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ABSTRACT

As a way to mitigate climate change, reducing greenhouse gas emissions from specific emission sources has been the focus
of most research. Recently, however, increasing attention has been paid to a carbon dioxide removal approach that removes
greenhouse gases from the atmosphere. While this approach utilizes diverse technologies, this paper focuses on direct air
carbon capture and storage (DACCS) technologies. This technology is being considered as one of the mitigation options by
governments and private sectors in several developed countries. Direct air capture (DAC) technology is also included in
Korea’s 2050 carbon neutrality scenario. Yet, DAC technology, which is related to DACCS technology, has a very small stake
in that scenario. Furthermore, Korea has never undertaken R&D projects on DACCS technologies. Although some R&D
projects have been conducted in Korea with yielded results, they were on general carbon capture, utilization and storage
(CCUS) technologies, not directly dealing with DACCS. Therefore, this paper attempts to explore Korea’s R&D potential for
DACCS, focusing on DAC technologies, for DACCS technology deployment in Korea to meet the national mitigation target.
In this regard, this paper questions whether the current research capacities of Korea are compatible with those required for
DACCS technologies. From previous literature on three factors that influence the deployment of DACCS technologies, i)
technological factors, ii) economic factors, and iii) environmental factors, this paper formulated an analytical framework with
four technological factor components: i) capture materials, ii) capture process, iii) required (input) energy, and iv) carbon
credits from technology project implementation. This paper analyzes current Korean R&D capacity in these four components

and draws recommendations for future policy.
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1. ME

20159 AeE AL A AFE 2= AsS A
3} o]d 4% di¥] 2T = AA/Ith= ZRE 4

L5CE 94 ¥=% k8itte 5825 445k Ut
1EEgS At FA7|FHSFFHR(UNFCCC, United
Nations Framework Convention on Climate Change) A|21
A SRS JlEsiel Be 4% 2 gelArcc,
Intergovernmental Panel on Climate Change)= 3} 1.5C
=1 242 AR AU 9} HiE A=l digh A AlA
AT A APste] 2018E7HA] EHEIAE U6t
& AL 3453, olof we} IPCCE 2018 109 °1.5C
SHEIAE ISt & HiAE 1.5C 51 24
= 98l 20509 =2 A A|F2 o= olilelEa FHlE
(net-zero emission)S EAJstojof S H T, &3} -89
Aol w2t & vl 7HA9] &8t AU E =Stk
ZF Ay QoA HESH= 435t =282 i) 34 A= A
2 AN B2 viEF A4 i) oldA A8 A oi"
o =9 Ak iii) o]AkstetA A|A(CDR, carbon dioxide
removal) ¥ &80o78 FEG 4 JTHIPCC, 2018, p.
14). ol2lat @3} 12 Zo|N FBE B 71 HE A
Q1 BEo| A7} FAT A8 AY HHoze) Helo]
RFEE Aol HEA CDR W] go] B
oletT ATk Holck(bid)

CDR HZHE ti7] 579 oileldas ZHsto] the
4o AZA7le WS B9l t7I2RE oklsas
AAsH = HHoltt. o] CDR HH2 24| F 7=
TaE=t, shte o|dRE F8/4d0] JAFEH od =¥
9] A=A 718 CDR FHol1, o st 7eE &
B5to] QI9F o= o ilet|AE A|ASk= 71& 7I¥F CDR
Ao t(Ibid., Sec. 2.3.4.1). & =HEoA&= o3t 7|&
719k CDR < F ti7]0] ojn] wi&= o] EAsh= o4t

N

A5 A ZYsto] A= Ao g ti7] 59 o]
ARIAE AASHs A7 S Y-AZHDACCS, direct
air carbon capture and storage) 7]&o] FE5}A}F $H})
11 olf= A AAFLE 20509 ©ATH B2 A
St =of QlojA] CDR HFHO| &8 11Est7] AZR
7] Wj&olc}, SEuztE 20509 ©ASH ZEHE A3
11, o]& EAsh] g A= T2 2050 H®HAFH AL
g E 20219 10€¥€o] HHSIF=T, & AlUE| 0] 9
olH 22yt A - 7] ZZ(DAC, Direct air carbon
capture) 714G BEI] HAZYS PHHTA Gt
(CNC, 2021). o] Ayl = 20501 o]0 Aeks}zdt
A 7tAEAS AW ST6hs Ay Agstedd S
Tt 7tAadHe 9 FE 885t BleE 4
Ho] glon, & oF BT 2050d0] ¢FH|E S4S 2R
2 ot Utk o] T A k2 YA FF Q9 b £
oA & Zpo]7} EAct=H], HRZHCE % FEolA
Qtofl A= A AFF T 95% oldo] M7 & Far ARl
S 7Hstl o, Bl A= Al A & (e-fuehE &
S A7 Zpgo] AR ot Sl AL 7P o]
BRof|A] W A7] Aol A AT 2A7EA HiES A
#st7] {8l f-=uete ofn] wiEE o] 7] Sl EAst
L ojlselag EYshs 71491 -7 BYDAC) 7|
&2 &t Aol ZIIEUTHECNC, 2021).
a8y fguEelAs & 71l e AHA0 R&D
ARY Al 2138 Ho] Qlal, T3t 7]&s A83t BVt gl
o T AJ-o] EAISHA] 2 AHloltt. 2050 ©AFH
1 942 floto] 5 71&9 A& 7HsAdo] AuE e
230} =Ht, & 71€9] R&D H 28] tisiA A4
°l AEZF "esitta & o Qlth wEhA & =wollA=
DACCS 7]&o] tigt 9-2jutete] A 7128 o] of
SiA arEstaR; gttt olF fldll, YAH R dA St
27l #Rste] EReh geh AR -ZAH(CCS, carbon

> A

1) & B1A9 RAE 2% T4 B2 15T AF 235k 7]19Hs Ay AL7sTA, W 280 A A A7E b8 A9t
stefs Hi StollAl A AFE 2= FEZ ARISE ol tiH] 15CE Agele A olgt ¥HE A AFH 2AVA HiE 29

4o digt IPCC EFH A ot}

2) 15C EERTAY Y 714 GE Ateles 9ot eyt CDR 290 B§ Fwol wel Pl PR PRI PIS ofuix] Sa9)
2F 2P A9 95} oz ols) AEA /¥ CDR HEHel 2UTE BRIAE FRSAT, i AL uE0] 2P 9

o 7]1%3 CDR WS 47 F& &80, P3e olvA] 359 SHLE A3t go] o|fojxn © W2 7|&4 CDR HIHS &
85t P4= A E oA JF YHeRE AFFY 71<4 CDR o g&gof S Hol= Alvgleo|tt

3) Sty 2050 ©AFH AU o)X= Direct Air Captureg A ‘F7]” ZFPOE WHsIY QU] o= olidea XL HE
o] YAst= #iEYol ofd di7] FolAl Frhs Hol d4olEg, & =RoAs AY 7] PR WIstuA gt EFE, 7ol
A olASIEAE A EFSHE 7|EL DACEZR= olE 9ok, XA 7|<4d 7 DACS (direct air capture with storage) 22
DACCS (direct air carbon caputure and storage)@h= 80 FA| AF AREETH 2TUet] 2050 BtaFH AU oA A =gt gof
7b AHF71ZF(DAC)PIEE FRA9l= DACE IHE Ql&stgloy, & =704 IPCCA F&E AMESH= DACCSZH= &ol&
A&t
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capture and storage) 7]<:0] tfst A& dT
it S8kl QeA|g AwE B ast 9lek 53], DACCS
713} CCS 712:9] Fol olitsieta 24 TAoA LA
s, R oliksleiie] A T1ee FUFIE, ol
sheit Ao] Thak DAC 7|40] 24 FaAt att.

olef], & =2 A2 di7] 2 olitetEaE A
715171 $1%t CDR 42 7Hk§ﬂr Fg& 2sti, o]
S WEZQ 7[€= DACCS 7|e5 75kl SAAE A
A 1 8740l 7&45171] | g gttt A3gelA

£ DACCS 7]&S =Y Al IEdfjof sk 840 High
712 BEIES AHET o]lE T)&A, ‘AAA, AHd
249 Al FEoE FESHL FEE Y 8458

=&t 83 1114”011*1% 0131%} 24 F Ve
sigske 28 849l i) EHA, i) 374, iii) FY 01114
A, iv) AEAA 1A 7Htste], -2uErt ojw] B

skal 9l YRk CCS 7|&<9EFo] DAC 7143} $3ho] 54
LA E43517, o]E v o2 DAC ¥ DACCS 7|&S

1o
=Yst7] 1%t R&D FH ) WFS AR vpAge
2 Aol e 24 2FE HEe R FAH AAREE
TSI, e AT WS ARt

2. HiE

2.1 OJkefEts H7(CDR) H2H

A7) SRS ol A 7] F 2A7EA F= PESkEt

= 53 olo] e FAE0] FFe R He 9 7455}
| 98] wafof o} AR i) LA47FA9] HjE Yo 9]
St 2194 B (anthropogenic emissions by sources)’ I} ‘-
o] 9J5t A7 (removal by sink)’©]Th4) o3t F 7}A]
A} ol w2 7<=-8-F(types of mitigation)S Tha}t
ol FEL & Utk stue 247tA9 HiE
(source)o| A1 9] Q1914 HjEo| iRt ASRFLE, o] Hj
%ak ARtoly HiEYY 2 52 &9l LAEEY HiE
€ A Z(emission reduction) = A|$Fol= 50| th(Park

et al,, 2020).9 T2 st Foll 2t A A gk 7+

N

R2|LiZt R&D M ey G 77

A W RUNE 5 59 A 35 25
o|th(Park et al., 2020).6) 13d] o]3st &= A&

9] &5 B4 W7l 5 2L Bk ‘LVJQ}E}:

7t S5 BAHA 3t AEo|tH(UNEP, 2020, p.34). ot
. E e daagel olslel g, ok A
(removal)’ o]t} o= A AFH ‘Tl Qg AAH
ot g Jfgog LATIAE A om 717k S0t thE 23
1 A, B, BE, 6H 3, AlE 5ol Adste] AAS =
AZHo|th(Burns, 2018; IPCC, 2018, p. 544; Park et al.,

2020). ©] FOIA] “T}7] 579 2AEA(lABkRZ] B
Hakel 24 7%k B BE BAA A4, £, B2, 9

& AlF 5ol AFste] AATTH= H2Ho] BIE CDR
HRoltt. o] CDR W2 7|33} &3} =2 o] At
oz An] 9 A g5 HAFof ol= = S 89
s, 7] F AT Hig S EEolER
9] FAH 52 Ao 5 —t— il P—% HAA &
U= UG A9 71E9] 45 &5 Heshs 59
oz 28 & Slthe %XéOl UATHIEA, 2021).
o]2]gk CDR HIHL AA F 7HA=E &= =, ot
U= AEjA 7]8 CDR Aol 1, B st 71 7]
5k CDR F2olth. AejA] 79t CDR F2EL d7] %
o) ®rag Fohe 4AE /M A AAE B g2
WMo, A4, B &7 59 A olisiEis §4 7]
52 57X 9 8ok Whlolck. v, 7]¢ 7|4k CDR
2HE 7148 B8kl Afidon o) 32 olusE
= THOITHUNEP, 2017). AeiA 7)1k
CDRE Q3 717t 74 710457} AZHAT ALsl4-84
XoéOI glou}, go] BguE FHold T4
w29 7PsAdo] Slths whdo] 2ARt
o} vk, V1% 7111} CDRL 9P4#Ql g A4S &
3 Ao r daART) 7hsotr, 2o BRI B
52 3 HAo] vl A= Aol 5‘—XH;WU YA
714k CDR tjB] APSlgAdo] o, @ 71eds
T7F 9 AS A7 SESHA] e 7134 T A
7Fe/dS AAR St Qo] A= 7wt AAEAE &
Egoitt= Hol ek og F3lok(Ibid.). <Table 1>2 o]

0

R

%990% o= 54 ulE 49 glo] o7l F AR g cDR Ao REAAS Rl 2
4) S| FRSFEA Bl N BE GAEY] onz BEelS oA ofs) BAEA e BE 24 Fhao] e o ¢ H
H W 0 ~EeUd ola A e 2 QMES A M AN AZSIL, olejet ME U] ol AAH BT Foeld

gt AAE Bl 7T
(UNFCCC 1992, article 4.1(a)(b)).

5) ¥ &4+ GEMET (2020)°]t}.

6) ¥ £X¥& UNFCCC (1997)9] Article 30]c}.

wste gsely] A% 2AS ESie

SR el i e e
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Table 1. Six major negative emission technologies
for CDR approaches

Nature-technology .
Natural Technological

combined

- Afforestation and - Direct air carbon

reforestation (AR)

- Bioenergy with
carbon capture and
storage (BECCS)

capture and storage
(DACCS)
- Soil carbon

. - Enhanced weathering
sequestration

- Ocean alkalinity

Source: Arranged by authors based on Figure 7.1 of UNEP (2017)
and IPCC (2018)

o]#jgt CDR ol HAEEME &
(negative emission technology)o] &&=, i) 28 L
A Z= (AR, afforestation and reforestation), ii) E9F B4
AT (soil carbon sequestration), iii) H}O] QO A] EtAL
- AZHBECCS, Bioenergy with carbon capture and
storage), iv) 2 7|HAER-AZHDACCS), v) FaHH
SSHenhanced weathering), vi) ¥ LZ I} (ocean
alkalinization)°]THIPCC, 2018, Sec. 4.3.7). IPCC 1.5T
S8ETHY A%, o % theol Al /A &4l 248
SEEIL ATHIPCC, 2018, p. 42). AA= A=A 7|6t
CDR HH FolA 28 2 HRHARLE, 4&9] A
= Tl AdHow 7] 9 olkElRtAE F4ot=
7]&olt). ol A8 TedsTt B w0,
tHE CDR 4 tfH] H]-&o] AA T4 Aol Jlon,
FT olaEEe AT &2 ThsAdol E4skH, 41489
oA o]itsleta A} AFF QEE Afo]o ofsf
o] WAL 7t Sl AL Foj8low HRIth
gk CDR HZH FolA4l DACCSOItt. o] =

HEHol=

0 of mid
5 i o A
Nz rE
ih

Nk

o Odz 7] F9] olitettaE A 235t A2}
= 7le8 2 g2 7dE 2o 3= 7% 7|8t CDR

Hdodolth. Iy diz]e] olibetgtas sE7F oF
0.04%= 53] 27| mizo] o|E AEsta] 2Hsk= Hlof
= ouAe} Blgo] @o] E1, oF4 7]& ATl FEI]
o]ZojA] x| ok Ho] Ao g0z AEHT}: AAE
AEiAl 719 8L 7] 7IRke] 8% CDR HHRl vole
o =] etAZA-HAZBECCS) 7]&o|t}. o] tj7] &9

=]
olAEIAS ARE B3 FHOLL o] AR Bef vt

7) ZRE oA E
A

]-2-(CCU, carbon capture and utilization)©]t}.
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AR EE shoba AEebs whEe B -
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d

sto] AAH AR e AELE E8she 71ec] "Ha

22

olooUXE PArBhu, AL Fo] FUE oliisfeii
£ CCs 71%® ¥35) Zelshe 710l BECCSE
7] 39 ol BEAE AASAA B AL A
% Stk el 9lof 1 BEEst e Ao=
Ack. Jeft §% FLUAUE BECCSY AU T
2 SIAE A 71 A2Ee] FohRLQ Tk 2
P54 9 A kmstel olslgE, sl Ju el
FohR91el AFo] REsrhe Hol BF 3% Bast
QITHUNEP, 2017, Ch. 7; IPCC, 2018, p. 42).

et

2.2 XM 7|EtA R ELHEH(DACCS) 7|&

5 =EoAE FAARETE 20509 £RHES 2S5t
7| 94 Bedolen BE s1% sl CDR 2o
&5} A}; SHHIPCC, 2018; 1IEA, 2021). 18]3l o] H
H S04 DACCS 7|&o] F&staAk gt DACCS 7]
%S olgalr] YalAs CCS 71&0] i3t olse} vl wr}
ZQsith. CCSe olAkstetAh R 7|ed A% 7|&o]
F A 7ol S AR AN H AN AEY E2
2 Yo =HE WiEE= 7 (flue gas)o| Al o4t
ShAE Zoks ©ARY 7| 7Igketar it o]
ZHE olAEHAE A4S ¥ F5t AF Ee Y
A ofutEol FA-Astr BYEHPS= 7ledt AA
E uj, o] CCS 7]&o]2tal SHH(Oh et al., 2019, p.10).7
wEhA], CCS 7|&2 247IA9 54 HiE HHolA9
A HiEFS AFH7] Holl, CCSE &8t A=
82 ujE AZ(emission reduction)of &7ttt HHH,
DACCS+= HiE 4 §lo] 7] ol 2A45t= 247tA
£ 24 9 AFst= 7Iecl B A5FFolA EAH A
A(removal)o]™, IPCC FoA T=9FH= HFPOZ=
CDR ol

qHH, A8H= Ve
HOo2RY ZFsH=
o =3 Fiof gt
A A 2y 7)<, iii)
L LAY L o ) M

e} FLEEE=HE CCS 7]

e

ojN T
o>,
lo
fu
i ™
o v b rlr w2 o r2 i

239 EQYole 7)&olt) Bheog, dh A XY 7]
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SR A A Bag AAN dm AAE Adstel
AATHIOIA olikshetac] WS YHAOR Aeshs
7140lt}. BHERE eab A 71&R, o)k SHUR
2 AT o] Ayt B/ A £ AT EYstol
Aasts /MO, o] A9 AaTHYoIA o|ssheiaet

= ol99 g e A4S AdderA e 34
glo] olistEas ZIY 4 U= 7IE°lHHKCRC,
nd). W2hA o] Al 7HA] Y Ve F, E}Jﬁi %‘%94 7]
A & olitslgatt A¥ste] ZYsh= 7|e2 AL &
Z3" 7]eolH, DACCS 7|&9] 23 F& ‘5‘./\] 0431 7]
A7F Ao A= EH71E—rE1 ojitetetAE A ZFTITt
L AHoA CCS9 I T nq 7|&} 7|&7 Ao

EA%h &, AR A ARG Aldo] H8Ed
CCS 7]& ¥ DACCS 7]&3 2142l v|i7} 7Fs?t 7]
=2 da ¥ 23 7l&oly, olHE EA4E 1dd &
ERolA= AR AR 9 AF] Al H8E A
T 2 7]&S "4 duk CCS’ 71&E I E 5f
k.

o&# DACCS 7|&3} g8t CCS 7|&9 ‘23 B&
23 ol 47 719 viEolghe Zpol7t At
HHH DACCS 7]&3 gyt CCS 7]&9] ‘A% 2
AAF ZHS. 7]&S T3t} o] T 7|&9] MAFo
Zpo)7F Ao QlthE AS AlARRIT o]t £4
918 DACCS 7|49 Z7 REuS LESle] DAC 7]
olg} A3/|= ks Y IPCCIAAME A=At
AA 71e2AY qTE Fx5H] fldl gl 2

21 o

27 9lujsl= DAC T4l DACCSEH= 3 B3|
o7 ARSI gloH, o= t7] F9 2AVIAE T
5] ZHSH= HolA IAA = QF HH, FFEA] ZFA%;
59 WS &l AR 7HA] o] FojHof RATIATE &
As] AAE & W7l WEelth & =woli= olzh
IPCCO] FEHS w2t DACCSEH= A= 2 At
=, @0 2y FEo] st 11§44 v =9
o= DACT= 8ol& HEZH 08 ARSI S SHAlth

DACCS 7]&2 A AAdoz g vbd 4 B 52

Hol1 It} o]Fgt DACCSY] A Z35F 34 712= A Al
AFOZ 203087k FAE Aoz Holy, I Fg4o]

) ol

9) 29129 Zerolda(h o] the
o2 i Q= sht BIY 4§
g0l 29 3ol et

2Adolet 1] oleitt.

10) DACCS 714 HHH 0= el R&DE WRsHgon}, oj4ksheta

207 A& A= Qlth(Lee et al., 2014).

S|zt R&D FM ety o1 79

A& F24EM 2030 o] Fos F&5ER HaFEo] 82
AO2 oVFETHIEA, 2021). FA DACCS 7]&of Hiet A

29] SIS A (AD(Climeworks), 759 SRHXEA
El(AD(Global Thermostat), & Al 79 FI7t 714 54
O % Zs] o|FofX|L glom, o] F AL I
LA (b= 20219 94 ofolSHEO A thet i 48 4
= AT ®3E, B @ =3 240 Slo] CDR
Ao F27d0] ZxE Wk DACCS 7|0l Higt
=7 A2 HE JA| o|FoA 1L Ut °‘f—'ﬂi F=ol
A 2018d0] 2050 ©AaFY ATS SHokH A5
Zrol o] distol DACCS 72 &89 # U= AF
stlom, E35] AFEMCT A= DACCSE B3 thef
3 CDR @ Hol A AAA 5% 2 AFSWEA 9
g8 7MsAS BA5|E SFYETHRS and RAE, 2018;
Haszeldine et al., 2019).
FEURtol A= iE At 7] 8RN oy et =7 A
oA Fr=olitsttAZ U A | AT E S SHL
2 gdl CCS 7]&2 AFsigt o, 31212 DACCSO|
o 5FS IR mofsta Qllou, DACCS 71&s ¢
Ut =Ql5= Ao tigt R&DE F83] o|F0jA|A]
LUATHKCRC, 2020).10 T2} 2 DACCS 7]&9] 2
8740 dis] U E HESH] AlZsiloH,
2050 FaFH AU 2FEQo] o] et Algto] BHgH
Aot e 20309 5724 7]10{(NDC, nationally
determined contributions) 419 2A7}A ZF=EHE 2018
| el 40% 5, 20509 @S HS BA5HaLA ob,
o|& ¢olo] HAXE ‘-%—%‘Xiﬂ'(CCUS carbon capture,
utilization and storage) 52 E3%t 7= =23} gEo At
g 9 g A 719 CDR Y9 8513, DAC
71& JA] R ARESHTRE A2 AIRTHCNC, 2021).
a8y & Ay o] dEk CCS 71+ &8 4t ¢
SF Fdoll et W82 Hlw A AAISHA A= o] QL
£ ¥4, DAC 7]l distoi= A2 Aol AlYA]
A STk ol =7 AE &5 [ HiET AlA
@O & DAC 7|&S &8 a4o] 33S A=
Sk, DACO] 7]5HeE DACCS % A7 |ghAa -8

2@ 2050 B®AZY AU oo AE st Q= Pgsolt.
7]%1~E AT A Oﬂ*i DACCS 24 S Adstal

s, B olABAS Bols 5
ZeYA2(PY ololEAE By AL 4§ WG BAoR 4

EZXA| R&DOJA 7iEst ZHAE d7] F9 ojilsletsh £
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(DACCU, direct air carbon capture and utilization) 7]<°]|
gt FA1A AEZA o]Fo|A A& gk Aol dde=w
AlgEch 28y, F2 IPCCY 15T EEHIAA 1.5T
2= 53 24o] lo] CDR HFHo| Aol Wi 52
o Ao FATHL, 9] 7| of-g AHoA o
Fet CDR WO H|Fo] AF Zog HRITKIPCC,
2018, p. 14). StA] AgH v} o] QoA T |AE
°] DACCS 7l&& 45 % A8t L, =7} Akl
Al A Pst7] Rt Aless skl ke e 1HT
T, DACCS 7] gt S-2u=te] o3 gl tigt <
T2 AES Zavt Sl

3. 71 22 2

A
DACCS 7l g0l S

5% 71%0] 4 AT ALAZ D =9
F2 1S Ve B4 7184, AN

A= FF= Aol 245k SEJFB7IIA R o] Al
E4= T8Hor Ak ATKEIASS, 2019). 74,
BAVY, B89 Al FEoE AESste] EASh= WU
S thorst A A7 £ASkcK(Interagency, 2010; Gim
et al. 2013). SejUiehEEt ofUje A AAH o %]
AA] 2 A7 Ak S Slo E8E= AR BA A
3]-71% EXA(PEST, Political, Economic, Sociological,
Technological)o A &= o] Al 94E FQq3t E4tjido] |
THCIPD, 2020). WA, & =wollA st =
DACCS 7]& E4do] digt 71&9] AFoME 71e4d, 3
A, 3789 Al FEo = AlEste] Festarat gttt 7]

4

1) ohale FmUoKNH)SH e AAFRY BEo, FuLolld it oSl F4 YAt BE H87)2 AgH SRl
R4} off] 8900 %8 B9 olUBELAS} ofel Alole] S5 Aol AA olh] W]tk £R| ofwlo] 44
AAZ &85 Qo 7 EHQ ofnl 7|8e] 4] EFA = H-ofsh2ol(MEA, monoethanolamine)S =0 20 ~ 30 wt% =

HAIZ] 480l H(Bui, 2018).
12

~

2 =Ustala ke 71ed g4 Al adold, =Y
7P EHGTE 29, 7€ =Y Aol 89 Sl Wit
HEZL 2ok E9 7leio] ol stHzte 1
719 A B R ARIA 84d0] FEEF o
of gttt 7]=e] FAI/do] gHEofof RIZE ol E FI=s)
of AT 7l Egol] 7FestH, o] 7leol 84 H ALY
of nAlE ol flojor A&7ksstr] HzolH.

=

3.1 7184

o] g4ste] DACY Zl&Adol oisi HAmEIA St
DACY| 7|&/4dE& 3A Y 74 SS9l i) YA, i) &
7, iii) olUA] 44|, iv) AFAHA R FREAY o]F 7
7] AW EHE, AR DACCSY ZHA O] gt dtolc).
AHF CCS 7|&2 AR ARE H AFY] Ao g5tod
FFEZIN R HTo] HA] ¥ FF, & LA
(closed-system)Z >FHt. olo ZA7} Hal4o] 9lch
= 930l AR =Y 880l £2 ofvl(amine) 5§
= ZHAE AT 4 QUthiD ¥H, DACCSS] 3%

719t A HSshe 5448 S A (open system)Z Y
g, ofyl 589 oAl UAS ST 4 oA
7] ] S e olsheke B 0.04%)0] KTt
EQA] @ 127t sl £ wrkadl ojust
94 oo mYo] FFL AL 2% BeBo| EA}
U 7] Bl oleldt #4Eol A EAsh Stk
M TsjoRt AgoIT @A) DACCSO] A8 9l %
A 2= 54 v AF Fd7] +89ol, 2] A
9] AL & A A|(adsorbent)”} ) TH Gambhir and Tavoni,
201912 4] Aujo]A B GEHQ 7] 58

R

o

o o

A7 (strong base)@ Eof| &2 wf LA o]57t Hol A4S} o] &2(0H)E WESHE BHE, FH7|(weak base)el TiH|E&=

Ndolth. BE 47 S4(1F)0ld 228 EFH02%)9 FAsEC] 4972 2R, dEHd Fd7I2E o 8%l A i)
A8} &E(NaOH), i) AT ZERF(KOH), iii) 448} 2] (LiOH), iv) A3} ZB|&E(RbOH), v) $4t8} Al&(CsOH), vi) AR}
24 (Ca(OH)y), vii) 48} ¥HE(Ba(OH)y), viil) AR AEZH(Sr(OH)). ©|2%t FE7] +8942 olitgfets: 3o ARGt o]

I, o y& rlr
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F4: A @bsorbent) -2 B3R (solven)®] AFOZ oAISEAS o] BAA olLBT F SHotd AYOR olBEAS A
F480T. whe, EER|(adsorbent, sorbentys OATHERAS HlLA oFg B¢l APoR T F4AL AU Seba Wy
A3 o] AWAOE W9 L oldieis EUFS HolAw @e ouxsl Wastch vz FAAL Bed Agosw

WA AL ouixe} 7t PO oA S AEF 4 A Eiko] tha Fojck
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dont 23R Aut], A5 ABNOH), 4t
3} ZEFEF(KOH)S S48 AF50] o] Fo]HthGambhir
and Tavoni, 2019; de Jonge et al., 2019). o]JAtslgtA7}
=0 A =9 o] 23t S B3l AHdE WA He=d,
olE A7 EHA} TS ’\]711_ Zo] kAl
23 dejolth13) A4 el &8E= FHA= oF
“d(porous) A XA o] ite}etA /ﬂ‘?é‘ Yol 5T &
42 P (mpregnation)stol W57 i, thg 4 el
S ojlsiebast BET S Sl HHHo| Yol A
o= oliglEtAE SRS 4 Qlth(Lee et al., 2014;
Gambhir and Tavoni, 2019). o], X X|H|of| o]Ats}etA
24 76 Fosty] Sl B ofulE "Alsk=H, &
Al IR 0] 7§ ofnlo] ‘HA AEo] 8N FHo|Ew
ofdlo] F&d Al A7} TS, A4 -9 B ot
glo] Ao FA = o] eHYARl ‘a1 FejE EA st
7] gzo] ofdlo] 958 &4 7HsAol Wol DACCS
‘0= &8o| 7Fsd 4= Utk o=t F3HAl= 7 A
& 2ol FH}sto] TEA EHEE, g CCS 7]
PEEE FHAL W7tL B e Bzl WSelA o
O A °F 12~ 14% 59| olitstetd Y of 2|2 5tE
U, DACCS 7|€9] &85E SZAAE 0.04% 529
ojAteteta o] A 3}E ojof gitt. tf#2]Ql DACCS
FE&AA 5 AUt FHEAA YA F(*he A7 54
STAIE, £2929 SEAHAADe = SREAR
28i(Ahe A4 FFAIE ZRAAR AR

EA= DACCSO] et 34 7]sof tigt dAtolt
Usk CCSO) B WIRAS] BB of3tel] Sigk A
7t 8sh, 7] Foll= ol EaEo] Su|Fe] &
Fot7] wj&o] DACCSo|&= o]ggt Mu|7l &¥ a3t}
4l 23 oA FHS FAAA F7] 3t $F 4

2
]IlO[l

0]

P

W

it

13) ojalstet4rt Bofl mof FAHE hAle]l2(CosM)o] &

et iE}H(KzCos)ﬂr e RS o1Fe ALS EEshe

}. ¥kS-4]: CO>
14) DACCS 7]&o]A ot
2 F3o] 7A-AA- A £o2
&4 ZPA NI o F& HP4el Y Wit

15) Z907] S-golo] ojtsieiast BolElE BAE WAL Fopwrge] AnBEA Ul A F49 A(salyoltt
A Bejas] gelAE © Be ofux7h Eelslofobet Stk DACCSE HIEste] CCSOAE: olAlsieias
st AFolut AEo] ALstn ZAAL ALEE A S A

4ol BAASE o]

EYS EAAZRE oA o|uBheiAS Helsio] o] sheis
A7 SEE, DACCS %4 Avlolie SgAel Baielel Pl olusiekast EURY) tEo] olg Adsle del B

EECEN
16

=

AA=EE 4" 424 ol2(Na', =

3 ot & zs}t&o g 35 4o = Eio}td o3 2
+ 2Na' — Na,CO; 3 CO;* + 2K" — K,CO;s

7Iik ZHAES AHgShE §F He olf=

SH717F doe de 19

S2|Lit R&D M WEKY o7 81

H

—

7 dasith B3 4 AH|o] AL, ZHAZ AR
37 &Ho] ol AT W2 AURE FQ
171 W20 ®BES oUAE ZHF7] fIgt duprt &
7tE G 85kl O]Eﬁi 4 Ael 34 #AE Hﬂo}
7] {18l Ayt 7RI =
Al GARE Yol o] 4
(Sanz-Pérez et al., 2016; Gambhir and Tavom, 2019; de
Jonge et al., 2019).16) 1A= % A (precipitation) .2,
FEolA FHE TSR] FARPEE(Ca(OH))= &
7¥sto] A7l 88 A HAEE(CaCOs)E B4
(TE WHA71aL, AdE Fa7] +E8HS
O] ZA|AH AAFESI}E 2@ A= SFA(calcination)Z, THAF
Z5S oAA AABTo(oxy-fired combustion) Ak
(Ca0) % olitstetag B(FE A)eth 384 = &
Shslaking) &, ol= AtSpdwo] &5 H7iste Akekd
#= BAHEE A7, FAE Ze2 JA7|E o]
SAIA AR ST, A4 dRY] AL 34 A=
] Zhastd], 34 GEHE5SZH(PSA, pressure-swing
adsorption)} 2LEWEZZKTSA, temperature-swing
adsorption) 0.2 TEFTHBui, 2018; Gambhir and
Tavoni, 2019). Y52 T4 A2 Hold F&
Alof| o]itstetart AjtE|o] o] o]FojR| 1L, ThA] SF
= W5 o Aart YA ERE R == WA
o, 2L¥EFa2 2LoA oliteteArt F2F
X

auﬁ i)

il Flr
ol

]Ilolr

&
_“%’_ E}-OE

[OJN= Ram Rnw 7<1__

o] Aol Lo o] Rojx 1, L&} LolA W ol 4t
Gta7t YA ZRE 2 H e FAolth JEy o] &
3} 4K F Al st A sof s 2L of
o, A= AQAL] ZEJH AR} v FEEHA
BAEIAPHE o] F vrAlS s3)sle] 8519 tHGlobal
Thermostat, n.d.; Deutz and Bardow, 2021).

ﬂéa_&

o~

b C odo

oto] rslo] HFoA $3L w1 S ke el Ao
o, eHgEl 1A AR ofle B8 A

rlo
N
P
1o
g
EI
i
II.

. StHoz ok

A7}

£ A GAY 3PS ot WA OR RS thaat ZHEYAL SASHARNOH)OE 7).

1) %};‘{j N32CO3(ﬂq) + Ca(OH)z(S) - 2NaOH(aq) + CaCOW, AHO =-53 kJ/mol

ii) 8t4: CaCOs — CaOg + COyy, AH® = +179.2 ki/mol
111) ﬁ\_fﬂ' CaO(s) + HzO(]) - Ca(OH)z(;), AHO = -64.5 kJ/l’l’lOl

http://www.ekscc.re.kr



82 S0 &

A DACCS 4] TE A FY=olof sl o]
o} AR D CCS 714 Y 7|%0] H8H 54
A 9 4k AEERE 2] QT AUAE FFT
2 4 oY DACCS 7|42 508 2957
of ol9A] 3gol oJ9# ¥t} DACCS 7|« &8 4
AE A i, 54 H29 Autte] 7HEAA Yo
(AP} 714 A1) Agiae] FeHAYARNITE 11CO,
ZHE Sl 285= FolvAI7F 22} 5.25 GI9F 5.76 G,
A7 A= 2+t 366 kWhet 400 kWh, S413F A4
249] 2.9 iAo Aol 24| WSkchMcQueen c
al., 2021). 4l BR3FF FoA 9] “F& o] 2|7k U3
Lo, &4 A 90009 Teo] WR M, A4 A
Hl= 80~120T 9] @2 F49] FoHAIZ F5 7Fsdt
et 2, A4S AR S 2 A A4 Hde
g-gsto] o|A FHol 7t o, 54 dHl= He
2 FY57] oleig) WA 27149 g waw o9
CHMcQueen et al., 2021). T2}A A4l AH|E A0z
FESH] o] A AlHoA HiEEE HIES AEE
o glonzE AAHoZ & FF] Yol FHA
2 AMg 9 AR A3 Qe QA7 felske e,
e e FFW] A9 AAT A slde
SfsEofof st ZRAYH MdH|} A AAstal B3 H
A7IA 74A o] @2 A Qo] HA|5t= A& L sfjof Tttt
(Keith et al., 2018; Azarabadi and Lackner, 2020). Z7]9]
HA9] B SHolE A 0 SN BE A
oliz|9] Y-S &-8st7] sl A A Ed A
uloh QIAshe] QXS Aol feld 4 AckBreyer o
al., 2019).

UAl= DACCSE &3l AIASH olitstetao] tisf =
Aetargo] AR RS 5 QAo gt
QAFolt. L4474 WiE Azio] BHl Uk CCS 7%
AAl Hi7194, A Soll tigt = s A=A

oN M n

o] et Aol ool gl B, AAZ F2<l
DACCS= 59| o] di7]o]7] fiio 2AA4AE &
Ast7] oj#l 9 =7t 247k Qe 9 HEAH 4y

of g 2748l Aet ole] g FAHA Tt 8

- Q2

75)7] v o}y FAH FHH =ol7} 0|0}z
QI TH(Park et al., 2020).

3.2 ANA

DACCS 7|&9] Aol tgt A= IA i) = H
&, i) A=A A4, i) T4 AF, o] Al 7FA] SHA A
o|Folxu}, oo tjs| zt7] AmEIA} Jrh AA=
DACCSY] ol4isleta x3] uv|golt} oJ4itsterh ZY
71€9] AAYE Brkotes dole 11Co 3 =Y v&&
eI = o|AslEtAZ HA7HCOC, cost of CO, capture)
7b F2 ARGEE(IPCC, 2005). EFShH= ol4taterAwy
e Y= JSHEoE ALE=T, Iyt CCS9 o4t
shetaxy Yrte 2o FA 9 BARIHE 1EHFS
] 50 ~ 100 USDACO,0] A 7153t Ao g dEFon
(Azarabadi and Lackner, 2020), 8]7}A9] o]Alstet4 H]
£ weh, 32 AHE 7ol wet o W2 H][§o= o]4it
ShetAE 2 7Hsottte A+23E H1EI 9tkBui
et al,, 2018). 3tH, DACCS 71&9] A, &4] WAl &
A QWS Q8 S}A(calcination) TFL AHof 51,
o|& Qs At 71E E Yzt Aurt ZHolzt 1
H|-go| AARt FH2o] AA 27t A I FE o4
o] x3 Mdu|E Ztertd =Y B8-S AYs] ¥E S+ A
th(McQueen et al., 2021). Zjutcte] 7HEA XY ol (AP
L AZ AYGS 59 AZAF | MICO,Fo 2 11129 7
Al DA Al 94 ~232 USDACO,2] o|4tsletAxZ Y7tE
o] 7F53hS B th(Keith et al., 2018). BFd, A4 ¥}

o] Al &Aoo tfh§T 4= Ith(McQueen et al,
2021). AA A4 SEAYA(AHS DACCS AH|=
et FRT A%E 50tCO9 HAAFEE 7HAH o 7|9
ARE A5 Yot FEE XS = UTH(Ibid). ©]F
St 9y 1870 A3t AXZFF 900 tCO,Q1 AHj= Al
SAES X3t A3, oAt A R U7k= 500 ~ 600
USD/ACO,2 TZ=E A th(Gertner, 2019). 13y HFO]

Zold woj= APgaywz s IFFE 200

17) 744} DACCS A5< I & B AR v=9 SREALLH (D= AAHe] DACCS Y] F-50 283t oA ¢ v o

¢ AEE ISk AA F-

18) CCS 7|&2 TEHA ot FAPNEHAUZNA viE A 522 20119 AFE wokeh. T8y vt A AUEY A
Y 84 old9 adEol AAHAEH, ol i) A F=(host countries)2] F3HE FARSAZC Het =7t WY A 5), o4t
Sfeta A9 & th7 DA (net reversal)oll that olv] AR wH, i) Y 2@ b B7Y iv) A AY 27A0|cKDixon et al. 2013).
ESH CCS 71& 7IHF AEAMGl sl ot QlFHh2 HojAagiel W HUEY ®HEo] HATH A o|tH(UNFCCC, 2020).
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USD/tCO, ZEE X ZFo] 7}58 Ao = 7|5t ot
(Fuss et al., 2018). A 2]3}xH, DACCSS] o]AtstetA
T3 ¥47F= 9F 100 ~ 200 USD/tCO,=Z, 4HF CCS tjH]
oF % o] Yot v go] 28570 o YIske
A= AR A G AET 27HE Aol
oleigt EL CDR P cheyet g5
J_ébJr A o]FolAoF It 1 olf+=, DACCSSH
BECCS & %3 €97} A= DACCS7} BECCSETH H =
ARt 285 Ao I Y7HLCOE, levelized
cost of electricity)7}A] 1185} DACCS7} BECCSXth
o FAAY 4 eBR, 7]& 7|4 CDRE HIEA] =9
o} b DACCS7F BECCSHT 73A2Q1 Agz]| 7}
g £ s A+ d9= Q17| wEoltk(Lehtveer and
Emanuelsson, 2021).

=Ae 8 A e

L4>

{15t A=A 2o W i
golch. 94 AFE HIYF Zo], DACCS 7|&2 gyt
CCsol vlsf 25 77t &7 v A= BATh wehA, v
€& DACCS 7% A& ¥ 4to] tiE 2l Aofaclo]
U, AlA 7124 DACCSS F87d0] AR 7|9
ojZgt Hl-E FHY HojaddE FET & U= A=H
A Qo] g Q3= F4o] Qlti(Kwon and Shinn, 2018).
¥k CCS9| gHibs oA A2 2 ¥o] Ha /o] o]

FE 0] =oHo] gom, o|F 9% B AR
= B, SRl et Al FA, wiEd A=A, CCS
o733t A, wiEs-871E Al 5ol AH(Global CCS
Institute, 2019). © ¥ ZI /e 1HIS o
DACCS 71&€9] gits flsiA= ol8et Ale? A9
o] HL Fastthal & & JloH, 53] AY g4
A= &8 7%, DACCS7t AAYL 2371 fIsiA
£ ol4keler4:9] 712 o] DACCS?| o]itatetaz s A7t
aFgtAlo] sisls 100 USDACO, oJ4o & Arsdt Wg
7} Atk (Breyer et al., 2019; NASEM, 2019; Azarabadi
and Lackner, 2020).

H]ZZH‘— lﬂ—/\/\]ﬂ-o]l:]- z3
| & Sl APl gk aRlo] QL
CCSOﬂ’ﬂ ojn] =9 Ao, ©

< ti7lolA 2st= 7§—r°ﬂ L
49] &(yield)o] Rot 1 -E&A7F B AMAA 4 3
o} AEAA9] ALox HAESH AAAE Zlojof =
TA7F leH, ZHE ©AE A ow &8st A
JA| =2 7H S22 Aofaclo] EAstr]of Al A
ok 87} 3, ol A¥sh] fs 2HE ¥4 &

H] I oi®] o] itetet

R2|LiZt R&D M ey G 83

28 ArFHoZ A ot= 59 AHA XY A T
HAEZojof stth= FAo|th(Meckling and Biber, 2021).

3.3

riot

7Y
uRAuRO 2, DACCS 7149 B34
St i =4 olgolete % 4 Aued
o} A, DACCS 4] AH]|9] 3¢ ALY
927k £Apskd), ol DACCS &4 4
At CCs F4) vl RAAE B A7IHE S
doltt. £4 T 71&e §AAY IF 2 AN
(make-up) IFONH B Bo| Amdeh By 3 75
oA 54 ZAAY Bo] FIHIE e, HY

Rl

[l

Z:

flo
N
P
te o
(o

o

e b

ook 30 g

=2
T o

=

(s
[e)

)

AE SAstel thakel Wakvt Wash] o]tk of

£ A4 3Hole APEA e, A4 FHAS A48

1ol 4571 o] Sigo] gosl, FEo] Waw £

£ 94 &4 EYBG 95 W] o] Yzso] o

3 9% gAY ARHAolth wekA £4 3O 47
o

A 4T AY Yoro® A4 FHS B8 4 9
vt CCSAAE wizkaol AR EAGH: okha
(45) 53 T BRol A SAA) A §

1 '"ﬂrﬂ} A=t *X} 1 o] =&
2 /\}R gAY Al CC 71e= =5k A=
e T 2y 7l thAl s4ba A4 V)eo] R &8
‘,{i\:‘r(Global CCS Institute, 2015). 184 7] &&=
A4 F&o| o7t He E&Ee] mv|sh] dEol,
DACCS 7149] 4% 2219 £4 ZHolH 2ojd &
4 BRRTHE A4 $70] e AYIGL B 4 Yok
Q5|8 7] F9 $3717t olitaletaet 3HA F3E 7]
oo Adu] 5o 283 EEY ¢f B2 £ #AE
2 dE& F At A+ 2= 24 ¢ch(Fasihi et al,
2019).

E4, AH] +5& 5t EX] HA(land footprint)o]] I
gt dFtoltt. DACCSE THE 7]€% CDR HIH<l
BECCSS} H| w3 o Q5 EX] HZo] m| 22
olct. S5 94 Q1 P2 DACCS Al 752 99
2ot o g FE5] ) Ao A Au] @ T
2 Adujet yaPsto] X5k Zlo] "asith AuA
S5l et 18 glo] DACCS AHo] a3t EX] W3
ok AL EE F419 A9 AxZFF 11COo, T <F 0.05
~0.1m’, 74419 B oF 1L5m’E W A2 WA g

73011/\1 QH"“‘

http://www.ekscc.re.kr



84 S0

?LQX]U} DACCS 5ol Zagt Aol HH|Ql =
oF7 To e b Au|el a7 A3 A WAL o
L 3A Z718 4 AtH(Realmonte et al., 2019).

2 o gy

3.4 AF

nA
HI
uim

DACCS 7]& =9 4| a={3fof sk= 8458 71e/4-7
A2 SHolM A Hokal, oS A5t <Table
2>9} 2t} & =EoAE DACCS 7|& =9 Al 2 sfoF
e 5= ‘7%“’011 24E 9L ol sigshe i)
E-A, i) 2 £, i) 28 A, iv) TEAH A7l

7|Rkste] HAy —rﬂUrEH 71& R&D A+ HFe] 28

S ZAog %]:—r DACCS 7]5_4 R&D A H]—ﬁbﬂoﬂ 1:]]6]]

1 Fl'a}’éﬂ BAA} ey Z4zre] 24 o] Histol o2t
< A AES 94 245 FYsH:

a) FEUE7E @A ERsiAY Aokl e Ve F

DACCS®} 28hd = Sle 7leol A=7P

- Q2

b) DACCS 7|&3 33tE= 7|& 24 ofFo] gt

R&D WP FAJ7F?

b-1) DACCSQ} 38E = Se 71so] UL A,
= 7]14S Hlgtoz DACCSO| i3t R&DE
°J§P6}7ﬂ FAE 5

b-2) DACCSe 33Hd 4= Q= 7leo] ‘gl Al
DACCSE 93l ol 712 7ids}r] golgtr}?

¢) DACCS 7]<%of thgt R&D 32 AL Fojojm,
o|g A Ust7| Y3t B9 WL o] BA Herp
AN Bk, & =704 DACCS 71&9] &
] FEQl DAC 7|&° 28 Fu& gtk 1 olf=
DACCS 7]&3} Uyt CCS 71&9] g4 Apdd2 23" 7
14017 37]o] o]0zl oo AAEE AR HAgo] T
H 7le2 %%}71 o]t} ol 540 = sy o

H AT E AP Ao A E DACCS 71€9] 71&3-FAS:
3440 “418& AT Al vhA 2o JFoka

Table 2. Factors that determine the deployment of DACCS technologies

Factors Liquid solvent process

Solid sorbent process

References

Technological

- Strong base solutions
(NaOH, KOH, etc.)

- Capture Materials

- Capture Process

- Thermal energy of 5.25 GJ/tCO,
at 900TC
- Electrical energy of 366 kWh/tCO,

- Required Energy

- Carbon credits

- Amine-impregnated adsorbents

- Cyclical process around absorber and stripper

- Thermal energy of 5.76 GJ/tCO,

- Hard to be measured due to the lack of an acceptable methodology

McQueen et al., 2021

- Pressure or temperature swing process McQueen et al., 2021

(PSA or TSA)

McQueen et al., 2021;

at 80 ~120T Azarabadi and Lackner,

- Electrical energy of 400 kWh/tCO, 2020

Park et al., 2020

Economic

- Cost of capture

effects of economies of scale

- Policy support

- 94 ~232 USD/tCO; for a large facility with the - Around 200 USD/tCO, with better

McQueen et al., 2021

modularity

- Required to justify the high cost of capture, such as carbon tax, tax credits, emission Global CCS Institute, 2019

trading systems, CCS obligation and emissions performance standard

- CO, market - Needs to be expanded to effectively store or utilize the captured carbon Meckling and Biber, 2021
Environmental
- Water loss - Needs to be considered; substantial amount of - Not an issue; the process may even Fasihi et al., 2019

water is consumed

- Land footprint - 0.05 ~ 0.1 m/tCOy/yr

- Around 1.5 m*tCO,/yr

produce water from the atmosphere

Realmonte et al., 2019

Source: Arranged by the authors.
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4.

HI

M: 2|L}2te] DAC 7|2 ZH|E

$2ueh= DAC 7142 JFH 02 tF= R&D AMY
L AA7IA] M T3 Ao, DAC 7«3 S8 4 Q=
N 7)&o tigt A= EAscE obA A Ql’t DACCS
71€9] 71ed 84 Y 719 tisto], ZFzke] g aof High
SEyEte] 71& B %S AFHE I DAC 7]&9] R&D
H

7Fs/de A5t F% AR IS AWET
4.1 ZEH

DAC 7]&2 3 Heo] ExE°l A9 gle W7zt
= A, 719 A3 JE5che €HARE 20| o]FolX
b= Jog s 2YAY += 7HeA, 548 2 FAA
< 15t 2HYAE A7gsHoF gt

WA FA T Z AT EH, ek CCS H4] 239 718
HEAQ Al & 4= = ol EAE vt 9
Al Bt CCSofA] EEs] &-8stal Qltt. utollA i
g 7EAQ] 54 YA Z= HEH o= F 77} Qlek |
A AYTA HEATEo] ofgl 7|Hke] FE(KoSoly&
sttt Z&2 F SR offlE E9dsto] vk 54 &2
ZAAZ(. Lee et al., 2016), FAZZAL AGATLYL o]=
2o e HEgddEso] Ausledbd Ao
Sl 2F 200 tCOE EHT 4= Sl 10 MW AH[E A
AJsto] ey AS AlAS oA oE gt 3 2021 6
of & & AlASHA = JATHKwon, 2021). tha o= JF
FoAUA|71&ATH2 7]o&(KIERSOL)o|&t ZYAIE 7iE
SH=H, o] Al 2 1 5 AHtol 7Izk 7] SKH
HYIRAHE 7&old dE AEsH|= sHthKang,
2021). 7]01&9] A¢ Z&ENE 2 Sl ZEEHK,CO)=
FEAR Z8ole= F4 FFAolY, vk EXAIR o4 5]
ofglE g5kl Stk oY Ul EA BEf F<l
4 ZHUAEE olE ARESIAL Qlon ofgle St
FA14do] Zst7] wiEe] DAC 7]&oll= A3sHA] Yo

DAC 54| ZFolxl= 7iuete] 720X Y ofg(Ah 2] ARl
oA £ 4= % ofFl Al A7) 8HE ARl Zo] o
HEZQl WO 2 of AX|H(Gambhir and Tavoni, 2019), 0=
op] gll= Y wAHUZo| =710 7]&9] ofyl 7[5t
ZHA 71e9] 82 AR FHof gk 1=y ofjl of
Al S85k= FH7] 802 v 7124 Skt B4R 4
AFstA AxT 4= 3L, 4-F7] F2RESolek s Ot ||
AUEE ZRR= HollA] 71 7ide] Aofjggle] 27|

0|

ke A 0% AlRE: 77| 4898 gt 1Y HAYS
Ak cCso] 2 710l BEEA] elgked, ol

‘el gehilskEo] mie- Qg Ao} o|2HE olilSktAE £
gsfitio] ZYAE AAgol= ol oflS LS wiHTt o
e o7} 87| wjRolck. 12} DAC 4] YA
ob7lS 83t 5 gl SAoINE 7ed7] Sglo] Hash
o7 gke: teto] Hrk. @A) LElukeks DAC 714 Wk
T P Y= eyt Lut CCS Lo 7= ofyl 8
ojo] &g Zol B F7] i) 79| 84S CCSE
o g3k Ao tiet ATE Bh 9] ek Uuk CCso)
DelARAS) EAOR A8 P53t oful 589l9] Fgo] £
OFA] o]F ARSI H, 71&0] QlolA FH7] S8HE &E
512 9I9E o] oRd Uk, DAC 7]4-808 7}¢7] 489
of gt A7 s YRS A7} ot AZAT
FHoz A P 714e ST & g Aow Motk
o2, ‘A4 xS AnEY fyetox= g
FALTA ALATUT FoUR 7| & ATYHol B
0 BRAF LEHE(K,C0,) S B-E5t0] KEPCO2P2Es o]
B9l Qut CCs§ A4 BYAS AL, AL
A s EEo] Austeubd Ao 10 MWl A

Mo

4 dulE dAste] dig A5 APt ArkUang et

=
Syl AE 4] 7]
== oyl 4l eRES ZHAR &8st o &
A HAYEL ofvly} mR7HA = 3}t o2 ofikolet
AL EZX5HE S<(absorption)o]Th.

HHH, DAC 714] ok = 85 Al S2H(adsorption) 7]&
< Z83It T2 S diH] AHlER= oA ¢ vlgo] War
A 24 HeE A EA¥sHA| ot 2R
(environmental footprint)o] Zth= #7o] QAT Heo et al.,
2018), ojitefeta: ATHgo] ol Folpa(H,S) 9 22 Htdt
EE0] AT Ao s v kol #8517 of2igi7]ol &
HE CCSoxt= B3t 71eS iE A% 9 A4831E sP7] o=
THBui et al., 2018). o]} o] &2 A AAZ3t L2t} dut
CCSOlA] E-8E]= KEPCO2P2E= 714] ZAA Qo B3l
F2HAP7E obd F=pAlelt). 184 DAC 7oA Hi7] 59l
B2 89| Aot Bz EEC] A9 gleu= S 7]
&S Zgal7]of uie- 23eb, DAC 74] 239 tfgals U
383l BT T IARI 2940 SERIYAAD 2 Hl=9]
SEENEAG(AD) B F2AE B8-Skl ltk(Ibid.).19) o]
et S2Al= o KIBIEAE S92 08 R ok= VI, T
FHPA skl Ro] 4] I AF ARIoA okRlEAE
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sisfon 2e| ol 5 Aol Tt 4 G L S0 AR tehnology redess e S5
7142 DAC 4] AHl] 485l WStk B2 A4 98 7 @R %37} glow, ol A% 118 719] TRL 787
HRIEIA 4 2R R 27T GRS A ohiek ORE o] e 1A 1459 3% A $5o] ol ek
Siets 2YE SIg FAY ol AP PR o 9 ARs S BRVIE e S0 kel S

W] UR7K A ARIOZ T Folt o e Amsct 51 Fael Sl 9K R ge T Tek
ABA TR lab-scalo) 25 FIFEIL QIk20) Tk o= T 9k 9lonk DAC 7Hee] Y AlE W AH8HE Sl ol
1 2 COSE A 2 716l T ML DAC R IR S Yo Uk S A1) SeK)
1ol TR BHAS WA St Hle) o] 0.04%9) A AAGhol Adsle] Agste BAAC] A AgE oA
oISl BAH el 2elsiopol ol Begel v 22 w9 Al ARpAle] T Qo] Golst, ol 59

|.n\1

392l RGBT 542 /AT 9k webd o T ko] 3 18- o] ]ofskal QIkDeutz and Bardow, 2021)22) th
F2) 71e0] S| A2 thet, SRLRlIAE DAC 2] 9 SRtRlelach 1 B0 AE stslel Aol 24
Helg R A7 ATk & 4 9k 3 AL o] W] AFgelA] Ful7t BolshA) elek. webA,

S2Uep} DAC 7142 Tofslo] 74 A8 B3 A7 Seluket o] ] B AsE0.04%] olsleke 3] 4
Sp ke, QAHOR ] B0 olikstekk Aol A% WSk sk the o] 7Kst SHAE pUstolok gtk
PSS Astol, BAERl A9 0] B3] Gpet  oleidt 8-S theo] <Tuble 3-3} o] Held 4 gk

o

Table 3. R&D direction for adopting DACCS technologies based on the comparison of the general CCS and
DACCS technologies by ‘Capture Materials’

R&D direction

Categorization General CCS technologies in Korea DACCS technologies* .
for adopting DACCS

Liquid solvent

- Materials - KoSol - KIERSOL - Strong base solutions
(amine-based) (K>CO;-based, - Field-based empirical
amine-catalyzed) research needs to be
- Developer - KETEP Research Institute | - Korea Institute of Energy |- Carbon Engineering (Canada) pursued since the capture
Research materials are easily
- User - Boryeong P.G. Site - SK Materials - same as above accessible.
Division of KOMIPO

Solid sorbent

- Materials - KEPCO2P2 - Solid adsorbent - Current lab-scale
(chemical absorption) (physical adsorption) adsorbent research needs
- Developer - KETEP Research Institute with KIER - Climeworks (Switzerland) to be expanded and to
- Global Thermostat (USA) consider
- User - Hadong Thermal Power Site Division of KOSPO - same as above mass-producibility.

Source: Arranged by authors.

* The contents of this column are based on the literature review in Chapter 3.

19) B4 A 2o E oliEEA} FEHC| HE5E o] FAH0E o]fo|Z|7] o] thg/J(porous) ZX|A(supporter)°] ©]
*]—9,]-51'_/1\_§ AEE 4 UEs 753K functionalization)sto] FHEA] HTh A9IA0] FTJULAAMADE ’\égiﬂ/\(cellulose) ZAAE 7155}
Slo] B2 T83K slon), wiel SRUMR DS A el Mmonolt) AANE S| 530lel A TS ek

20) F ERE CCS 71401 BT FAA opo] ojisieti A8 o BAARE TGO, o) B /16 olIskABT oz
‘:}o F 579 LHEES AE-AASK= Eﬂ Cle 8849 = Sl 7Igot oks f7Istel 2ofe] 4. A=A -7‘—11] % SRR TRRRRE AtaoflA]
9 975 19 ok chk P SR DACCS Zigel FIThE B AR B0l olFolIA 2 9% ol

21) BEROAE FEA olf0] ohfet FEAS| AN oIk ETOAL ATl EATE Y 20 AT Sk, 45
A FJA FE7Hs0H, SEEAS HAFcte BRSS9l Fuiste A Al =49stA Thesitt

22) B A= ?qzﬂlﬂ AR Aol GA=H 71‘6‘3 42 A" A7|A, AXA AA7F 583 Aol ofdz} o] AR A HUst= 7]

Z](impregnation)sl= Zlo] 7|&¥go g ZQ3}c}

ﬂﬂﬂ'
I,

UX‘-
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Agste A3 v2719, 2HAE ol8shke 578 Rl
HE 2jol2 melth. Lalue} ol CCs 7149 &4 4
Pl FHEI AT FHCE olFol4 gtk
Lee et al., 2016). ‘ZEP oA 8j7FA9] o|AStErAS 3}
a0z myshs 9 HAo] dojuel, Aol

graoh AR EYAoIN oh olisieiag Rt

ZYAE B9 Hejz HEelt 59 Fyol Uoly
o2 o 4Y ZYAL E5ET AN Aol S8,
o WoIH AR FAeAL BB AFOE v
A Aol 2AAE BEARA A oleft 22
ool $4) Y Ak, PR AYATANA ELA
g AL, HRANE, EATAL BRFRED,
gRsde] 44 339 ALd ede gdstn Ut

(Yoo, 2010).
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Akl A ojAksterArt BejEwA ZYA 7L A==
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23) g 7L ety whgo] dojd o Fol WASH: PO,
Hhgo] dolg 4= Sirk. witiE ‘Fd g2 §hgo] dojd o &
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EE

5 9

AR

H

e

Aol A5 Bof I 7
o7 Atz
02 74 ¥lo] tiste] AWEH, Suts o
gk CCS 7|&9] 74 34 Ud A5 A7t g
A SRR 2014W0] F3Eo 29 Fof Ut}
T 71&2 =AY Agdydo] 2ZYAE, ol A
7Aool 38 JNEstlen, S Eddo] A
=} F= FISHL AH(Yoo, 2010). LAY & 714
A= PA AFE Bk Zol F&AZE obd 1A
TAE AR ‘2171011 2y 3R H4 Aujet Yo
A ZZA7F g A8E ol WAoo g o]F
o] th(Lee, 2014). Txﬂﬁrﬂ} Aut €S9 &4 L A4
37 Apol9] Aol Sk ZHAZE AA A 7HE
FH Y IAZ HHH %4 n)gk 2pol 7} glrtar &
= St
DAC 7|&9] 714] AHl= F2AE &85V ol &
ST PYG o o]FojX= BT AH] glo] ol
U 258 HIA7|e Ao g: X3 AfAgo] o]F o
Zt}. o] i %@% Hﬂs} 17l 4EHEEE 225
A7 = 2E/ES o] F7o] ZagH],
= O]E_ A]—tg 047(1-_,]
= X%o] [e}} OL]- o]/\]—i} A _I,E?g
ﬂoHE_ 7:1040] J— Al
HIE 1&fstA Hoid, A4 A EM}(—ﬂxﬂ) 7H‘:£E
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Table 4. R&D direction for adopting DACCS technologies based on the comparison of the general CCS and
DACCS technologies by ‘Capture Process’

Categorization | General CCS technologies in Korea DACCS technologies* R&D direction for adopting DACCS

Liquid solvent

- Methods - Cyclical process around an absorber | - Cyclical process around an absorber and a
and a stripper stripper with additional process to lower
. - Large-scale field tests are required
the reaction energy

- Developer - KEPCO E&C, POSCO E&C, - Carbon Engineering (Canada)

KOMIPO, DL E&C

to achieve technology readiness.

Solid sorbent

- Methods - Cyclical process around an absorber | - Pressure or temperature swing process - An appropriate process needs to be
and a stripper (PSA or TSA) designed based on experiences
- Developer - Korea Institute of Energy Research |- Climeworks (Switzerland) with adsorbents in other industrial
- Global Thermostat (USA) areas.

Source: Arranged by authors.

* The contents of this column are based on the literature review in Chapter 3.

43 A2 0jUx] A HseEso] 4 %44 pale] et ccsel AL
AR 22 AUAE 3

ARt CCsef 24 F 5 DAC ARIS G571 A% gy wpgol 2a e o MX]L 2.8 GIACO,0]H, CCS
A A7]ov A2k Fov A7t 25 ]tk AdH|9 Hu] FE 0@ Qla) 7R ko] HFAL a7] 9Jst WAL
T& 4 A& {5l 7] ]‘41]7]' I = olof o, o] L oF 439 AT Aoz EAEQUHIH. Lee et al,
MEFTAS 5 S S ZUAY AE WA JD 9916), ojeiat ARt A5 A% Alleh MR of o
3gol7] o] doluiAt FFEolok 37l WEOIE. 30 uo szom mmAo] oLk Al U My
diZbamRE OMISIRAS EHShs AW CCS NS g wigoz elgh Ameltibid). WHE, At 7zl
B, HiZkA7E ek AR A8 R ALY AR queigape) DAC £4 Avleld BRFE oy
FH CCS AH] 50 a3t A7 A] d oA & 525 GIKCO,0| B Sgubalo] 4] ukalo] Qut CCS 7]

dl

=N =
SHEC 29U+ Ronm, Qi CCS 718 =AU S 5 g of % wjo] oA Waghe & 4 Ak ol
o 285 oUAE FHokes A2 F8 LHAFCl oF g ag U7} TS AL DAC 7]& B3] =g Fof

%
yltt. a#steiEte dek ¢Cs A 5o "Qast o 99 = shtE, 29H% oUAE Y=l Zo] A |
UAFS AFHog 457 b, CCS 7]&°] A& £ FAo] o] £Q3FcH(McQueen et al., 2021). Ut
H oA AR AR B A Al 5&0] CCS Ml 5 » awm CCS.J =7 7]&9] 9lo] AR x0T 9=
o= Wkt fase Ak, &2 CCS A H2 AT jung o 598 Ho|w glow, x4 U T4
< HuE) stHARE AR R A A S WA T mgle =5 49 ouxE 2/ldoz Hgste] XF &
7S EASITHIPCC, 2005, Ch.8). W, UHE CCS 22 o]y 9gt 7| ATI} ALs)A] 0|20l T 9t
315;1(:] /}._,jl:l]ﬂ— %‘Eﬂ DAC /}__,‘_‘H].‘E 7] /\]Hoﬂ HX]'E]'Oq ‘f_r): (JH Lee et al 2016) u;].q/q Tﬂq_g}oﬂ/\-] DAC ,_M M

B Aol ofuiet 5YHon PIHNR £8H= o g wqad olew AT AWS vies 48 oy
AR A £43hs Ao e Sast. A A7 Tefstel $YUA ATE FAF Bast et
‘w4 29| 495 AuET, feute] A=Y DAC &4 AH|9] oyx] F-gol= Hulo] XA

24) A71H A= 24 3] 287 AUA | Ee= AHlE Aofshr] A AfH 5, 28 49 A4F 77U 29 58 AR FE
517 wiZoll "agt oyxojtt. F/HE A=A HuEte] GRt CCs AHlo] A8 FE H7|oUAE ¥l AAE gol DACCS
AHl9] &8 A7 A|eL Hlwsh= Aol 44 oz, F HoAs douAE FHeE YTt gt
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< Y= v|XIth DAC 4] AH|9] A-§- 900T 9] 1129
o7 astr]of o]#gt 129 IS F5T
L5 7HE Au7h @A Q= ofoF gttt oldf, T3t 7t
g AH|7} oty ZiAstE R dejE 283t DA
Aujo] 129 4& FFL F UZ B ofyt A7)0y
A& YAk 5 Qo Tk DAC 54 AHl= 7EAEH
Anle} g Fst= Alo] adFo|th(McQueen et al.,
2021). & 35 &9 Yollk 7AA Auef QIR YA
7b F= o] 7 AuloA EAYSH= HiztAY] &
oA ZrobE 4= Ut Aesle b a wj7kAo ol4k
SheA et oF 12~ 14%E, Suzte] Rk CCs9| &
3 7% GA| o] LY o]ikaleta Yo A 3}E|of
of. I8y o] et AgtelE S ©AaGE AHo wt
1 H]E0] AR A" Ao g Holth ¥hd, 3} H|Fo]
SifE Ao R d&EL LNG 7FAEAL] AL vj7tA9]
o|AlslErA 7} 3~ 10%2, AekslEEbAo] vls) w7}
29] oJAgletA w7l w9 tR(Wang and Song,
2020). wEhA|, LUl A g3, &2 oY A5
ol A= Lut CCS 7|2 7Aoo A-&st= A2 7]
< 4 AAH SHolA B&HolA gon, A AAZHCE
T 7t A xR 3Eo] W) wZe] gyt CCS
714e HESA g o] AukHolthAzarabadi and
Lackner, 2020). &, 7}A8HHS 23] §80] HojA|3l ]
o] o] 5o] 7tAT A= ARt CCSE & &8sk &
=0 28y AT A LATIAE HjEske AHo]
o, HiEE = oAlStsAE A7sof & Ta/do] At
t}. o]0 wt 7EAHPH PAtoA = B&o] WojRl=
uh ccse] =3 AH] ti4l, DAC AH|E Z-85to] 7hadt
A Av|ofA &5t oAl AE Atk Weks 1L
AT 4 9low, duk CCs9 23 7|« H4l DAC 7l&<
Agst= Zlo] o adAolg: A Axk EATTH
(Ibid.). AAZRE v]=9] FEHNEARKAHE AF-7FA
QAR AEHE(AH)(ExxonMobil)2} ofof gt H= A+
£ Z9Y5taL QIth(Global Thermostat, 2020).2%) &2, 2%
HHEAB (A= 4] H4]9] DAC HH[E &8st
O, 54 AH7t & 35 flsl 7tA dar Eas A
S 1EgitdE, eyt DAC 4] dulg 83t

—

o
AA

s

o <
@)

25) o]’k DACCS 7]&9 82 di7] Fol EAsl= olv] wigd olitshea

A% kA v F8] A5k Zo] fEsitt
o2 74 Aug AuEH, HA oYz ZHO
Al BH, SR shesdER el 714] WhAle) vt
CCS= A 4o 3.25 GINCO,2] FodA|7F B a3t A
o7 EAEATKYI, 2015). o= Syt 4] 4o A
gt CCSET 25 =2 gholA|et, Alolg= 5444 a5t
S A= FAEY golotA doi7] ol o HE &
FJo] 7F5SHH(Yoo, 2010). DAC Z14] 3 A 54 14
Ho} o ©E ¥ S FHo|ER e YA ol
E45 18T et itk 294 SEAYA(AhY] At
o A= DAC 4| AH] 755 3f 5.76 GIKCO,9| Eofld
A7} Q5% 9™ (McQueen et al., 2021), kA AFSH &
A Auje} mE7RA R 4] el M AQE= oA
£ AaA7le A2 S $8% A7 dA7E Hok
oltix] & ZHollA DAC 4] AH|9] «JAAF FA] F
[3F Aot 4] AdH|9] FL- Zagt dojyiA|9] &
L= 80~ 120C HE=, ol= 3Hd=m ARE E 4AF Al
A AME & BRI HYRE 386] 3F 7Fst k0|t
oebs HIES FEEor e 5= JEE AR AR
2 Ak A QIol] JA|sk= Aol Aol o] Ff
= DAC 714] Au7t AXE Q9] st AE ARS 9 4]
A 5 8o E9olal HiEE s oklREAE T
Al ZZSE = k= Hof|M: o]st YR|= avtzo|ct
70 R, QhA AT i} Zo| Ut CCS Anjeks &
2] DAC AHli= g0 283 A7[ov=]2] 35 HRt A
TEsfiof gt ZEAEEA AdH]o} A FE= 54 AHY
3% W == 7R AuEERE Ay d7194A|
£ 39S 4= JAINE 11 919 Aol gEH o= A4k
= A7|URE 58S & UeE AABYA] AVLEIGF
F 5) T8 YABHEE DAC 7 && H=hS SHok=
o] "asit AAPorz|e] Fa4do] FxREH T £
vatol| e APole At F& HATR7 2482 = L
Qorn= oju] g AH] Qlo] DAC AHIE Esk= A
HA| 3 " a7} k26 o] HLoli= AR W A
H|9] Jo] HEHE E-8ol= ‘Power-to-X HZFOZ DAC 7]
& B8sh= A HA| 7155 (Breyer et al., 2019). X577k
A =25t W8 th&e] <Table 5>¢} o] F2jd 4= Sk

i
L

ZAZ

fr
Ay

oA SRR oz AA T e

1 88 534S 18P fole wiE AT fAitL & 4 ik

26) S UERY] iR HYE HAARE HEEE digol] 98 MW ‘EEtA T Y THA, dFo] 100 MW F9] HEF HHA
7 @A FFEo] 9 Sl U™ (Kwon, 2020a; Kwon, 2020b), &L Ajgtaol 4 9 i HF THS A 28 GWFEY
gt AHlE 245k AYS F7 Foll AUTKSDIA, 2021). =W 2 8 dHAZE s Y THAX7F 9§ MWFE o2
71 3, AAEE e oJof ALY} 61.5 MWECE I HE 9l QTHKNREC, 2021).
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Table 5. R&D direction for adopting DACCS technologies based on the comparison of the general CCS and
DACCS technologies by ‘Required Energy’

R&D direction
for adopting DACCS

L General CCS technologie .
Categorization DACCS technologies*

in Korea

Liquid solvent

- 2.8 GIACO, -+ 5.25 GJACO,

(at high temp. of 900T)

- Thermal energy - Optimization of capture materials

required and processes to lower required
energy should be studied.
- DACCS facilities can be diffused

with gas-fired power plants.

- Energy-efficient - With fossil fuel combustion and - Near gas-fired power plants

location industrial process facilities

Solid sorbent

- 3.25 GIACO, -+ 5.76 GJACO,

(at low temp. of 80~ 120T)

- Thermal energy - Optimization of capture materials

required and processes to lower required
energy should be studied.
- DACCS facilities need to be

deployed near fossil fuel and

- Energy-efficient - With fossil fuel combustion and - Near fossil fuel combustion and

location industrial process facilities industrial process facilities and

renewable energy power stations

industrial facilities.

Source: Arranged by authors.

* The contents of this column are based on the literature review in Chapter 3.
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4 ENY oY

A% o= ZHTL o] ASteAE E-gotojof & QA
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olA HiE FHHUolA CCS 71&E AEdlA AHo] TS
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oA SamEAARA A AT A ok 4
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Ayl Qeom mEOlRA stol A AUIAUS
Stofl A CCS 7a= 283t A2 HiE HeoA e A5
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