=
wlo] 2544 2 2 (Svensson ef al.[2005]), ©] TG0l F-2lo]
dojt = Qla, 724 Aglo|ut F& ol % FEAKL 7
A A EA) ek Burgherr ef al.[2005]). 7FsAdS EulalA]
CCS T = g3 teke] =2 QlE)] 37] =9 C027]' 7% ©]
Ao FEE STV HH, Al S2H2Q1 Qs v = gl
L= R s ] 1 L AR B °ﬂ éid COZPJ FES AT
25 58 7R o] 8shs A 4
%= TH(Xie et al.[2009]). oW“P = ﬂﬁo o FEH o]ilslg
= A7 7] Fo gt rng 1 geirt A ow x4,
71802 vehd 7FsAdo] =t
Hhdol #lleF $dellA coi= ti7lell nisl ghito] =2j 1 slj=<]
| EAS WA ¢ qlom g sl A el e co,
E} 71707 ok AuA FEE 2uUE 7sA3e] A
CO°l &Jgk pH Wist= Qe £]4-3hdo] 71¢] Wa}A]
H°ﬂ A2sh= AE] oS 9 siRe] pHY 0.1
3= Frelsh ARl ks whs 5 vk A7 At
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A 248 WA AFELE ﬁﬂiﬁg} o] ERxlel S o]8-310]
A3)7e] FAE TR AESCIA At g8l Y¢S vE &

Tz ofg] AT A7 vk vtk g E]r(Gattus 0 et al.[2000]; Riebesell
et al.[2000]). THEHA] B]E 7Fs/3 WEARE F AF A AR
ol AT 7 Sl ook AR COo,FEo] Y AEiAl
9} FESOA iR 2 S vR 73S Fgs] of
Ao, weta] A ARSelA = CCS AL dAlAQ1 $44, Af
3] ZAA1A kel oisk Azhet -7 EAlske slo] AFdolt).
2.2 CCSAIL| AlB|X £+~8M ZH|

oiIslRRAS] 2ol 93t %xﬂ# CCS A1 AlgiA] ofall
AR vES 2o FRloly WA 52 WhE frdahe 9
Q& AFE 4= it At Weyburn-Mldale I ZAE ] AKX
TR FF] 22l Kerr 5= 58S 57 ¥ 2550
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I RS A7 Fl wht AE AR 7 AP K18 E 7] = 519
THIPAC[2011]). EA7HA] AE7FEe] F9194 24 5 vheke &

BHARE F3e A3 A gHelA #EE 1552 Coe TYHE
7kl 71k Ao 17| ofHrh= &S UiRth AR A
Aol T3 i FARE S8l AR o] el ofm] aE8] CO,
7} EA ok FRlEe] =2t
oehs 2%S 03k 4 9)9le Ao|t}.

YZ2E Barendrecht TEAEE= A}e]o] 2|3} 8k nfar o} A%}
A7y QgERA el X8k el gk Withol22] FAko R AR

o] Hi¥ iy /\]-EﬂO]E]-(ECN[ 010]). olefg Alell= &782 vi
Nz oy "}‘ﬁ«l T FRHAG oA ] o] gAtREe} 2| SR
of gk 3k 259 F9E UE AdRE] e
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T Bl Tl 23 el Hdl 175E71E sl e R

TEEE ARt SIS (Reuter[2009]), ©] Aarel Tasiod
HAR BTkl TElT| A A 31 o] Absleks 2] 7]%
9] SEAS A e O}C’ﬂr/}(Greenpeace[ZOOS]) I3 8
A ATl 284& FUsh= 7ol dAl $353] 21 713F B1t
FAE BT ¢ oS v WEEA skt HA9] <
= A8kl

AREeAE 8R1 & = 9lize], CCS AF 373411 ke EHJ
3k A1F7F AP A FoH, tisolt O]OH ARFe] Ao

Q3] AFdFxlo] FRHEAY, A|AE= oHeg e 7 Utk &

N TR CCS AFIC] Aldell kA 2] 583 Al (public
acceptance)s -2 0= | Asof & a7} Qlrt. 34
Aol dhgk A =l= AAZQN BUE R ZAAIA], A 87 3
7H(Environmental Impact Assessment) 2! 381291 $17 9] | 4]
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7H(Environmental Risk Assessment)&
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S 4 S Bl dlo el 9999

TRk Ao tHME[2009]).
SANE AEARKR] B 1871 ARl XA E o
L= R b fﬂ -4 EX - A - 383 - A
67 L7V, oI, o, 2, 7 5 g -
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391l g7 @Adell ARl deol 2SI, el
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2h R an, o AaHES flelee) aa v 9l v A
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A7) el M= 9187 Al vizi= s Akl el 5
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o} J3E A, COE A= A4 540 el B7hHs]
o} = Foll gk 7ol glo] H7F 2Pgelr o] E4do] ol
gk ohet A ARl 3 kS Fs] W] oY
th A3 A= WS kAL s AT A ARl S A3
HPgEh o ol AR ofelie} k.

AR, @A 2A o] kshekAi o] X|FAE AR 3t v st
g7 9 aofol- 87T g ol thgh FrA1AQ1 A |Fo]
A =Th AR 8 el A 2, F, A A
B 720 Qlof, 37 A (157 m? o) AR, I kes
A ALY Fol tid ARdell alid E = Jlo, ofilst
FATAE AR Sl Bt ol glom, AR FEel

B7F Aoz A exdo] Fesltt, sjUATAS S
& A2 Ed A3 A Aol whet g e B T
o]z J‘VNEHO}‘%«W’H*}
Yoz 03_55101 5}3 m4°ﬂ/\1 ""r"ﬂHJ_ el = olek webA
ARl k= 7 el el S = ﬂ}aﬂOF 2 9x 2
Q3 o}, BEgh, ARlE T8k WAllM = Wkl Sl COo,
FE ARLE Q1g e ot A 5 Sl S vlElE A
al7] f18l #5219 BUE el thgh o] et olegh &
FATAE AL S S YR 7E AlmelA sk
Zala, F7pHe W FHrieHso oigk Al 1A glo] AFo]

Ak, 74 2183 Bk ofelgs U v

A, 3R 7Ee] Azt o5 - FUEE Slst HHﬂXhJ}
H8ch H AL ASARE T8 38 YT Hetshs ol
el LG AT rE AT A, Aol g SHOJ%V& H
AAET} FEslel A3 oS - FrP otk A 1R A7} 9
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46 2R - Hed - o]¥A
FoHA s dslior & A o]k, w3k, ek %
shekh 7 7l Oist 73 A5 TE Al
F71eEe] Hsjo] F st

H7)eHE o 2 o)Ak
Slsidel it

3. 32| CCSAKY 1} =t "I} Al

3.1 =2| 2K el X[Ele| M|

T2 M % CO, AFAEe] A A JEE Hrtskr] St
Febo 2y gl Ak o] skl Stk CCse
s Ao 3 A= £ Zakkour et al.[2007]1 £33 83

77F ccs W A0 il s7ke] Al ks & Al ol
Aatoict. ek, 3 A8E = CCS AR ol QoA F. 38t

AR FAANG O R 27 9tk (Mace er al.[2007)).

u] =2 NEPA(National Environmental Policy Act)2] 40 CFR
(Code Federal Regulation) 150201 2]Asto] S JeE 715 AA]
SkaL Qlt}. o] & v O g mTof|A] 81 E] 3 §lE FutureGen -

ZAEM= vil-g- AlA Aol L BT A DS HaL e &
TR 7S AABIATHDOE[2007]). ©] *B7H= CCS A

EREHE), A, A T2 e v 72 iR dgks
Aksto] ARE Alwsialet A% A - 5] ojakshea: el o
F AU eE AAdskar ool ZIRksk Sfsid s S8l &
A AAEA 2 QA D Sl sl wd Frte] &
4= SHisb] H M S B S (eg V1A, A, AP
B, Ak, A%, A, w0, w7 s, R, /bd It A
5, S, BT 9 el 450z BAE AN
BIITHDOE[2007]). F=3F 0] B arMofl= o]akslgks #nl olz}
= /\Eoﬂ ;LGPQ

MO 2o 1")‘1 ﬂllo

mlo

2 5 gl falEel i s B2k A

ot0] 71y solA] =EE B2} Afel A=
Ry 1%? 3} Bl B PR At
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ZAE FH ok sh= Aof] Tt X371 Al

5171 5 =1(U.S.EPA)YS CCS AF 2l A2 9lgd 9l &
AT Bdsto] AeAgo R 15 o] S F7H
4 7 Qe 2=s AAA R gRlsk] fl8l HoFd87 1R (VEF:
Vulnerability Evaluation Framework)S- 7123} THUS EPA[2008]).
40““47]—* ALl et AgAdolut A FAIge] FA A

AAR oz gsr] 9late] 7|
7}3“15 2 OP‘/]‘:} Ak o] gt

& Fok vk
gk Aol chaiA Abdell @?3}3’— EHHIEL T O'E‘r %Edohl"ﬂ/ﬂl‘
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sl A d2ke7d 3 7(SEA: Strategic Environmental Assessment)
4 ARG EF7E A= gk ATHEU[2009]). ol =g
H7F 7IHE AR vl Al AsE A7 |A1skaL 9lo] At

o
oft, mlo

I (enhanced oil/gas recovery)©ll

=%
AL =

g 7

A1)

ARk Slolz wrh S Aol BAS) WS Has) 918 )
Qb nkelel] £ E 4 vkt Ccs ZzAEe) Al B7h
of- 9] olefat H7boll Zukste] QlsI7hE SFEaL ik,

3.2 ARIR| FeHetFo| HiZXIZ AL AR
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Fig. 3. A research on environmental assessment in Korea.

Table 1. Purpose and contents of environmental assessment guideline

Guideline Purpose

Contents Reference

Marine Environmental

. Project impact
impact assessment ) P

* Project environmental impact assessment of ¢ Japan CCS guideline (METI[2009])
ecology, physics, chemicals, geology, society, etc. « Marine environmental management law
* Ecological risk assessment —Marine environmental impact assessment (Article 85)

Environmental Monitoring of envi-
Monitoring Guideline ronment change and
of CO, Storage Site  leakage

* Leakage monitoring and environmental
monitoring

- Hazard identification of human health and
ecological by CO, leakage

- Ecological monitoring of post-closure
(>30 years)

» EC Directive (EU[2009])

* OSPAR guideline (OSPAR[2007])

* 2006 IPCC guideline (IPCC[2005])

» Marine environmental management law —
Marine environmental impact survey (Article 95)

Leakage Accident
Action Guideline

Adaptation of accidents Method of Extent of damage, recovery, res-

* EC Directive (EU[2009])

* Japan guideline (METI[2009])

» Marine environmental management law —
Marine population impact survey (Article 77)

* Risk assessment (Field)

toration

Risk Assessment &

Management GuidelineSc0logy and human

health

Risk management of

* London Convention/Protocol (IMO[ 2007])
* OSPAR guideline (OSPAR[2007])
* CSA CCS standard (CSA[2012])

* Risk assessment method
* Pre/post risk assessment

CO, U5~ wlf AR abgel] wisl COo,2l r==t A & Qa7 R L A FEE7), SR YEHE S13 98
734 Wigtel thgh BUE S 52 0% itk IPCC A3l A%t AJg7F dAf Bl 8ol ¥k A3 0= OSPAR a8 13 &
CO, FEFHEE I} OSPAR A9 947} & =A71Eel 4% =APIE daks widstar, Bedd87E 5 =l d%o] =
g FUHY AxE w2 Jlo) 7B o8 Zlofh H=E AR Wig-o® FrkEofof ditt. o] $ A3k 3} wi B AR Eel
Ao BUEY A3} vl s 93t iEzAPE BeHoR ool CCS ALY 34 9% et dE HasE 5 Sl A
A g 5= sfof gt = kg = 9ls 2otk
TEARLHSARE CO, 9 W I elM o]t 7=

Atazel] th-g-staL, AR A S delE #HAsk & ¢ gle A 4.2 EFAPSHH T gl 50| 2USHHI NI NN wiot
= FHOR o, +F A SHRTE 99 HAade] ko] it CO, S FATAEAI 2] A-831E f18iA= IMO, EC
ERa g o] A w2, sfeFed eyl At sl Y&
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Table 2. Consideration on environmental assessment of CCS process
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List Capture Transport

Storage post-storage

* CO,, NOx, SOx, particle mate-
rial, VOCs, heavy metal, amine » CO, seepage
emissions

Air quality

* CO, seepage impact « Seepage monitoring

Green house gases

* GHGs emission forecast

« Certified emission reductions

* Cooling water discharge: water * Disturbance of groundwater

withdrawal, heating of water

flow and level during construc-

Water quality - Contaminants: emissions and  tion and operation. » damage or change of water environment by seepage
nuisance effect in receiving  * Extraction of groundwater dur-
water system ing construction
Hydrology - - * Survey for diffusion model « Diffusion model assessment
. * damage or change of marine
Marine & & * Seepage management

environment

environment by seepage

- pH, pCO,, alkalinity strategies.

* Leaching of substances from

Soil contamination waste/fuel storage.

* In case of leakage of CO, to soil - -

Soil disruption tion and dismantling phase.

* Soil disruption during construc-+ Soil disruption during construc-
tion and dismantling phase.

« Seismicity (similarities with

* Drilling during construction.
natural gas storage).

Fauna/flora * biodiversity disruption

* biodiversity disruption
- Heat flux to soil (pipeline). age

* biological impact of CO, seep-

Raw materials
resources and

* Use of materials (e.g. MEA) for
emission reduction (SCR)

« Construction materials.

Water use * Process and cooling water use
* Noise zoning. * Noise emissions/nuisance sur- . . . e .
I . ne. . . . .+ Noise emissions/nuisance surrounding injection station.
Noise/Vibration ~ * Noise or vibration emissions/  rounding compression station.

nuisance.

* Disruption during construction.

* Disruption during construction.

* Impact of installation (e.g. stack)

Visual impact considering its surroundings.

activities.

* Visual impact due to construc-
tion and decommissioning - -

* Soil temperature (heat flux) and

Socio-economic -

affected.

agricultural activities, other
economic or social activities

« Internal/External safety for

area: . Lo
Safety/Risk - Ammonia storage (SCR). : Ind1v1dqa1 risk (risk contours).
. * Group risk
- Solvent storage (amines/sel-
exol).

* Individual and group risk of
aboveground installation.

* Change of CO, leakage -> possi-
ble exposure and related effects
on human and ecosystem.

 Change of CO, long-trem
leakage -> possible exposure
and related effects on human
and ecosystem.

*Revised Koornneef et al.[2006].
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Fig. 4. Framework for the development of risk assessment and management system for environment-friendly ocean CCS project in Korea

(Choi et al.[2009]).
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