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Abstract

TThe CCS, gathering attention as a practical measure against climate change, has various potential
risks within itself. Identifying those risks and developing proper countermeasures for each one, therefore,
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accidents, causing social anxiety and unwillingness to accept CCS.

This study proposes the precautionary principle as a fundamental principle for CCS risk
management. While the justifications for the precautionary principle are acceptable, there have
been criticisms on its limitations including its impracticality. The purpose of this study was,
therefore, to identify detailed application strategies to overcome those limitations.

The risk factors related to CCS consist of quantifiable risk domains as well as a number of
those with high uncertainty and ambiguity. Thus, there is a need to develop differentiated coping
measures, meaning that the precautionary principle should be applied. The risk assessment and
management applying the precautionary principle has implication of social appraisal based on
wide participation and communication among the interested parties, which may be a useful
approach for expanding social applicability.

I Keywords | CCS(Carbon Capture and Storage), Precautionary Principle, Risk Assessment and Management,

Social Acceptance of Science Technology, Strategic Environmental Assessment

1o
u)
N,
ol\
=
)[.
A
12
é
ok
4
pacs
rr
On‘.
S
lo
U
el
>
2
ro,
i
E
ﬂ
5‘.:
O
B
o{
%
u
HE
Kl

X3

= A2 A AeiOm, olelt HRREE FHE AT F UH ST F oh
2 CCS) F=3hgirh. 20099 CCSS 417142 AT F 2010dei= '3} OCS 59
g pUToRM, 94 e B U B A4S B
ok @A) $YE Agol 2w, 200671 dhit CO A W A FUE A5E 23
@ Aslol], AiAole] e Hoke Bo JlE W AGSHE FAskA o5
91 218), 2010).

CCS+= CO9) 223 =
$2] J2L o], 53] 54 W AY RRol AL ol FA AT COrE et U

= fus
HEgT AA D A E St dwe] 9 242 Hsid Atk fIek Al 9

_-Li

it

&
o}u)-
By
o
3
o
I
Lo
o
N
g
fu
m i
s
i)
r
N
i
1o
Z:
N
o
i
i
II.?‘J
N

4



]

3% <714

1

Xe)
=

1'CCS 41 A 2ol 2A A=l

o] A= A thFARA] X

o

wUEE 7]

=
7

012 927} Qlth(Bradbury et al., 2009; |4+

o
L dd
T O

B

<)
<]

=

Iele 24, 7
& o]Fojzlo}

1210

= A

o W,

CH

al

& RIARAL, AZIERA

3

]

OF, =LHQ CCS R&D o1t §

M 7| EAIRE

ni
il

=

al

i St
A

)
|

ik

=22
==

Al-0

St 2t
S O

ANE Al 2LHE, 2

Ex
AIEHDY

=l
=

o

=
)

o
=

-

oo B E T OB W AT m
ﬁeﬁ%ﬂuunx%_é%@wmﬁ <
S - - - -
I N O T e S 0
g sl y @ I
R I A P S o |
T o 7o O — | O
w Mg od THET PR = |0
e LR o o W R r |40
< E‘e W % <y D o WAT Wm o) "
T ® N oA < oF RIS
o ol = N 7]ﬁu6ﬂ| ©of e
ﬂmﬂvﬁ%%ﬂuL_LWu‘CﬂwE =38
% S < AT - S A d
S R A <
_ o5 o X 20
ﬂibogoﬂWﬂHionﬁ%M o
Qﬂ/lnbu;oxlﬁnﬂoxobt‘kd o
5 - B w™T M W B 2% db 2
oaju.Aﬂ,lﬂA ,_lruujuo,ﬂﬂonm a
:e_/ﬁoowﬁi%x,bi?ﬂﬂ il
R R :
T o] ° 7 X ,
(O 5o [ e o fr & X o0 0
T R SR ) P
HTﬁdNMWE E.ﬂ]j: R~ 1 EH_MM
) == X,Mv_ﬂ‘.lFL.ErA\al
T T o L ! T )
N N I - AR B ol
o, W R B E gy fw®
I (R n Gas
ﬁ =N .I‘lLlH;l @) x._o or
o B M gy T W @ R mw O = % "
_ﬁ@ﬂwwiwwoﬂwfﬂﬁ 3 | |
:_EHLM77‘0_.M._nvAHMﬂc_OHA = wkﬂo
47 o bk hwH T s o Il K
G T o N F TN |- :
WO WE o L_L | AT m N iﬁ 03 ..,,n__.c.ﬂ 1! o IH
FH "M B R &P oo |7




o2
ol
H>

e BaTs e NS 214 A
% 2143 B2l 7l . _
N - 7|=0| ZOMI OINA =5
Ael| - OIUTIERD) TISUM 00, 55 Al | 2 008 7139l Saa 988 =2
e K AE 0= sluSEESLy |' 2 3|A CCS JIEHE M A SLe| S8 S 2E B2
< - ’ oo — o] LMo 2oz 20| Al S

A7 HAAPRAE] . 2010, p2l.

7}

=
=
]
=
)

o A
= 9 AT AW 5 e *HET HF‘O]E% o ‘IH ol 2|gt 91
of-5-3H7] St HAgh Y O =2 A AP o 2] (precautionary principle) of] =5 Q.
k. dAo] 712 A F SR CCSE =

Bahaela 253 A 9HE/A] TLHoR ST & JEE Fly] uiolr)
= G4 YT 5= Jou ‘oA AP
Hl%’rﬂ} ?E}?/ﬂ ‘AR 3 *E‘%Xﬂﬂl o] @A 2
£ v ol

_9_/\

tH(Majong, 2002; Morris, 2002; Starr, 2003; Sunstein, 2005).

weba] B Lo AAG sksound science)ol] LA HEA 9 B
(quantitative risk analysis)¥} AP ORI 2Tl o] 2% dju] U #A HEFLS 5
AR A A o] FAlIAof s 1 W&y S-S Hk gEs] shal, CCS o e
ek el o] ARz S off AgsfofF sh=A I HR g ofgA A8

S 92 R, Uo7} 0|8 B3l 4 % G folo] RN AAsaA} B,

S~
>
2
=
o

1

o
flo
r [¢]
4
=)
oZ
)
B
<2
jabad

n
&
i=)
:?L

N
N
i
oX
st

N
N

-

o,

o
o,

o
u=)
z
Ju

&
<2




BA EF U HE(CCS) U A Lot 43 Al AHHLHE XS Loy 284

=5 9%t Ad 3oelq A& A= dom, g de] e AR
1992 814} furol] Tk <130 0] ‘29419l (Rio Declaration) ]

3 o

ofu
S
o
=)
o
2
J {0
>,
ox,
o
e
N
ol
ol
ul
rr
o r
o

8 3% vm—% oqlﬂo 6}% EE S S
QA7]5H= o = AL 4 YIekal HAIsk glo.
& de] YT = S AF3HATHUN, 1992; Stirhng, 2007; Renn, 2007)D
Aoy weE DA YA e ARl A 918 BH AL P 5
ol A 2AZ ANTHE FolA o)g 2 B8] AT 37 wtujet go] Ak
3k ¥ AZISP 16T A ohl Aol AR BBl ojele B oS wsta
A grehe HolA] 7] ueke Hl%?‘& o7 %

A 3 dHomA FxEo] gttt
% T A A sk, AR A
= 14134 oH**Oﬂ 0‘01 OHUHE:@E SHo] glom AA A ALY SHoA=
XMXMI ol/FA o]l R Aolek= 3]2A AlZbo] Z1Ao]thMajong, 2002; Morris, 2002;
Starr, 2003; Peterson, 2007). 275 3ol QlojA= o= A=9] S AT 5
| §l= 2ol dAdds AFE W, 3 AL ol 7] Aol Z o] Ae-d
U= ARJAZF mEsh EFE Ss] BT Aol tigh 7S st ol#7] wie] o]
of A= FAIZL F sttt Aotk Wat ofuef, w2 AR ol A Het
74 A 5217} A71A] & thE AFS F7HZI71E Sh=tll gk Fitol tisfiAl=

od@A & ZAE EA7F E 4= 9 thSunstein, 2005).

E o2 v ﬁ%‘é o 1‘415& Aoz A Apdddz o] diFolA T4 A
2zmog o3 re A A Yu|E 2de =

Seks Aefolth 2ut ol ket ARAEANS Baee AL A7 94 5

Olt

1) oloff CHSt RE2S ct23t Zct, “In order to protect the environment, the precautionary approach shall be widely
applied by States according to their capabilities. Where there are threats of serious or irreversible damage, lack
of full scientific certainty shall not be used as a reason for postponing cost—effective measures to present
environmental degradation.”




= A
Ag=

Ao z]ol iRk o7k WA Al4E Hete sl RISt Hlad

Z] o]

—
Aoz o] obd ww A =il Bk el AR A ZA 2T A die
o &S YT 1oy Y AY 4= A dihe R B ofYe X
Hol=d], ol= AT AY 4] 2= AV B ¥ FHel7] wiEelt

AP e A& vt 2 -3t ol Lol A AR 2
8}2](sound scientific) WHEE0] B& $-&35lcta Relth &, 9312 =2 3}sto] A
A o 3 oAbl SAR ARS she T 919 4(quantitative risk analysis)

7] d oz sto] 9] 3 AS ?—%‘?‘&E}- A Qd =42 7Y 2§
(expected utility) ol e} 91 o] 7| HEES A FA o2 A 27 YA A=
A A el 4 E(magnitude)y @} s 1@ Q] WA EHE(probability) & =735t ©] &
o Fo= Y 7IHgks APggith el et A1A el WAy 7hsdoll thel =13}

W olF TAR A A4 9 vk ks HollA A 1 249 A vlwA

w3 43 A% 2AE AT

tlo |

omE

fr

= Jd, o sl 1ol ot
Aol H8AA 7t BoVsa Folehs Holth. 2, A fAME
% P g1Ee 245
=5k A9 5, 919 et

o 574 A kel
HO—]E‘/] Al—l‘/lr

o

o X
FE
flo do
et
=2
)
rsi'
oX
o
Y
A
>
2
r
lu
=
D)
o
;O
oﬁ e

—lo
=2
rlr
ol
=1
ox

e
oZ

o
)

~

6!
2000; Stirling, 2007). 1d] A4 &4 AHaFolA] uHAysH
L 9ol Fmel WA B AA ekl 4 g

w3k, T7lo] HAE AR W 2)4lo] FEsiEE
43k 35 1 AAE 240 5 T
R0 zE B Folsts HEEE 1A Bt

= §17] wiell kA wd A= A S 3
(Rayner and Cantor 1987; Fairbrother and Bennett, 1999; Stirling, 2007; ’ET]-TJ} A, 2010).

ot Ay rlr
30
fr
iv)
OO
rf
oM,
o

1

i)
o Lo
HI L 2 9
O o vt Jo
X 2
) 2
k) ofl
% 2
n)
;z




BA EF U HE(CCS) U A Lot 43 Al AHHLHE XS Loy 284

3. &3

Al =oeF o] T Hte o]24 =952 APdAd Rt AEA /e B4
EH’?ﬁH A= e Yoz thEAA =98 ol stXuE AN A A Gre e
H= AP aaso did AAs d-8str] Y= o] F HAE HY AR AF
817] mrk Abswebd Pdoln Agals o] Was Ao, ol Fa| Jhse Ut
doet AZHETH -2, 2011, pldd). 5] T} FollA] =dl AR 2 §Fe] WF
ol 2Asto] B ), ALY Aol g THsE SRSl ele Belalsln mEs o
21o) SIS Hlia W ERAolch vk A 917 BAe BElAE A9l
of z17] W wsHEl djgt 2|4lo] ol AR R o] gl A%l To) the 715l

ol AP 9Jgt AF tl-g2 3 QAaBAME 23] stk AAR AR ol ] o)
itk v} RHAE S55H] 1% 8 5, ARGl Al o] FAAE Hke ARk of
S}AL=(Stirling, 1999; Renn and Klinke, 2002; Kristensen et al., 2006; Stirling, 2007;
Shelg, 2010)9) 4=0] - mw, AbHelgA S1% Woh A o) & REow Ay

9 B Mg 2T Yee & 4 Ytk

91%-e thel 4 (polythetic) 0 2A Mz T} E4E 714 o]ddel FRE 4
thRayner, 1987). ZL2jal7]o] 1% 4ol w2} 9ie] Wrs pEsla Wade AUy
ol g Faw slA HrkEit, 2010) oleiat 9ol thelgo] Fuat A% ATAS

2 9J@ol chefat W3 8 A melgiit] WA, Klinke and Renn(0021= $18 2] 55
=2 o139 Fuol vrAlvsA o] 3 WS o| ulel oAl 7R 2 251900, Kristensen
et QOO SIH 2 AohE % S AsSe] e Bk gel Ymg Aol
FRete] 2 A% iAo 97 R AEstelis £5 AAS A v} ook

MR T2 93 e TR & BestuAE Apdeite] delrt 448 & gl
ol g Iy HolFl BRAARA ofdf 2™} 2L Stirling(1999)¢] 91
B AAE Lk o] 91Fe TLABH @ARA] ‘9lFt ATFSo| tist 24l A W

oA




T
i
z
N
N
or

ol digk A4 e A= E skl AdE Wl 7= B ¢
1

el
Sl A|2le] Ao 2ASte] Bl Ae BaUgel AW 1Y BE ) =

| 221, 98l iz 22

=l

4

=
I :
gHEI— = o|A3 ! L=
- (risk) (ambiguity)
&7 = !
=
sd
;-'El' o Sl i o
2 (uncertainty) ; (ignorance)
e g |

=

= e ¥ & s

2d 2 ook X4

(Knowledge about outcomes)

A& Stirling, 1999, p.1229] Y& A,

S0 Sg5Hs ‘3 (ambiguity) ©] % ojolc. WA At 3 ol
nzmnt ohjet 5% ol tis) Tl shalah 3ol Wstel sholEl ¢1alo] et
S EpEch AR ofshd ay Hgolut 7% 2 A2

%
HF 5 We)ert BT v FS] ol Bl T Aolth Al MARE
%

o
1=}
(o]
U
i
oZ
N
‘iF
o,
we
it
~|
H
4
me
N
o
ol
ol
;
(S
et
£

27} 9=t ©]5 ‘5] (gnorance)
11

[ e
2 23tk @ AARIAE ol vl 7HA] MY AdSel vkl ekl FH YA




HF+= o]AH&(discrete) 0| A = A} S i EFA (mutually exclusive)o] A = @F-2-

.
shafot

o
2 9]

7

=
=

ale
2

Fo}(Stirling, 1999).

3
el

o

Hofl it Zo (74

=9

9% BAolA e

J)

i

ol
oF

)

o
o
o
xr
i

ot

i

B

R&

RA2] Go of

L

9

Al
=

i} m5-mt

19

o}

Foll Al Algta] o= A Fa)

)

YA B aT W =

S
ol 2] 7} (assumptions)

ot
oF

o
Jo

olo

et 27}

KeN

e
=

S} =}

1
L

o2 Axe) 9

I3

SHA

oA A<

QI th(Stirling, 1999; Stirling 2007;

1, 2010).

J|

Sk A
% 5

El

fet. ol

S

A AL L

= 2la3

vshd

=9

SHolA & o, AR

s

4

e ohuje} 1 99| tho

=

g Brte] A A8

o 3

A

2,

)
—

o}, AbAel

2

I

EEe

2=

2 Aol AA|

94

3
Apeil

T @Al AR dEe 9

A=

ol o

4, 749 =
Aol AR Al

A=)
=3

M E R

3
=

oF

Z]

[e]
IR

° gja

Z]
3]

L
ju

7Htechnology assessment)’ 2}

7

of gt 7l=d

H2e Botr)%

S
o

==

A=

A

i Aot A

tyeh g g

7Hstrategic environmental assessmen

hy=
o

I

=
=

7Henvironmental impact assessment) 2 - &= 24 H7A| =

1}

[¢]

ol A

o AP B

°ls

11



o2
ol
H>

A, A Foll tigt FFe)re 2ARREA IS B75HL B U2 Alf o] 44 HekS A
7@ 4

e
YR U] A

2 A9 AAIZOIE 5 71 A W W] ZHo A A g AR S
345 urgskaat 3 A= otk IR, 1A FolA 2D 1EGFRHEY A

29 gt ANE YT 2L, 7)6o) O3 ABH FA| L 584 Ano] dofekict
2ol mesy|E shgovi(e]gs] 2001, HeFegE7tel ofulol] tfsiAE 247k
AP 915 AR A A ZEe T melshy] Mok B A AR £ 2]

AP B8] $18 TAIR E4 oleEm Qleks A2lo] SIeKAI
3] 2], 2011A). A AHY) S99 BAGTFH N oAl AL Brt LGt g4
3 WA e AIS ARt MHE ogE
A48 02 AR v gk o) B AESo] 4X] Aol AR
sk glovt A4 SAelAE FFA FBIIE FHOR & Bt o

27
99 o5 Som Fa £dHe Tt Aol AZEt,

’%i R [ PN LT
AT o umeazEs |
E- : I- I_._._._._._._._._._._.'-I
= |i 0 i
Y ; glA3 ; o5
- i (risk) | ambigui
2t o= ; : guity)
g Ll !
o
CH !
& g ; 2%
x| (uncertainty) ! (ignorance)
4 |
L-E_ ........................................................................................
AP 25 EWE ¥ & B

L8 Zapof o st A4

12



BA EF U HE(CCS) U A Lot 43 Al AHHLHE XS Loy 284

V. CCS Hata| &et 8 Al AHHMEHZ M8 Ay REY
1. CCs 9149 &4

CCS 271 Aol q WA 4 Qi ThFe 919 o5 Stirling(1999)0] 913 ¥
F g utet 2w, $19e] AHet sbed 223 Goo] ule) R E- BT
o wiol Ssts 919 aBo] 4T HES AXT Ao Az WA, CCSE

olarste o] ER-S4-Ago et 7] B2 A 74A ZHe] dis) A T2 |%E
o] Hgwofof shul, 2t BAM Aol 71202 FF-SGHolof h 5 2t
o ol V1S AT, AnEA 5o 9 a4vt hgEon WAHo] Uge Fik
g 8ol CCS 7} BAME BEHE 7145 F AdHE ATNURED) U AF w7
of v=el gl7o] 71 AFS 7I%be] BuEojof gk ek 2w glrk. CCSo]
FEEL 7SS0 thal FEE AT Juop FHEA @gprle] Abx YILSA

=
9 A3 g Aabe] g o ol

E3 CCS =
Slok gehs eld], ofo] A= oA Arehe] ojitstetast 7] B e AR
A ZHe Beld 9 shebe] BAS slelal 4 gl FH 7|E A A 9
of TeLAIZ e Tl Ash7h B A Eata gl Agolch o|e T AskzAl 2000
YFE COy Aol o] oj2l ul gl Auieh A 273 U (Saskatchewan)2] o] ¥(Wey
bum)el A= 2|8} Fulo] CO, & o152 A7IE Ablo] ArhA4E 2], 2011A). golH
ZRlL CO, R Q18] A3kt 0 BhAlgeh o] WshE gl WA SEES 9l
o ARoA AW £ALS )2 shedck S ofelet
2 Ao thiet Tek4 QA ShelEA ekgron &
Aol A7k ol ARHIE DY COTF Ao WaE
537 Uhebd 21l thal BERRE ARA] A STt AR Ae]e] AR e %
Ao djul =gl Ao Halth

shal COn0l W74 A BER She CCSell thal Al S0 ARal7} shetata) 25
R 2w SRaAtE E3HE 4] 6l A0 Holid, ol 374 Aol

L AP Bl A R AeKos 191 COp AAo] o)1 2|7] S84

1ol

o=
L omjeho] Lol 4 Gl chaRet Wg 4SS W A7 sof Shrh Ro] EARIE

4
)
(e}
U
o
r
ridk
o,

oo
o =
el
=2
>
N
o
N
i
o
1’%
s
12
Lot
i
Q
Q
l
r]I
of.

o
)
o

o

E

o =
of M
-4
iy

13



oo
for
S

ofof =A| AN 1 3] A(Greenpeace)= it 47l CCS Wit} 5= AL 3l=H],
CCS7F AAA- 714 ZHolA 7153} tf-gtho 2 A Aol gleite| e, Folxch
= COE FTHLE AR A A7 B7Fss QO & Al ot A% 2 A
2= FEFE SZAsIh= Yol ti(Greenpeace, 2008). o] 23t CCS Wit -
71% 9 Aol Zhe BRI el A9 Bel|e o m A v)A] mkobebA] ek
oz o] Sige] gt -, Lejar njefAl RS 9 A7t 58 IXPoE g ol &
/\ o]r,],.

o] ¥ CCS 7oA -2 ALZ] 7} di-g3fiof & 98 a4t 'BI-BaA
B0 o] A FE 2T Ao Holn, o] A AR o] A8H
9 H7F 9 we] o] Fasitt= 74% oju|gtth. E3F CCS 913 ¥ejof Azl

A-gotalat sz A2 AR A 840 SHAE AAE =, SSsta B
o] Y rEo | 2 %ﬁii o-5-3FA] L& A CCSel gk AbE] 4

of

4

Ttk CCS A A0 As) AT 5 Uk FHAAIL AN GF
YES S AEF Yeroml om

_/;\__
R 01%1741 Aol vt
L

4l we

o My afn

ox
)

_0
g
gkl 7= 9

[e

&2 T
N
it)%

T oQ
ook

( OEL
N
rlr
ol
OSl
N
i HU
¥
)
10
fu
o
o

.
filo
|y

o o ol
of
o
N

ofN ofN o
o> o
1
N
-
o
ot

-
s

5171 % k(o] 9 3], 2001; 2007). L
] 7Hparticipatory technology assessment)= -&7+=2] A ¢sto] Lyt Alql
FE3l= FEHE do(23H ¢, 2012).

2ol 4] 714 AP e CCSoll jat b4 Apele] Fxl ofR @ &
o el =oltis A W Aek Selo] WA BeAMsT oHEE X
u, o] & B3l CCS 7| 4/pe U A§8HS FA5H: /1 ETEAL AR
=

(e}
s vk BEEo] B T 4 Qi kA Ho9t 7]

ﬂJlﬂ Y
N

o

o >
of
oo

N
N
il

ﬂJ

14



BA ZY 3 MI(CCS) AY Hal Yot +8 Al AL HA HE LYW REY

‘o] o] ol oM A8l 840 ZHANE FAH RIS 7Ty
3 4 gl gekolth(#91%, 2011).

7 9el= CCS %o] P R ST ST A ol %
o 6; 7

®

\1
N
B
o>
14
lo
N
N

o)
s
o
2
4
ri‘l
EL
X
rlr
o2
434:'
3
4@
[kl
f
M
12

fto é
_L4
rl

oL of [11[0 ﬂl
filo
4
ol
_0|£
=
)

2
i
ek
o,
N
2 o
2
S
oZi
b og NN
Lo N

o
O

e
Y

B oo
o

|

fu

ol ¥l th(Sadler, 1996; 417 3], 2011).
]oﬂ 1 7HL=]/K]- X]—O:]Z4 7]%

8|, 2012)0f| A= ZrofA 7
93 CCS JM o] AHekst

o

oo
59

o, o mv

B

b
Fﬁﬁ—ﬁﬁ%oﬁoﬂﬂ

(o]

o

R o
flo 1o ok

-liiﬂL

_—I‘_g

Hu

iy B
mlo °

=
oft
|o
fru

034
)
N
)

g o
rd
A
fu
H

4
M ©
o
30
o
=
o
@
of
oot

(

o o
2

N
to
z
L
rhiu
olN
ol
<
ro
>
W
Mo
oE.
N
ol

AASE kGt

3, CCS S8t 2 Bl Wot 5T A AROIEAY A8 3

Aol Rl 2A% A8 Bk T8 %

i%
il
ru
&
|o
u
_0|L
rir
(e
)
hia
o

(analysis) &2 3 7}(assessment FE+= evaluaﬁon)i} 02 2o d2o] 8- ch
ARl HA7E ofele mER A Jolo] SIS HAShA ofo] Tk the ek
= THsH7] fsiA= ‘AF2]lA s 7Ksocial appraisal) 7} o] Foj Ao d}7] o]t

(Stirling, 2007; 3}, 2010).

K314 W77 ol sol Aok gehs A9 elnlE ofel ZhA] BHo M 4 s
d, WAL 712e] DAA AT Blol wlah Woke] chara WS sojslEs wht
L EAe 2t %, gaksist ol A Tekd A 4jo] wlulat elo] tfalAE B}
o AT 4 glon JYMoR wAIsHe SHB ohe 1A HHel A
v A 7IgE ol I = = vEHY fE 8aSE H7F diAd Wl Z29AE
= Qloh E3E AEA olpEs WE st FHrbsk= Aol ofyEr AAA W
AABEe] olgpE 7HO| AT A SHE A Estal, A& tE o5 9d 4
+=HE Hsh= 5 ety FEHe 28T 5 =S St SAS At Holrt
BF7tol Frofshs WA M= FASHES sh=dl, B7kl st AwrlES &
A g FAlo] otd sAIA A (interdisciplinary approach)o| o]Fo]Z 4= Q=

o2t 27

shul, AEZHE FA9 B ohlet o SiFAE EHT B $1F




4
ilof

ol

=2 $hch(Stirling, 2007).

S

7HA AL

b AS

3
-

=
o

1 o]d

(e}
il

ol
°

o

oA o]

[0
»AO

15

o] 845

o

N

o] m=7]0

!
-

3 Ab8l4

) ofe)
shuf o] 4

X
=

ol A

3}7]

&

o] T8

ofjol| A 7] A

s

o] a7gr} e

915t w2

B7b7} Mok

L
R

shibe] Wyl 2ol e et

o] B et Aol 14

__OL
oF
ol
olo

7F Al

2R
3

A

)

=0l A

o cropet

=2 =
= ©

A2 A=

Bt 5

5F
7t

g

ol

s

o el o

H
=

913

3

5

(e
=

AAL ‘A Y (screening)

]_

R 2ol et

Z] o]
=

9% Bk A

ool

_—
o

;o_l
.

;_OL

i

il
Nk

ol m
TP
<0
)
= N
®o KO
o N
s B
7 ™
oo
o] &
o —
~
~ oz
I ar
) !
o %
kN —
U_
m
R
ﬂmo

13, 277 Al oA
=& 13t

23 o
o5}t o

il
i

ot

bt Aabs gAR olsfa 4 9lrk?)

. =
— ©

3

H

I Stirling(2007)-2

i,

ofeh o] 1

A2

ol

l
o

9
oA A=

uk:

=
=/

bsict.

)

I ol AA

=
=

g A=

s

o

Ao HEs

’|_

3
il

A=

b, 9iwe) At o

[

=
pL

el
=

I A4+= <2] 37 (deliberate process)

=)ol il

K

=7t cCS BEA
Hol TG4 'Ha|0} CCS 2020° AFEHO|

2|(2010)0fl A A=A

St
=

=
17l& &

x
il

2717 oloil chahM
_|°I:_]

St
Off 2t

|z

= 9} slofo}
2l

.3

2|
=1

32|y £ 54
3oz 4

o A
o2
M=

Sy

zl
[
ZHE Y=It 2 4

2

3

& ‘ccs

2) 2j CCS [HE

e 3 SE=f
M| 8

A
=
[

=

5ff CCS 7|

0|

8 E
= o

5|(KCCSA) 7t R ULt 0

off dxlot7|2 =0 UAT CCS FAEME

o

=yl

A
o

ELER

ZE

8 z7l0| FPAIBIERICE T3{LE COS B

Me
[e]]
M

16



o WS 9l AH chakak S A W FASS Sust] 919 melsof it W

— =
A 7Hs Aol B 1% A Ao FEA G A9 WA BE o] Zo] glo] WA 7

e HEsHe 5 AU o] Ya Bk ol Rold 4 QEE wi}

Bt T o] A gojol gl A 7he] ojabage] Zulo] Shuslojof s,
o= 98] Ab8]7} Weks] Faly] ofele A GG 9 ol A= thY
B 4 ol XS GATY A% WA RO SHolqE Fasith B3t ol
B7h A 9@ Bk 2 918 BelE Adsd A4 4ekE S UES S
Ae Zreth Wk WA WE THS WIS she Aol ohlel A WAL F
Aol WSS ) Lejstn A WEug Ba) §7140% B 5 A o
24 Freld Zuo] Bk ol Aesd weld 4 glom FRAomE AU 9
W g Ae ¥ 4 U Pt =g

0
=
(communication) + 7t CHAIS AO19] D EY S

Alel® Fot

(screening) (social appraisal)

- 2B 2o 2

S1=0| 21=7p 2> L oys EHE B |

Nﬂ¢

1YYS YAHOE s

oL =

AU BE BAHEAE 2 4 S) |
(scientifically uncertain)

* S HSE
B=g7p —Yi)| = 20| I H (deliberative process) |
{sodiopolitically ambiguous)
Nao L 5 | » MERE 2| A3 H7Hrisk assessment) |

A}&: Stirling, 2007, p.313.

AL31E) Bl SEe] A, WS, el WelES APEo
A|(risk perception) 7} % .5k 2 2§51 k. 1%l et o
s B s ABle] Fol7]o] ABITAUS 1 ARIE S8

e
=
Euf r
ox
L
)
rr
fn)
>~
R
2

17



22 7Bt H7k o] o]

3
=

e 9]

.]

S
fuis

2]
o whebA

}

R

o

wreysa A

K, BSEA

i
o

LIHE Al=lst

RIZAY
el

=
S

VSFEESON
I=H0IH g71

=1

-C0, 78
FE
FZLEE A

Al
- Sathd Al

- CO.7t X
- AFZDO! CH

+CO, 7& 2™

oq o kTN T of o B o) B
T K E o %o o T o oF B of
Woo o M- ﬂeﬂﬂﬁmﬂﬂn
« T X FT T o do T B oM g
T G
,#WV,_H_.W..__XDL_]_QHQ .ﬂﬂ._ﬂCmau;ﬂvM_l
\mzﬂ@_ﬂq T 9oy
oo o8 ﬂu:_el. .
oy TR ¥ )
md e dw T W o R
XML T sk 0 Boa o N
WO oo Z g mwﬁprqﬂae
0 F N
Trhkubie $EEZRT I | |s
! | N 2T
HNMWM@EM @dﬂﬁ%@n =
o] [o) I 10!
Mﬁ%@@ﬂw% HO_OW$WAT% o
| — JU T -
TafTs L% ESxorme | |8
_nu;mﬂ:iuﬂmwﬂ# oo u_xaf%ﬂwe&r ___.1____“_
[ —_ _I
mﬂo_,_ﬂrﬂo%moge qmoﬂﬂﬂwmﬂw oF
e imEgwy K TmIgwy |m
H T 4y g M = EYE g [P
Kp T lrew ® TLEILT, |8
TFE ey @ X5 .M w ©
) B% c_eo# ™ T d_ﬂmz_] =)
réa%oﬂ%@ﬂrﬂﬁ mﬂﬂﬂﬂﬂmﬂﬁn—ﬂom o2
B S o T OB T oo T =
%HW%J%W S xx22TT 3 |3
BT R T i AN L
S R A S~ N S I
ﬂ#@%@@% Mﬂaom@o@%a o
fr " R R o o = o < g < |2
ﬁe@ﬂlﬁﬁ?ﬂﬂﬂ‘ « WE T AR e
W N W o W T " o WX il

=
S

18




=
K0

O
s ot <1 10f
L~ < H
o) -
&l ™~ ol

==
[}

>
=
=

= KMo

X

A
=

21
EIESRPNESS

b

S
of

i
=
=

=)

el +x9
0,2 218 Xzl A

27t
29

ot
o
|

s

o
Slwells) UM CO.2 FE&0I MES| Bt

Al
=t Af
o
=}
ol
=
x
—
=
T

=1

=t

.X{
A1733] 9], 2011A, p.135,

AR

o

ol

NF

IR

3
Rl

A Aol

=13
=

91l

o]

RE!

5

k3
=

o 9|

1

1719} o) o

(e}
RS

) 2
et of

o

L

o

o] ol
&l 2 =

JGER

RS
7

s 2o A7 COr F ol 2] F1io] o] FolA

Z o
S|
2
(9
5

3

S
&

7tel
S
of o

Nr
K

7y

ol

N

—_—

4
_,AO

o

}

oA CO, A

Bl
_zr\

0

A

s
X

al

of 4]

=
=

=z =
=

Thof o sf

T
=0

1

FA

HA= =

i

R

7 7
§ COx o] Aol 7H54

3

=

A A=

[

o ENET 2L oy

|

L.

o}, vpolzh x|}

ﬂuu

A Ho =2 Q)

Z
Qs

[
71:—‘]—’1__:

19




4
ilof

ol

=3

k9
il

k13

JA4ES AH 97 B} o RojAES

]_

°
il

A= 2

Ie)

of o
=oll o

=

3]
=

el
2 Ak

°
il

ol

ﬂ
ol
ol

A A

Aot} CO, F&o &

S}
=

3 oF

A=

]
&

-
.

o 2k Abole] A1)

ot =

0]

{

)
=

k=L
Ao BARE g =90 4= 2 A, CO, 5oyt A& thHA|
7} CO, HjE

o =
AAZ = A& 4 Ak

=
=

Bk

I

% 1

o

7] &

=
=

917
=

T

0
gl

[e)

fu

=
=

o4 i
5ol o
CCS ¢

ol

BK
ol

3|
—

AA 71l |

=y
L

9

=
=

of
G

o
il

Tor

hiY

sttt CCS

3fj = o oF

[

o oAbz

=
=

3914

ke)

LY

1o

i 7] Hok

o

2 o]
mEujo] K2 o2 o]Fojx]= AF 2 ‘I (process) 22 O]

)

o
oF
ol

)

o

Fgol 71802 AAEu, tolrt

HJ-o}

By

1]

in
=

e

)

o
ol
it

1_,_A|O
Hr
!
F

ol

Njo

A 2ol

ol

oK

Ml

[\

olo
oF

ZA] CCS9

ol

!
o
9D

of
o

—_—

o] A =]

=
=

[as

3]
=

o] 2 9]

]
S|

CCS7} AH3)

L
.

ol A
siwof ghow, 2 84be] ofvlm

JFoz o

= o

A7t BFEsEE 947 o]

B7koh vl =)
ulgho] glolgke}. TLeju CCSel ol

20




Lol

)
_
N
B

o
..mﬂ

]

o
A

]_

S
o

= A

o -
&
oro
o

[e)

ol

w2l 50| |

]
1

L

A Y go] o] o Hof
z

A=

[

Asl7] 9psk Aekolth

A 32
Z o]

=

oS8 ob e} o d x| 4:5F mle A
3}

zlof of
taz Qlekar Belch wheba & A1 A

I3

VA
I s
14 =
J %

A
°©

o

90

A

off o
o] obd A2 #H(holistic perspective)= 33}

=

{o] CCS 1
A

1%
Aol e}

9]
a3
=

5

0

3 e

1Q
THA]

hvi]
T

b glom], Ae1al 48

[e)

[¢)

9

2]
3k o
A

Fod AR ol

s}
A4 o of

S
[
e
Z
£l

b olet A

R

o+ Abg]
(o]
o=
k3

L

AR o]
AR el =7k CCS 1 AL SHHET 7|

o oAM= F2 2ju]o
of gt =9], CCS

£ AE 719
o g5l o
o o

2ol Wa

=2k
91

=

s
T

ot

4

21

o]},

1

fLe

olgt= Aol o7t 7]




oo
for
S

72, 2011 A UE 0] 2 Gk Sl Eer uietel te ik 49 9 v SRR AL SO
27 At 45(1): 141-169,

REOLPEEARS om 2010, "7} OCS &9 FAA,.

9. 2011 vol @7h V1] AbSlA -3 B4 BhelEsta 1001 1-29,
4143, 2010, Tces Bl sls) AT AE D A % B, SROREB AL,
41743 9| 2011, "cCS ARel MeeAEsE 27 el AREA AR gty

oo faaEy 2L B3 49 A assh oy, AR 10(1): 129-150,

0]93], 2001, “s}7]|&0 AS|E AL 484 AT TS FAHeR” HEesdT 1(1):
71-103,
. 2007.°7]&9) ALE]E BA9F 87 TgAtAbS]) 730 246-438.

o]z%j 2000, "$HAAABL. BrPAk AE

ol o 2012 olatshera E W A digt diFe] AT 87 B GYFEIL 2103):
469-481,

2374 9], 2012, CCS AFY F7lo) divlet g7t Wk, sh=ehg g2

SHA. 2010, “APHFELl9] Y22 vl Q17 ¢ HE B4 Te] =S B3
A7 Tl &st T 10(2): 143174,

-

o&
5

Bailey, P, 2012, “Can Governments Ensure Adherence to the Polluter Pays Principle in the
Long—term CCS Liability Context?”. Sustainable Development Law&Policy, 12(2):
46-170,

Bradbury et al. 2009, “The role of Social Factors in Shaping Public Perceptions of CCS: Results
of Multi—State Focus group Interviews in the U.S.”. Energy Procedia, 1. 4465—4672.

Fairbrother, A., R. S, Bennett, 1999. “Ecological Risk Assessment and the Precautionary
Principle’. Human and Ecological Risk Assessment, 5(5): 943-949,

Greenpeace, 2008, Leakages in the Utsira formation and their consequences for CCS policy.

Kirchsteiger, C. 2008, “Carbon capture and storage — desirability from a risk management point
of view’. Safety Science, 46: 1149—1154.

Klinke, A., O. Renn, 2002, “A new approach to risk evaluation and management: risk—based
precaution—based and discourse—based strategies’. Risk Analysis, 22(6): 1071-1094,

Kristensen et al, 2006, “A new perspective on Renn and Klinke's approach to risk evaluation
and management . Reliability Engineering and System Safety, 91: 421-432.

Majong, G. 2002, “What Price Safety? The precautionary Principle and its Policy Implications’,
Journal of Common Market Studies, 40: 89-109,

22



Ly

BA EF U HE(CCS) U A Lot 43 Al AHHLHE XS Loy 284

Morris, J. 2002, “The relationship between risk analysis and the precautionary principle’,
Toxicology, 181: 127-130,

Peterson, M., 2007, “The Precautionary Principle Should Not be Used as a Basis for
Decision—making”. EMBO Reports, 8(4): 305—308,

Rayner, S, 1987, Learning from the Blind Man and the Elephant, or Seeing Things Whole in

Risk Management, Uncertainty in Risk Assessment, and Decision Making, Covello, V.T. et

al. (eds.). New York: Plenum Press. pp.207—212.

Rayner, S., R. Cantor, 1987, “How Fair is Safe Enough? The Cultural Approach to Societal

Technology Choice”. Risk Analysis, 7(1): 3-9,

Renn, O, 2007, “Precaution and Analysis: Two Sides of the Same Coin?”., EMBO Reports, 8(4):
303-304,

Sadler, B, 1996, Strategic Environmental Assessment—Status, Challenges and Future
Directions, Ministry of Housing, Spatial Planning and the Environment of the
Netherlands,

Starr, C. 2003, “The Precautionary Principle Versus Risk Analysis’., Risk Analysis, 23(1): 1-3.

Stirling, A. 1999, “Risk at a turning point?”. Journal of Environmental Medicine, 1. 119-126,

. 2007. “Risk, Precaution and Science: Towards a More Constructive Policy Debate”, EMBO
Reports, 8(4): 309-315,

23



