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ABSTRACT

Carbon Capture, Utilization and Storage has the potential to reduce carbon emissions as a sustainable technology. Despite
this advantage, public resistance to new technology shows that successful establishment requires social acceptance. A previous
study demonstrated that the public's attitude impacts the acceptance of energy technologies. This study conducted an online
survey in Korea (n=436) aiming to understand the Korean public's attitude and find key factors affecting carbon capture,
utilization, and storage technology acceptance. The results revealed that the Korean public has a high awareness of climate
change and the environment, and tends to take on risks and challenges. These characteristics will act as the foundation for
high CCUS technology acceptance. This study compared the public's affective-cognitive evaluation results of CCS and CCU
technology and found that the public evaluated CCS and CCU similarly, but was more positive toward CCU. However, the
public's lack of technology knowledge may be a problem in determining factors related to acceptance. This study proved that
affective-cognitive evaluation could be an effective method for promoting and increasing society's acceptance of new climate
technology. This study suggests that it is important to establish strategies to help the public understand technology when

introducing new CCUS technology in Korea in the future.
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Table 1. The general characteristics of survey

respondents
(r7=436)
Variable Sample (n) | Share (%)
Male 216 49.5
Gender Female 220 50.5
20~29 81 18.6
30~39 87 19.9
Age 40 ~ 49 90 20.7
50 ~59 89 20.4
60 ~ 69 89 20.4
Under high school 103 23.6
Junior college 75 17.2
Education | Undergraduate (B.A.) 210 48.2
Graduate (Master) 40 9.2
Graduate (Ph.D.) 8 1.8
32 42 23 ¥ ME 74
2 d7e ga ZH-AF-ZE(CCUS) 7 didt tiF
o A QA -84 I a9e Bastaa Al
= A5 A8 SHES Huijts et al. (2012)2] A1ZJA]

YA 7|0 gk 848 T AYIE &85, AR &
32 Linzenich et al. (2019) & #1513t EAof o] &3t
AEAE A F 7K BREOE U 4 jloH, AEd=
T4 9 ZZA 552 ol Fig. 13} At

A A, 7i1 Bl et AR AL 6714 AREGES
2 Fgsielth AlRES @O7]19 13} digh Q14 (Lee et
al., 2012), @873 118{5l= 9Y5(European Commission.,
2018; Wippermann et al., 2018; Linzenich et al., 2019), 3®7]
£o] st A7) 857 (Beier, 1999; Linzenich et al., 2019)
@719l &A1 AJ3K(Fazel, 2014; Linzenich et al., 2019), 39
o] tist B (Rohrmann, 2005; Linzenich et al., 2019), &)
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Research flow: attitudinal variables and affective—cognitive evaluations of CCS and CCU
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71ES 7HEFS] A9olith(Offermann van Heek et al.,
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Table 2. Overview of items used to measure
attitudinal variables and item analysis
statistics (Cronbach’s ).

Tk

Attitudinal variable Mean | SD | Cronbach’s a
Climate change aware 4.87 | 0.58 0.688
Environmentally aware behavior | 4.41 0.63 0.756
Technical self-efficacy 3.86 | 0.81 0.805
Personal innovativeness 3.51 1.03 0.901
Risk orientation 3.66 0.40 0.514
Self-assegéesd ;(;:vgé%ge about ) a3 0.99 0.970

gutel A B4 2% 6714 2919 2 iy
Ao] M|iE EASSHA Fig 29 Utk 4R A BB &
715810 ek Qlalo] 7P A Lhebde & 4= Slck. ¥
Bio] CCSF CCUY Thet A4 74 WA Uperdeh. Sk
e Ttk BE AT, 7140 e a9
ol cigt e, ) HAF 0w B ek SR
L susiel @l dh AAe EkAEL 474
CCUS 71%0] Tiek AFARIALE A9 gickar Tetahcs.
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S L
o3| - 2z
MESER TR
(Climate change aware)
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cessk ceusl dek AA A 1487 29% nAte T AT
(Self-assessed knowledge) (Environmentally aware behavior)

441
243

3.41 3.61
Aol e el
(Risk orientation) 351

Aol vha A7) w7
(Technical self-efficacy)

7l 841 A
(Personal innovativeness)

Sample’s attitudinal characteristics

Fig. 2. Attitudinal variables of Korean
(n=436, min=1, max=6)
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Table 3. Adjective pairs used in the semantic
differential scale, overlying dimensions, and item

analysis statistics (Cronbach’s a)
(min =1, max = 10)

Dimension Ne.gat%ve P(?Sltl.ve Cronbach’s a
adjective adjective

Acceptance | Unacceptable | Acceptable -
Technological Useless Useful CCS: = 0.76
benefit Futile Feasible CCU: = 0.85
Risk Dangerous Harmless CCS: = 0.77
Risky Risk-free CCU: = 0.81
Technological | Immature Mature CCS: = 0.65
evaluation Conventional | Innovative CCU: = 0.68
Ecological Short-lived | Sustainable CCS: = 0.84
evaluation Pollutive Eco-friendly| CCU: = 0.83

ofelle] Table 4= CCS2} CCUY| HiRt A2 AA7F =&
gol| mxli= ol izt ANOVA E4 Zxp Yept Qlck
CCS2t CCU 7l Hiet th&e] 7k R Aol sl
A SAECE FefRt Aol7t Al ZAEAHp <0.001).
b S F 71ES 88 AASKL S & 5 A
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Table 4. Results of ANOVAs for differences in affective
responses and beliefs towards CCS and CCU.
(n=436, min=1, max=10, of1=1, df2=435)

2

Dimension | Bipolar adjectival scales F P 7,
Acceptance |Unacceptable — acceptable|48.734|< 0.001| 0.101
Technological |Useless — useful 48.443|< 0.001| 0.100
benefit Futile — feasible 23.192|< 0.001| 0.051
Risk Dangerous — harmless 23.808|< 0.001| 0.052
Risky - risk-free 32.393|< 0.001| 0.069
Technological |[Immature — mature 35.499|< 0.001| 0.075
evaluation |Conventional - innovative|29.967|< 0.001| 0.064
Ecological |Short-lived — sustainable |29.464 (< 0.001| 0.063
evaluation |Pollutive — eco-friendly [20.469|< 0.001| 0.045

Table 5. Rotated factor loadings of affective responses

and beliefs towards CCS and CCU

Bipolar adjectival scales CCU CCS
CCU_ Short-lived - sustainable 0.826
CCU_ Dangerous — harmless 0.826
CCU_ Pollutive — eco-friendly 0.801
CCU_ Useless — useful 0.797
CCU_ Futile — feasible 0.781
CCU_ Unacceptable — acceptable 0.762
CCU_ Risky - risk-free 0.749
CCU_ Conventional — innovative 0.731
CCU_ Immature - mature 0.601
CCS_ Pollutive — eco-friendly 0.786
CCS_ Short-lived — sustainable 0.785
CCS_ Dangerous — harmless 0.730
CCS_ Immature — mature 0.728
CCS_ Risky - risk-free 0.728
CCS_ Conventional — innovative 0.724
CCS_ Useless — useful 0.707
CCS_ Unacceptable — acceptable 0.678
CCS_ Futile - feasible 0.676
Variance (%) 36.85 35.07
Cumulative (%) 36.85 71.92

Bartlett’s test of sphericity p <0.000, KMO =.935

3L Table 59F o] 921 E4(Varimax Factor Rotation)s
E5) Bt S BAFC) Bartletto] L34 HAQ SogkE
< 0.0000.% et HHHE o % Hap
u]5lt. Kaiser Meyer Olkin (KMO) Z74zko] 0.5Xc}
A% 2R1EHof H3tsirtal TSITHLee et al., 2017),
= 24 A3t 2717] 8<lo] &I A WA aae

71&3 £ WA 84 CCS 71& B9 8Q108 UH9ith &
S5 2912 AA B4 71%E Adstal A dHA o
2 9] SHEAES CCULt CCSE
Tl 2AE]IT 1 2lof e 89052

7o) AL 3]

w2lsto] 145t

FEEA AT

o

=

Bt
Ccu

o ZH-oIXY WISt 484 7 783

4. HOJE| B4 Zut

4.1 CCS 7|z CCU 710 thet ZE-2AUXIH

H 5

o

7t

2 AFolAd 71&ol Hiet tF & Atet FAH-Ql
A& g7tof| dis AmEtTh CCS 7| CCU 7|&
et o] Bdgt= Hlws| X9 Fig 33}
CCU 7]zl "3t +84(M=7.06)2 "¢ &4 it
HhHo] CCS 7]&o] tet 84 =6.47) AHH o=
A UERETE 2k tiS2 CCSeF CCU 7] s A
v o s FAAQ H7EE stk CCSeF CCU 7|& &
T AdA R H7PF 7P WA UEhd ARG ES s
E331, o]ojA] CCSEF CCU 7«9 XA A, g414, 1
il A&7 =ox WA Brksk

SUoA NP FL AR 24 HEA9 3
Ae} g9 AE H|WSHH Fig. 39} Zth(Linzenich et
al,, 2019). 3t=to] QA2 EdH Tt MA| SO FHgkol
A A 0 8 o} FHE thEo] £ thEHET CCUS 7]<0|
qoa] 2AF oz Hrshs & £ 9t} ZE o0& CCSELh
CCU 7]l tisiA 5420 Frlshe 432 & & AUtk

719 g tiFY AoldE HY, =2 7]&F HY
o] 7} &2 mrlE wotoy} =Q9o] AL AL 7}
Z 3A QAR 7MY R BrkE B R EL St
=Y BF Vs A2 A oIttt

2
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Fig. 3. Comparison between Germany and Korea mean
affective—cognitive evaluations of CCS and CCU
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A 24517 Yol HAA 5] 54 (Stepwise regression)<
APttt SEHEHFE 7e 84S, S A
409 2ARIEA, 714 B7 44 5L 71ed ¥
oo ST 471 8152 247} 2714 Al R
og FAHEH

Table 6. Regression results for the impact of affective
responses and beliefs on CCS and CCU acceptance

. CCS CCU
actor ; 3
Technological Usefulness 0155 01457
benefit  |Technical feasibility|  0.316™" 0.395™"
Risk Harmlessness - 0.132:::
Riskiness 0.100 0.106
Technological Maturity 0.187" -0.131"™
evaluation Innovativeness - -0.098™"
Ecological SusFainability 0.112™" 0.287""
Environmental
evaluation . . - -
friendliness
Constant 15117 1154
Adjusted K> 0.477 0.669

***p > 0.05, B =Unstandardized Coefficients

AR 23, #8400 FE 9L e f8lES
S Table 67 ZH}s). A{=E Hdlo]A CCseh CCU
71€9] 784 8IS A 7Y -84 A&7
g0l 3ELE 7P Fa5H YEHAL, 1 9 354 ¥
Folom AT A 5ol Ao A AR TP 2
FFE A= AFFEHLR CCS9F CCU B 7|<4 #
o] 8219 ®AE 7Fso & Yttt F A 9 Al ¥
A2 FFe A PR AFEFEL2E CCS2E CCUA
7Ied "elo] 0843 &4 B7te] OAIS7sAdel
JT ANt 92 &9E et CCS9F CCU 27 4
HA 4T ARz A9 F= OAE4, oAl

T F52 71e4 97 OSHeE UEEH.
AR CCUONM = A=/l ()2 A7 et w4
Ssithe 237 Uit CCU 8430012 o4 WAl <=4
o T2 AP FE @w3igel, 1Hal I WA=
7Ied W7te @g4Ader YEth 442 &)
Yoz YET CCUS 87 ¥d= "A= 292
2 At g2E, gAHCIA s 840

oJ o
PIS=1
CcCcsol A tﬂlﬂ.{'\_(ﬂ—;ﬁ

3) BE 4UNsE EZ3e
o] 1A glgek. ol

SR
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4.3 CCS/CCU ZHYRI/SHARIR 723t CCU TI& %
84 Zak: @y

£ ATNAE $YS W SHHGEA: 5-0F AY

5t A 149k ARG 1108 e

w42 AW G 57 71 B Aol

22 W) 714 580 o5 $YS WY 4 YO CCS

d

Whg golnel Wt
(Linzenich et al., 2019).

CCSe} CCU zHgAte} wtthiz} 152 FHE st
otz 2] Table 73 gt} CCSeF CCUC| W3 H/dshe=
o] Hitjsh= gt Ao HFo] Ut A
FEol A= CCS RiiAF 252 dAd7} o/4d9] HlFo] H]
ZRARE, A OEY A 9489 HIsol =t
CCU Z/gAret vttt 1559] @y H|S2 HIs5HA UEt
ot 7 71E A i dole CCSe 46.224,
CCUE 454142 ¥i#F o2 CCS&= 41.304], CCUE
4030412 IR} ko] o WA UEbgTh

Ml EoAE 715 Hstol] tigt Q14 (Climate Change
Aware)ol| Al 7+ 7]&9] ZHgARET BitiR} o] wrhe
As & 4 AU SHAINE 11 9] oA B HitA}
Feto] ZHAR ST Hatglo] Rrhs AS FASHI
53], CCS} CCUof| Higt 7140l A= WA yebst
ok E3H CCS 7]&ol gt b ae] & tigt 7]
857 (Technical self-efficacy) &=oA FHHgk xo]7}
0.09, CCU9| zHtyTo A= 7119 FAT F52 3
gk A0l7F 0.052 7MY A2 Zpolg UEhiLh 7 &
ZolE Uit 2902 CCseF CCUol| digt APdA A=
O F CCSIYA+= Fdf 0.62, CCUNA = 0.42F UEFSHL

O £42 CCS 7|&9] ZHdAtet w7l ceset
CCU 7 71%0] dhs o9 A 14-274 Wrpskes) ot
1eo] ARSI Fig. 49 2o Bl 1202 o7 A%
FEER Bl CCS 7] A9 44, CCURY
CCS 7]&9] 48740 =34t sHAITE 84S ARl &
= ¥FIA CCU 7zl " o 383 B7HE Ak

]

g oY g

, CCU9 7% 247 gho] YAt CCs9 B HE A9 AASH] A3 vlaste] 43 3
AAH @rhel gt N1 B} Zol7t AA Uer] fEl s wHEs
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Table 7. User profiles for supporters and opponents of CCS and CCU.

CCS supporters CCS opponents CCU supporters CCU opponents
(n=221) (n=57) (n=283) (n=33)
Male: 123 Male: : 29 Male: 144 Male: : 14
Gender
Female: 98 Female: 28 Female: 139 Female: 19
Age M=46.22 M=41.30 M=45.41 M=40.30
g SD=14.25 SD= 12.43 SD= 14.06 SD=12.47
Climate chanee aware M=5.09 M=5.11 M=5.13 M=5.21
ge aw SD=0.60 SD=0.688 SD=0.60 SD=0.61
Environmentally aware behavior M=4.50 M=4.21 M=4.49 M=4.35
Y SD=0.80 SD=0.85 SD=0.77 SD=0.78
. M=3.97 M=3.88 M=3.87 M=3.76
Technical self-cfficacy SD=0.86 SD=0.87 SD=0.86 SD=0.93
Personal innovativeness M=3.58 M=3.30 M=3.49 M=3.44
SD=1.04 SD=1.97 SD=1.07 SD=0.93
Risk orientation M=3.73 M=3.55 M=3.70 M=3.53
sk orientatio SD=0.66 SD=0.57 SD=0.65 SD=0.65
M=2.59 M=1.97 M=2.49 M=2.07
Self-assessed knowledge about CCS and CCU SD=1.06 SD=0.85 SD=1.05 SD=0.95
CCS ﬂ—ﬂéx}— 1%)1]— l‘ﬂ_]_'EHX} 1%_0:{ CCS_Q,]— CCU 7]%0" Unacceptable 3‘2\ o0 e Tes Acceptable
W ARFEE B Fole B iR IR V& s
ottt B Wik FAE He g 2E W) U
_ . _ - Dangerous 493 ! Harmless
[R1oA FHs] &2 B7HE LUtk 55| 784 == SRR
Risky ,’ 2 : Risk-free
MEHG 1, CCSHTF CCU 7140] AL & 5 AT e w e
%7]-@- ;‘1% % Zl\— 9&‘:]‘ -?4‘—33*5] R?J_ ]/\_1 7]%01 'Ol"]‘aéﬁ—]' Conventional 4\77‘, E Innovative
2 LAUt FH 2L S Qi oAt E3F F 7|E BT Shortlived . 5 Sustainable

A&AoNA 7Y B2 H7EE wot fiFEo] 7l<o] sl
obz] J&otA] At QlAlskE AL & 4 AUtk EA
B7t8%19 A F 7le BF A BUE Witk

CCS 7|& A9 4%, F 7<) HoiA dAxtzo
2 = 37133 A8 71€9] 5/l doliAl= Hl
W3 @A Frgnt. A9 CCU 7]&0] CCURLE A
Aoz o Qrdotrtal QIASH RS IO 7|&7|oA4
E 4 AUtk

CCS 71& WithAre] 3% CCS 7]&o] s A= F
AR oz Wi 1% CCS 7|& 4840 71 21
71€9] A543 folde] AR 2 WIS Wkt
J10] HJs CCU 7|l HiafiA= Hd s 320 3
7Fe BAT, o435] 71&9] Z5/83 fagol s =A
B715t. CCS WHiAte] &= 7]sof it B7t 1o
7127 Blud] ¥ CCU 7|&S 371 i 84, &
843 5 FEOIA & B2 IR AL & F A
o} o] &5l CCS WA+ 12 CCSET CCU 7]&9
&0l tsl G4 A0]al CCU 7]&2] e/l tisf =0l
37k & & AUTh

nﬂogﬂ:%i

Pollutive 451 !
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Ecofriendly
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Fig. 4. Mean affective—cognitive evaluations of CCS
and CCU for CCS supporters (n=57) and
opponents (n=221).
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Table 8. Regression models for the impact of affective responses and beliefs on acceptance for supporters

and opponents.

CCS supporters CCS opponents CCU supporters CCU opponents
Factor (n=221) (n=57) (n=283) (n=33)
B B8 B B
Technological Technical feasibility 0.180 - 0.347 -
benefit Usefulness - 0.269 - -
Risk Riskiness 0.083 - 0.106 -
Technologlcal Maturity ) 0135 )
evaluation
Ecological R
. Sustainability - 0.194 -
evaluation
Constant 5915 2.085 4.042 -
Adjusted 0.185 0.380 0.4154 -
***p > (.05, B8 = Unstandardized Coefficients
&7gol S71etaL, WiiAte] A9 f&otrtal 1A wf o ZAoAE CCUZL CCS 7]& Ert BE 8RIA &

A
ES
$-8730] F7rettha EAE A

CCU 7|&& AASte SEACIA A 7Hs83 A%
7V, 71€9 444, 984 FEo] 2 8Rlow
7Fstdtt. CCUE BHiots IFolA= fogt a%lo] 1
Q) okoktt. 9bA ZFet MA -SHA| tigk cCuof
3 EAS Hus) BkE o §-84, foi, dA8E
2% 9Qlog YA ottt CCU A9 A<
7l&o] A 7hsotal A< 7HsohH IdehA] % vl
&oltial 2 o $84do] F7Ietthal EAE I

CCset CCU 7t 7]&9] M, HitjAEo] CCU =80
FTFE A= AA-QAA 8810l i) LotE gt 2Hg=t
agoIA Ad 7FsAdol 7P Fa%t aQlog ugial,
CCU A A% A&7 71€9 A4, 9014
ol A& FFLloZ B} CCS iAo 4
< 71&9 4840 A HA aRlor EAH o=
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ot w7 of 840 7MY S Bol = AR
Holr},
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AAH oz Uehgth ol CCU7} CCS 7|&HT}t 7]&9]
A7 Z7] wEolgky o &Eith(Linzenich et al.,
2019). 2=, 71&9] AF7] WA 27] dA|EE FF
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Y2 CCUS 7]&o] ZYoAE gA42l 7]&olzt
Hollx= FHFoR Hrlstal AT, -2t
AT A848 H=E AlQsta 2% 8104 H
A7V AA YA =tk

o

me of,

e

[e)

|
=

A it

oo

fr
2L

5.2 CCUS 7|=0i it thE2| F=et X|4

SHAE CCSe CCUE &35t IA|skaL AT, &
710l gt A¥tAEQl 7ol tigh A4} o]t @
Ao g siHTt. Aol AAIRE 871 £4Z St 5
A= CCULE CCS 710l oA Efste] 143t} Liet
St 79l B4 RO A& CCSeF CCU 7w APEA]4]
FEOA AP R A]o] BEsit) Uyt

o Yol LRSS CCS 7]&0] i3t o]s)7} CCUX
o} @2 AoF eyt CCS9F CCU 7|49 4849
FFE vAE TA-AAF 220S A% A3, 9AF
3] HoflA CCS 71&ollA A== 8%lo] & AA Yt
o} ol= SHA} 710l Al olsiotRA] ZRAY SH
Ao A CCSE AT & 3= 88lo] F3HsHA UettA|
Ao Aog 2T}

TS CCUO High AAE W2 Ao g EAFT ofd



CCUS 7|=0i tiet tiso Z8-2XH B7tet =84 A+ 787

et 2AEM cCuZt 7H 22 7ledol: e7ohL &
A SAEA Aol FAF TleolA 59 el «
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ojty. FHA} 71&o] =YEHe RS TR LR dF
o T gw¥isty] iizo] AA| FAA EA EUAl A9
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