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Research on the prioritization and appropriate levels of Korea’s policy support options
to invigorate the technology innovation of direct air capture (DAC) technologies:
Focusing on expert surveys using the Delphi method
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ABSTRACT

Direct air capture (DAC) technologies are a key mitigation option for achieving carbon neutrality. Advanced economies
have been mobilizing their resources to support the development, demonstration, and deployment of DAC technologies, and
tangible mitigation outcomes have started to emerge. Against this backdrop, this study aims to analyze the current policy
support for DAC technologies in Korea and to explore policy priorities and appropriate levels of support for future
technological innovation. Theoretically grounded on technological innovation, this study classifies policy options with
technology-push and demand-pull policies. First, the analysis of existing policy support for DAC technologies focuses on
carbon capture, utilization, and storage (CCUS) technologies, and DAC is currently positioned as a subcategory of CCUS
technologies in Korea. Second, a Delphi survey was conducted with 10 experts from academia, industry, and research institutes
to identify consensus on policy priorities and the appropriate scales of policy support for the technological innovation of DAC
technologies. Analytical results indicate that, given Korea’s early-stage development of DAC technologies, technology-push
policies such as R&D investment and demonstration subsidies should be prioritized. Among demand-pull policies, upon
technological maturity, the Emission Trading System (ETS) is evaluated as the most effective tool for creating market demands
for DAC technologies, assuming a higher credit price compared to the existing ETS allowance prices. This study also found
consensus on appropriate support levels, providing specific numerical estimates for technology-push and demand-pull policy

options. This paper concludes with policy recommendations based on these findings.
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1. M2
715ste] AvboR Bgat] A% #E wel o
FOT, LU HjZo] o]Rol Al HEUNAS B

A7 (emission reduction) k=3 Eut ofyE}, tfj7] Fof o]
v 24 olisieas ArAsks Hauol W ol
Aok qoie <l4lo] TrshAle BALHAE Alolo] A B
SE 3 Qlt}. o]&= o]AtsErAA| A (CDR, Carbon Dioxide
Removal) HH o2 Fgdtt. 5] 7| TH3lo #3t 4
B2 AYAIPCC)7F =& Al6x} B7HE LA oA A

9 52 94e 919 CDR I o] B7his
o 5 gol olele 59, U3, ke 4939 Yo
Sof ol WjES J5H] T WA Seelo] FEE
THIPCC, 2023). o]2|gt Weto A 2oy ESF a4 4
g 5 7]yt CDR Fow B oplsl, ®sh 7wt
(engineering-based) CDR FLo] tigt HAxE wi= A &

£% 43 Y o)

= ek 7] 5 olikebeta s
ZHEZZ(DAC, Direct Air Capture) 7|&2 &St 7|4t
CDR IR dgto® F8535 FHOE A4 7|&=
ZE4dky 9Jtk(Song and Oh, 2022). DAC 7|&& E4 Hj
9ol 9&EsHA 4 7] F COE AR AAY +
own, 55| getavt o FwolA F4t dg o
02 75T & AUtk HolA A 7HA7F 27 W&
o|TH(IEA, 2022).

T84 DAC 7]&2 @A divtE A3o] o]FofA|iL
Ul ofZ] TleA B0l wH B, 27] FAH]
£ AAZ A HpA B o A5 484 59
TARZ QAsf ®IZF BF FE9| & gHibo] o F£
Z SHAE A dti(Jaffe et al., 2005; Kotchen, 2021;
Semieniuk et al., 2021). o]o] w} 7|& AFLEL AR
AAA 7] BRAYE FESH, R&D T4 AF KR4,
AA S", SARAPG AA & Tdet A o 74
< A AR tHBudinis, 2021; Deutz and Bardow, 2021;
Honegger et al., 2022; Song and Oh, 2023; Sovacool et
al., 2022).

AA R o=, Ayt 9= 5 F8552 DAC 7|€9

R H8RE 205 Ao e HA e
AAZ ez =dska ot o9& 501, vl 2020 f
YAR= &3 DAC ¥ A3 /S 2436, <l
Tt EXH(IIJA, Infrastructure Investment and Jobs
Acts)= 59 359 &2 52 DAC s|H A4S A Yst
AUTHDOE, 2021). of7]o] B3, v]=2 EFZ PRI}
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20259 79 AASE “One Big Beautiful Bill Act”E S3f
45Q AABAE AHatol, DAC Alo] AZF 1000E o
A4 COE TUHE A9 ALAYE ozt RRALS
ZI(EOR, enhanced oil recovery)d A2 &-2of A
= £ 51509 SUT AALAS AFHL o, o
£ &9l W BAE AFHoE fLostal UtHGlobal
CCS Institute, 2025). o228 g EYo}39] Ae4AR
HZ(LCFS, Low Carbon Fuel Standard)2 DAC 7|& 7|
w AAO] o) A 5T T5S Hojgo 2 A
Z 714t 429 % A&E5F3l Qlti(California Air Resource
Board, n.d.).

Ntt= A2FE A17|2(SIF, Strategic Innovation Fund)
9 YA 2 71435} oY HEJE(NZA, Net Zero Accelerator)
£ B9 DAC ¥ Z2AHE] HxFE AFotil o
o, AHZAe} FARRES AAG Wt B & Ve
S FHF FLokal JHRIEA, 2022; Government of
Canada, 2022). 9=2 DAC 9 2471~ A|A 7|&HA
E2I9e B9 AZAL e ARSI dow, v
maaEd] o A4 AYE HFek YLHGOV.UK,
2022). AT sato]& §-H(Horizon Europe), &A1
715 5= &9 R&D ¥ AF FAE gofjch= 3, w4

AAJAZSEH LY (CRCF, Carbon Removal Certification
Framework)S £3] DACS Z33F CDR ZHof 7]uk3sh

A9e e, W% COR H2HE A f oj5A v
2A1R) S AT WS AANABU-ETS) W2 Beei
A 13RS 313 50]th(European Commission, n.d.). &
E JA] EAKMoonshot) R&D ZZ2 -G F35j] DAC 7|
£ EOT BaALEY J1%0] A4 SR 245}
ATHMETI, 2020; NEDO, n.d.).

o]%3 DAC 7|&9 Wﬁ} =78 A A2 Ve
At 27] AR 78 AEL SA] BRE 519, o]E 3
WA U 4AY =o7 B olFolNT 9
webdl, SeLet @A), DAC 71%0] tet HA =oje}
24 FRE WO AT, BT ojue A LI
o] $AA o FPEofof Sh=A] 12|l A F0] of
L Hr "Q3kA] morgt g7t Qi ofof & A= gt
29] DAC 714 A4 dgre e, 127} o] 2
4g wigon 5 AP Suele B3 190
Hze AANFTA Tt

ol& 95l A2l A= DAC A 7|E Y ATES
AEstaL, Ao e BAES AR, Al4golA
Ut DAC AA] dF FAES AoEy, duto]

i)

F°

}l‘l
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7 IAEEY 7IE9l 7issiis flet =7t X1

B4g B9 48 Suesel 44 AY FRE =29
th. upxjato 2 5o BAATE qoketT AHA
Folg ANgoRM FT Yol BEY A HFS A
kst et

Al
=

A

al
ES

__I.l.

2, MG
g a8l

AC 7|

flet

(Ut
Ut
m o
0x
re o

xH
Al

DAC 7|&9f gt 7]&9] ZddA++= B8 DAC 7|&
o] A5 9 &g A womEls THIA7E FUAA] 7t
oFslal, o] EAIE dfidste do et FAE =& E
£ Algtgitt. DAC 7]€9] 43 4 &89 T3 A=
$ Oty A 71ed AR Y- AAAE Y SHoRE
2 5= 93, ol A5zt AAE ] et whEbA, =H 3t
Aol tigt 71&9] AFE HEstd A 7|& 7|5t H]&
o] B4, =2 oux] 48, AAZ AL U HZ =5
A, 293 7]&c] gt B4 Qo HT &
t}. o5 A2 dotw, oh2y

A WA, 7le 2 889 Z=HIA SwHojA HW,
DAC 7]&2 t7] & <F 0.04% 5%9 COS ZHst=

]

2 rl

a2, SHELD A4 B FAo| Uk &4 EH
Ao 797) 4804S BYAR AT, T4 CO,
2 wejok Atk BT BYAS AP 1Y
o Wasith B, A4 2Y YA A4 FAE 2

A2 &8st oo F2 9 22 flof gg =
T 52 HEAKIThD o] F 71A] 2 ¥4 L o] 4]
71€0]1 AZ 9 &-go| FEI| o]FojXA| &2 AHQL
vh, 3y Hl-go] il 1 o4 Eo] Y tH(Song and Oh,
2022)0 @A, AF 2 E8 FEA7 FEH oA
FZFHL-L 100 ~200 USDACO,E &2 4= ot 1dd),
FEHO R FHFo] o|FoA)7] YA t7]F CO, E
AollA © Yolrt ol 2554 FTEHoE A B
g-&ofopgt CO, AA7F SEH. I8, Co9 &% ¢
Aol gt Qlxet A B35 AFejo|th(Stewart et al.,
2014). o]o], 47] AZ= 100 ~ 200 USD/ACO, H]-&0f A

o{ﬂ
il

—

D) e WEEH P4 S RolW FHA olisieiast 2
SE WEFHS WS 2EolA olsehivt §3 % RYHL, &
A% WF P4 5= 9

2 GHEe) G Bl RAolR(he] A9 TR A B4 A B 7k 94~232 USDACO,Z oElT, AAE

MM BN Uil Y K1 47 A o7 875

g B BE v18o] FrbElojo} Akt ol wehA,
DAC 7]&o 7|9kt ti7|AF=xd 2 AZHDACCS,
direct air carbon capture and storage) Fi= t7| A H L3
9 Z8(DACCU, direct air carbon capture and utilization)
719 AT 9 & ARISEE Sk Hlo o] A A =
A BAl= DAC 7|9 A% % A8 &2 H|&o] T
AJItHs Ao|th(Fasihi et al., 2019). £3], AFAA|A U]
2AZFA7E A E= A ¥ (point source)of Al COE EF
sto] ALl AFsteE olitstetA =Y WA
(CCS) 7l&x vlwd o, df7]5olA9 ZYst= DACY
23 28 HEole 43T AATE tH(Fasihi et al,
2019).3)

T A =dRA| R, o] 7]& AFIE Adske Hofl A
ojA WA St= ZAIA= HIE AFet ol|A” &8
T2 2A7IA HiE Aotk &, ti7]SolA COoE X
AstANE o] &4 A ANUAIZE 42€H. FAEY
AB]= 900°C o]l 112o] HQasiH, HAxy AH|9
9 80~ 120°C9] QoI 7} Basieh. ol 3 744 4
5% Ae] 5o At | A7t B A3 vl oA &
8 H]-&o] gt @7p7t g Eojof gttt HEdti, &
oiAlo] A AR7F E8Eo] ZYE= FEY ¥ B
2A7IA7F BjlEE T, o= CO, AIAE &3t «8liE A
ZFolgt= DAC 7| 7|8t A9 =& A3} ghA] o=
AIE 2T 5 Aok E=3E AGT ANYA(ER A7)
H)-g oA AFE DAC 71& H8A &2 v]89] 9731
2 910|tHBudinis, 2021).

A\ 2HAA = COE Y- A% oA Hf
S 2A7IAe A% AR MAYskE CO, ¥ilE 5 &
A 2ol ZmAtolF AA A A A et 7t ALY
4Abg R Eo] ettt @AE A= DAC 7]l sl
TAHCE FA" WHEC] FARIE Holth o=
DAC 7|&5 295 CDR FZHo| 52422 485+
Argolth. &, AR HE9] A2 F7Hd(additionality)
o8 A ol A} vjiwste] ALY o] & AT Hj
Zo| Frarofof qrt= YZQlH, CDR HIHL Hi&

4 o wad olusieart mUARRE Zejgd
ol mAARRE BEt olgdr &% WE, &

i)
i)

dEZQL AL A H2(AHS] 7% 500~600 USDACO.01H AA] F7o] Aol whek 200 USDACO,Z Waojd 4= Q).

3

=

Fasihi et al. (2019)9] Fig. 10914 & 4= Q= Hke} Zo] AGFAHET, F5, 2 9 Fo], AHE) Y9 tCo, T EY H|-89 HY
(range)’} W7]& 3ht DAC 7|& Y v|8ECE Won, AA7A8A, =57] wgt 771 A 93 (steam methane reforming) 4

-
T

Az, FEYol, ofgkE YA A R €O, F EF H-§Z DAC 7€ 7|9t 23 HlGEG A5 Wt
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Aol olUiet tirlF o eV tAs 2y U AR
she A4 5l ol Agshs Zo] ¥4 etk o
S2eht, CDR Aol £3H g41S0] thaystel 59
gk AF] HRHES A8ske A JA A Yti(Carton et
al., 2021; Sovacool et al., 2023, pp. 74-75). wr2tA, CDR
Aol et A 2] 2agt Ao, 2, duk 4
Z]o] "Qasky, CDR HH(DAC 7& 29 34 42
of gt Al WRE 50| "asith

oAt =ATAE DAC 71&o Hi8f 343 JFTt
AR AT TEdEn WA, 4 gFezE=
DACCS7} CCS 7]&3} o] XEAA Al COE 1¢o
2 FAsks Aol AR T 22 BRI 2 G
Fo= olojd = Q= E4/do] AUTHOh, Song, et
al,, 2023). 3 XFAGE CO7t 7] FO2 THA] HY
Z5= HH(reversal) EAo] WAL =& QITHOM, Song,
et al., 2023). o] 2 <lsf, DAC 7]&o] gt A4 484
o] ¥& &= 9lth. © Yot DAC 7]&o] it B 4
/A AA7E RESto] & 71&9 A5 AT 4T
gt AS]A Qllo] i1, EFF DAC 7|&2 2= ‘AA
(removal)’o| &2 AA| 2ATIAV} HiEE = FHYNA Y
HiE A7 =& 39t =84 dfjo](moral hazard)z}
= oA AR 844 JA e ¢ UAtke ot
(Cox and Edwards, 2019; Erans et al., 2022, p. 1393).

oA, A7 EHAAES siasty] gt oeFet A
Hetso] EA1d 4= Sl olof digt 7|& A+E Aot
W o2 2k AA, 71s AFISE H8o] ZAIE siEst
7] fI8iA= DAC 71& AdS Addste] S3adE &
o &= B ok AL, Y 349 a&d A ¢
A AHEF AEE S5 HlE= RE & Uth(Deutz

o=
and Bardow, 2021). o]& YaflAE= 71490 A7

£ R&D EZF0| Qlth WA, DAC 7|& A2 st 4
F R&D ZEIHOE, v, U&, J= 5o &ds] A
8511 JATHDOE, 2023; GOV.UK, 2022).9 3} 7yttt
AEO} AQA HHL DAC 7|&S S35 7|49 7%
A 98l Exa2 A¥sHTHCB, 2017; NRCC,
2016).5 b, RIZF FEoAE A 9 7kA XS FA
O & DAC 7|& 7id ¢ AFol 9zt ALE A5st= A
#lE°] QAthH(Chevron, 2022; ExxonMobil, 2020).

qkeF, o] 23t H-g g0l E7Iusttd, B8-S A4St
TE ¢ ojojo] FEIES MAUL BHE 2HE
Jol Wasit). WA Yo PRt A7} A0 g
$Eo2 CDR WS AHSL, CDR Y2o] DAC
71&& 285l Zlo|th(Honegger et al., 2022). 7]l
=27 7= 28 AA A], 8&A 7 (emission reduction)T}
CDR W0 whE A A (removal) ZHE 217] wh2 44
k= Zlo] 118E 4= Uth(Honegger et al., 2022). TF2©.
Z, FJFo4 DAC 7|&o] 484 & = ™S -+
Hol= Ao|th. -5 A|(command-and-control) & &
QYA O, oA T RS} L FR A
AlolAl  DAC  7]&o] EEEHEE 7l& YIRA
(technology mandate)E Hdl= Z°|th(Meckling and
Biber, 2021).0 E3F, 7H1A BH R, o A] AR&olLt
CO; Mol 742G W71 A AN BHS AFeRe A
o]tk (Meckling and Biber, 2021).7 o A] ARg-o|L} CO,
Wzl g3t A FEo] RO £24F DAC 7140
g3t £47h folEt olea B4 AME BFSL,

&t

Q,

4) U]Z2 20209 o A% (The Energy Act of 2020)9] wa} 20214 19] 7,5009 22 Ao 20256714 w7 oF 7,0005 2=
DAC 7]& 9o EA}5FAL QIth(Congress Research Service, 2024). EUx= Horizon Europe 2132 53f 20165 E 2024 A71A] 4
M9 DAC Z2AE 3,6007F GHE A Ydle] 7|& A4S A5 tH(European Commission, 2022). YE-L EAF(Moonshot) L&
BE Bo 2050974 A4 5T AUETS BEE 2002 Ak 29] Pe)S DAC 7|&Eo] B4 RED GG Hoehy

ITHMETI, 2020; NEDO, n.d.).

5) EHQ A, Mutts AZFA7|Z(SIF) 5+ ZEIWQ NZAS 53 Carbon Engineeringiito] F 1,387%F @218 2g3lo] DAC

oA 3 Y 9 AT 292 AYstal ATHIEA, 2022)

6) A5 E°1, 2d AFAGoA YF3|+FHE T ¢ DAC 7|&S HE3tHe 71& YEFAE 4T 4 Uch(Meckling and Biber,

2021, p. 2)
7 Ag =

, 0= A xyo} Aets: AFHZ(LCFS, low-carbon fuel standard) AlTx ‘W% FE] fist Wi&7|&XE AT AU

AN, 7129 A wiEF 7k Aolg HIgoR I H(eredino] TASAY Ee IHAUZ FEIoF k= Aot F, A=

Eolehs A4 ARt shaAgo] A AN A

Aiolet & 4 9o, olefdt LCFS del: Id9S ART % 9

€ Aol EARH. 5 LCFS A=A ¥4 8 38&5= AR & F/FE A 71 ZFR0] e, ole 247 wWiEAH
S AA AE F@ste] I AGAA A0 mt 2R D5Shs A=dH, AA Aoz AFEe 5 e 7€ DAC 7]

&o] E3Eo] QITH(CARB, 2020, p. 12; Oh, Oh, et al., 2023).
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CO; HIE 743} DAC 7]& A 7H9] FAF 7h=0] &4
d B, olE HAN £ & A Aw A T AAE
8 292 sh= Aotk i ®A 0=, v|=9] B, 45Q Al
HZA A=E S0 DAC 7|&= AZE 1,000E °]/2
COE T B, A&ty A 4 444 &8 Al &
g $1805 TALE £ UYEE FFHTHGlobal CCS
Institute, 2025; Jones et al., 2023). E3F J=29] FL 11 g
Hi s BHOE, A9 ©A7HAT CO, AlA HE
7+9] &ol7t A= A, ololl Higt F&F HAaE B
F+= "4 o|tH(GOV.UK, 2024).

E4, o|A ARgol wE 2AVMA HiEFE £017]
AsiM= A= obd A A 7Rk - A7 E &
&5h= Aot olof weh, $AEY DAC 7|& 48 Al
= Aol A At Al o], A4 2 DAC 7] &
& Aol IE AF HES 8T 5 U= AE 2A
of #A& A7gsfoF gtth(Budinis, 2021).

A, Adst HHEY T A=, FAARR]A Bl
£ 52 A% 83 At St ApEE @AY
FHOE DAC 7& A& AFdS 913 IHES EHlska
ULk THH, R ©AAP AdolA, FHATE
EU-ETS StoflA CDR HIHE A5 8522 45kl
WA &t Hf4l, CDR FZHol 719ket A &5 2=
& TAH O Aok AAR w4 AA A5 T AL
H(Carbon Removal Certification Framework)' & 2022
11 2FOJSFHTHEUR-Lex, 2022; Oh, Oh, et al., 2023).
& T AYA stolA A= CDR FAHo 7|& 7|5t
HaMOog DACCS 7]&o] ZFFE|QTHEC, 2023; Oh,
Oh, et al., 2023). 183l & ZTHYHA sfol|A AA A}
=9 4 #eE sl AAZY A3t 7M. 371 A
4, A&7HRsA SHe 2 A9, B URHEC] &
H]Z] 21 Qlth(Béttcher and Fallasch, 2025; EC, 2023; Oh,
Oh, et al., 2023). %A ZQ1 74 &Aoo = T FA
Al6.4zx HAUZ St M= CDR LRl izt dwt 4
218 435k tHUNFCCC, 2024). thgt CDR FHoj
St Z42+9] FAo] et FA|A Rl W EC] tisiA
= 4 EE A7) ut 2o ZIRksiA AR A1 Al v

g
=4

i

A B QU=PR HY K aE 2M A7 877

W29 AAoF & AoF HQlth & ZrtFog g
I FAH O W E gt £H]7}F o]Foj AL Qi
A, 74 FFol dist EEAEE w37] {5, DAC
71& Ao g AFAAE CO9 ¥
of tigt 1A 94E84E ol Ao
A6.4x A&7FsHA HAUESS H4,
3 37 3A 2 I P52 AYSteE ot Ut
(UNFCCC, 2024, pp. 8-11). T3}, AA AtgolA A o]
A 49, CCS 7ol 2838 WAzt o] viEd 3
RS Fash7] 9t AXHE vt

7F obdl Eg4skal, 9 4840 &
oo thet thSHL ofZ] BFsirt. 7hssirt, 4l
|0 FFS PAA ge AFeE AF £ 4
Sh= Zlo] Wijbolgtal & 4= Qlvh. gHH, DAC 7|& A4
of gt ARl =84 ALE flsiA=, DAC 7]&9] 7]
TS} 8= IRt AE FHLEA 9 Aol ek 4
HE Aot olof gt A4S A|asH= Zo|thIEA,
2022, p. 72; Scott-Buechler et al., 2024). o|& AZ|s}H
T}2-9] Table 13} Zch.

239, oleie B o YFEL e el
Ao A 9 AW SAck. chek, AR AHge] of
I ARARE A9 g0l B 4lof iot ofdf, 7]& 4
Toll A gE Ae] AT 71Q) A9 g AHA
Z23E o] A AAQl A A JA] A%
ok WA, HE Z9] DAC 71& A& B4 AH OIS
off thaliA ¥kl AQkS 27t A= Sovacool et
al. 022)0] GEACZ, 1071 AL Ak, o
H, DAC 7l&s Efet 71 Ade] AAE 3ol
St EZ Q] A= Song and Oh (2023)7} =4,
T DAC 7|&Z g4l 7|e2 21 g47|s9 4
&8 45 JFZ F= FHE 89S 87

3

N
2
X
B

= flo
oo

i

ol
S
= HESIT DACCS 7|4 B4 AASS TS 4
gsteon], 74 A=Al DAC 7|99l 7HE X0l

8) HEHCRE T 7IR] AAE & 4 AUTh HIZHVERRA) APEE ©AAAo|A= DAC 7|&Z o 23 ol4gstAE 3 E A
Al F9dste] oliEtetaE A7l Zl&o s AYG HEE] Atk o] WHEL ([VMO0043 Methodology for CO. Utilization in
Concrete Production, v1.0’S.Z 2021 4 59 SAEATHON, Oh, et al., 2023; VCS, 2021). t+E slLt= ofH|g 7t 7ML HRAEF
(American Carbon Registry) APE# grAAIZoA= CCS 7]&o] gt AFY #HE0] 9=t ol DACCS 7|&d= &8 & Sk

= AT B, ARl diside AREeSHU(EOR)T 73

Oh, et al., 2023).

AZEZ

FSAEGR)ON Mt 282 5 AFHACR, 2021, p. 10; Oh,

9) CCS 7]& 7|¥t A Al GAZA o] gt thS Hl2l-& UNFCCC (2011)2] Annex paras 24-289} Oh et al. (2022)S F11d 4= 9ok

http://www.jccr.re.kr
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Table 1. Challenges and ways to address challenges

Challenges Ways to address challenges Actors
. . . - Private firms
Financial support to advance R&D on capture technologies
- Government
Creation of technology business environment
- 1) National policies
- Policy to acknowledge CDR approaches (incl. DAC technologies) as
mitigation options
Cost & P

- National policies to set separate mitigation options for emission
reduction & CDR
- ii) Environmental policies by
- Technology mandate
- Carbon pricing

- iii) Tax credit

Government, mainly

GHG emission by

- Utilization of renewable energy sources or low-level waste heat

DAC firms, mainly

energy use - Consideration of renewable energy sources in site selection
- Nationally and internationally accepted methodology formulation for DAC | - DAC firms, mainly
Methodology X .
technology project in compulsory carbon markets - Government
. . . o . - DAC firms
Social acceptance - Information sharing and diffusion for enhanced social acceptance
- Government

Source: Formulated by the authors on the basis of previous studies

Table 2. Challenges and ways to address challenges

Literature

Policy approaches

Government-level
policies by
Sovacool et al. (2022)

i) Principles on negative emissions,

ii) Prioritization of long-term carbon storage,

iii) Incentive for experimentation (demonstration),

iv) Co-development with CCS technologies,

v) Setting carbon price,

vi) Integration with renewable energy,

vii) Utilization of hubs for DAC technologies,

viii) Setting separate targets for emission reduction and CDR,
ix) Robust estimation and certification of removal amounts,

x) Social acceptance of DACCS technology deployment

Firm-level policies by
Song and Oh
(2023)

(Market-pull)

ii) Suppliers of geological storage sites or renewable energies,

i) Increase public awareness of CDR methods and DAC technologies,

iii) Firm’s past experiences of operating small-scale DAC pilot plants

(Technology-push)

iii) Collaborative R&D networks, iv) organizational innovation

i) R&D funding, ii) acquisition of DAC-related patents and know-how,

(Regulatory stringency)
i) Command-and-control regulation on CO, reduction,

ii) ETS allowing carbon removal credits from DAC technologies,

iii) Tax credits

Source: Formulated by the authors based on Sovacool et al. (2022) and Song et al. (2024)
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FHgo= Aok Christensen, 2015; OECD, 1992).
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Table 3. Technology support policies by technology—push and market—pull

Category Definition

Facilitating Factors

Policy Instruments

Instruments supporting
Technology-push | the creation of new technologies and

facilitating innovation investments

R&D Programme,

Early demonstration project

Public R&D investment
(Programme or subsidy),

funding Climate technology R&D tax credits

Instruments creating
Demand-pull .
market opportunities

Market expansion,
Increased adoption of new fuels

and mitigation technologies

Consumer subsidies,
Emissions trading system (ETS),
Feed-in tariff (FIT), Carbon and

environmental taxes on consumers,

Intellectual property rights (IPR)

Source: Formulated by the authors based on the table 16.3 in the chapter 16 of IPCC (2022)

Table 4. DAC technology support policy instruments

Category

Policy instruments

- Public R&D Program for DAC technologies

Technology-push

- (To firms) Tax credits to DAC technology projects

- (To firms) Subsidy for the investment of demonstration projects

- Emission Trading System (acknowledging DAC technology projects as mitigation activities and allowing

removal amounts to be traded as emission rights)

- Technology & product certification

- (To firms) Loan assistance,
Demand-pull

technology to capture CO,)

- (To consumers) Subsidy for buying DAC technology-related products (e.g. Cars with the installation of DAC

- Fund utilization

- Others (Tax on competing technologies, public procurement and etc.)

Source: Formulated by the authors based the previous studies
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Category

Questionnaire

Ql-1. To facilitate technological innovation of DAC technologies in Korea, which category of technology support
policies is more important: technology-push or market-pull policies? Please, rate the importance on the

scale from 1 to 10 and provide your reasons in a separate box.

Technology policy
priority

Q1-2. Regarding technology-push policies, which specific policies are most urgent and should be prioritized in

Korea? Please, rate the urgency on a scale from 1 to 10 and provide your reasons in a separate box.

Q1-3. Regarding market-pull policies, which specific policies are most urgent and should be prioritized in Korea?

Please rate the urgency on a scale from 1 to 10 and provide your reasons in a separate box.

Support scale

Q2. What level of financial support is appropriate for the technological innovation of DAC technologies under
each indicated technology policy option in the year 2026 and 2030, respectively? Please, specify the amount

of support in numerical terms and explain your reasons.

Source: Formulated by the authors
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Table 6. 2021 ~ 2023 government R&D investment in CCUS (Unit: 100 million KRW)

Year Technology Stage

Technology Ministry - -
2021 2022 2023 Basic Applied Devel’p
Min. of Industry 220 200 187 661
Carbon Min. of Science 9 45 19 17 64
Capture* Multi-Ministry 16 25 17 58
Total 245 270 223 0 17 783
Min. of Env. 15 19 10 44
Carbon Min. of Industry 65 151 152 368
Storage Multi-Ministry 111 131 72 315
Total 191 301 234 0 0 727
Min. of Science 371 408 408 753 302 387
Carbon Min. of Industry 111 208 183 596
Utilization Multi-Ministry 19 33 22 74
Total 501 649 613 753 302 1057
Total for 2021 ~ 2023 937 1,220 1,070 753 319 2,567

Source: Formulated by the author using tables from pp. 9, 18, and 30 of Joint Ministries (2022)

* DAC investments are categorized under carbon capture.
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7Ve /3T AMAA mEEo] AHA BExp 2459 4
giaglog 8PS AARRITE

" HREA 7|4kt CCUS R&D FA} @gHito
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Table 7. Changes in R&D investment in DAC (Unit: 100 million KRW)

Government Ministry
. Ministry of Ministry of - Total Total
Year Stage Ministry of Ministry of . Total
Trade, Industry SMEs and Gov’t Private
Science & ICT Education
and Resources Startups

Basic 0.38 0 0 0 0.38 0 0.38

Applied 0 0 0 0 0 0 0.00

2020 Devel’p 0 0 0 0 0 0 0.00

Others 0 0 0 0 0 0 0.00

Total 0.38 0 0 0 0.38 0 0.38

Basic 0.50 0 0 0.45 0.95 0 0.95

Applied 0 0 0 0 0 0 0

2021 Devel’p 0 0 0 0 0 0 0

Others 7.84 0 0 0 7.84 0 7.84

Total 8.34 0 0 0.45 8.79 0 8.79

Basic 0.50 2.04 0.00 0.00 2.54 0.29 2.83

Applied 0 0 0 0 0 0 0.00

2022 Devel’p 0.17 0 0.17 0 0.17

Others 7.82 0 7.82 0 7.82

Total 8.48 2.04 0.00 0.00 10.52 0.29 10.81

Basic 61.24 0 0 0 61.24 1.00 62.24

Applied 0 1.88 1.20 0 3.08 0.69 3.77

2023 Devel’p 2.00 1.88 0.00 0 3.88 0 3.88

Others 8.00 0 0 0 0 0 8.00

Total 71.24 3.75 1.20 0.00 76.19 1.69 77.88

Basic 56.01 0.00 0.00 0.12 56.13 1.00 57.13

Applied 0 0 1 0.06 1.06 0.334 1.39

2024 Devel’p 6.5 0 1.34 0 7.84 0.44667 8.29

Others 0.6 0 0 0 0.6 0 0.60

Total 63.12 0 2.34 0.18 65.64 1.78 67.42

Grand Total 151.55 5.79 3.54 0.63 161.51 3.76 165.27

Source: Formulated by the authors based on NTIS (2024)
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Table 8. CCUS technologies for tax benefits as core technologies for carbon neutrality

Category Description

1) Post-combustion CO, capture technology: Technologies for manufacturing separation materials such as absorbents,
adsorbents, and membranes used to effectively separate CO, from flue gases emitted after the combustion of fossil fuels
in power plants, steel mills, chemical and cement processes, and ships; and process technologies for capturing CO2 using

those materials.

2) Pre-combustion CO, capture technology: Technologies for manufacturing
separation materials (absorbents, adsorbents, membranes) to separate CO, from gasified coal streams (CO, + H, mixture);
13. and process technologies for CO, capture using such materials.
Carbon 3) Oxy-fuel combustion and low-cost oxygen production technology: Technologies for the low-cost, large-scale production
Neutrality of oxygen to replace conventional cryogenic air separation methods, including ion transfer membranes (ITM),
ceramic-metal composite membranes, adsorbents, and chemical looping combustion (CLC); and application of these
7} technologies to oxy-fuel combustion processes for pulverized coal and other fossil fuels.
Carbon 4) CO, geological storage site exploration technology: Technologies to identify underground storage reservoirs using various
Capture, geophysical and geological survey methods for storing captured CO,.
Utilization, 5) CO, transport and storage technology: Compression/liquefaction technologies for transporting captured CO, from major
and Storage emission sources; drilling and injection technologies for stable underground storage; technologies to monitor and predict
(CCUS) the behavior of injected CO; and environmental impact assessment and post-management technologies to evaluate and

manage potential risks of CO, leakage to underground and surface ecosystems.

6) Industrial by-product gas(CO, CH,) conversion technology: Technologies to convert industrial by-product gases such as
CO and CH4 emitted from steel plants, petrochemical complexes, and organic waste into chemical feedstocks or

transportation fuels through chemical and biological conversion processes.

7) CO, utilization technology: Technologies to reproduce fuels, chemicals, and building materials by mineralizing CO, or

converting it through chemical and biological methods.

Source: Appendix 7 of the Restriction of Special Taxation Act, revised on February 15, 2022.

Table 9. Tax benefits for new growth technologies

Law Technology Support Type
- (SME) Current year’s R&D expenditure x 25%
General - (Mid-sized company) *x 8%

R&D Tax Credit for

- (Large company) X (0—2%
Human Resources and (Larg pany) ¢ ")

- (SME) Current year’s R&D expenditure x (30% + {up to 10% New growth R&D
expenditure / Revenue] x 3})
- (Mid-sized company) x (25% + {up to 15% [...] x 3})
- (Mid-to-large company) x (20% + {up to 10% [...] x 3})
- Basic credit = Investment in current year X Basic credit rate
(SME: 10%, Mid-sized: 5%, Large: 1%)

Development
(Article 10) New Growth

General
I a1 - Additional credit = (Investment in current year — Avg. investment over past 3 years) X 3%
t t tment

niegraled nvestmen - Total credit = Basic credit + Additional credit

Tax Credit Ba " . - Bac "

- Basic credit = Investment 1n current year X Basic credit rate
(Article 24) e 4
(SME: 12%, Mid-sized: 6%, Large: 3%)
New Growth

- Additional credit = (Investment in current year — Avg. investment over past 3 years) x 3%

- Total credit = Basic credit + Additional credit

Source: Formulated by the authors based on STEPI (2023) & National Law Information Center (n.d.)
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Table 10. Delphi survey results on policy support
type preference for DAC technologies

A. Policy Type
Experts Technology-push Market-Pull
policy policy
1 8 9
2 9 10
3 9
4 10 9
5 10 10
6 10
7 10
8 10 7
9 8 10
10 10 9
Average 9.40 9.00
Standard Deviation 0.84 0.94
Stability 0.09 0.1
Convergence 0.50 0.38
Consensus 0.89 0.92

Source: Formulated by the authors
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Table 11. Delphi survey results on policy
prioritization in technology—-push policy
options for DAC technologies

B. Technology-Push Policy Options
Others
Expert R&D Technolo
' Investment Tax: Credit d(emonstratig:n
subsidy)
1 8 5 10
2 10 9 8
3 9 8 8
4 10 8 9
5 10 10 10
6 10 8 9
7 10 8 9
8 10 7 6
9 10 10 10
10 10 7 8
Average 9.70 8.00 8.70
Standard Deviation 0.67 1.49 1.25
Stability 0.07 0.19 0.14
Convergence 0.00 0.75 0.88
Consensus 1.00 0.83 0.81

Source: Formulated by the authors
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Table 12. Delphi survey results on policy prioritization in demand-pull policy options for DAC technologies

C. Demand-Pull Policy Options
Expert Emissions Trading System (ETS) Technology/ Others (Tax on
[Price] [Price] Product Subsidy Public Funds competing
CDR = ETS CDR>> ETS Certification technologies, etc.)
1 1 10 5 7 8 10
2 10 10 10 10 10 10
3 5 10 7 8 8 7
4 8 10 8 9 8 8
5 6 10 5 3 8 8
6 2 9 6 8 8 8
7 5 10 9 9 8 6
8 3 10 8 10 10 8
9 8 10 8 10 10 10
10 3 10 9 8 8 7
Average 5.10 9.90 7.50 8.20 8.60 8.20
Standard Deviation 2.92 0.32 1.72 2.10 0.97 1.40
Stability 0.57 0.03 0.23 0.26 0.11 0.17
Convergence 2.25 0.00 1.25 0.88 0.75 1.13
Consensus 0.10 1.00 0.69 0.79 0.81 0.72

Source: Formulated by the authors
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Table 13. Delphi survey results on the scale of technology—push policies for DAC technologies

A. DAC E. Subsidy
Expert Invfzf;]zem : é’:{?s SI:Z:) C. Tax Credit for R&D | D. Tax Credit for Integrated | (Unit: 100 million KRW)
Personnel (%) Investment (%)
(Unit: 100 | Investment (%) 10 ~ 100 tons | Over 300 tons
million KRW)

2026 | 2030 | 2026 | 2030 2026 2030 2026 2030 2026 | 2030 | 2026 | 2030
1 200 | 800 | 125 | 25 [30]25|20(30|25|20|12|6 |3 |12|6 |3 | 375 | 8.5 |93.75|218.75

2 200 | 850 | 15 30 [30(25|20(30(25|20[12|6|3|12|6]| 3| 50 125 | 100 | 250

3 150 | 800 | 15 30 [30(25|20(30(25|20[12]|6|3|12|6] 3| 30 75 100 | 250

4 250 | 800 | 15 25 (30|25 |18 (30|25 18|12 6|3 |15|8 |5 | 35 120 | 100 | 250

5 200 | 800 | 125 | 25 [30]25|25(30|25]|25 129 |9 |12|9 ]9 50 75 100 | 250

6 150 | 900 | 10 30 [30]25|20(30(25|20[12|6|3|12]6] 3] 30 75 100 | 250

7 150 | 850 | 15 30 [30]25|20(30(25|20[12]|6|3|12|6]3]| 25 150 | 100 | 300

8 150 | 700 | 10 30 [30]25|20(30(25|20[12| 6|3 |12]|6] 3| 50 150 | 100 | 300

9 200 | 800 | 15 30 [30]25|20(30(25|20[12| 6|3 |12|6]| 3| 40 120 | 90 | 270

10 150 | 700 | 10 20 [30]25|20(30|25 20126 |3 |12|6]3]| 25 50 75 | 150
Average | 180 | 800 | 13 | 27.5 [ 3025|2030 (25|20 (12| 6 | 4 | 12| 7 | 4 | 3725 | 102.75 | 95.88 |248.88
SD 3496 | 6236 | 230 | 354 | 0| 0| 0|00 0lo|o0o|o0]|o0]|o0]1003]| 3477 | 812 | 42.64
Stability | 0.19 | 0.08 | 018 | 013 | 0 | 0| 0 |0 | 0 olo|o|lo|o|o0]| 027 034 | 008 | 017
Convergence| 25.00 | 18.75 | 2.19 | 250 | 0 | 0 [ 0 | © 0olo]o 0] 0| 875 | 2438 | 234 | 7.50
Consensus | 0.71 | 0.95 | 0.68 | 0.83 |1.00|1.00(1.00|1.00|1.00|1.00|1.00(1.001.00(1.00/1.00{1.00| 0.52 | 0.53 | 0.95 | 0.94

Source: Formulated by the authors
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Table 14. Delphi survey results on the scale of market—pull policies for DAC

A. Minimum Price of B. Loans DC Equity Investment
Expert DAC-Based CDR Credits (Unit: 100 million KRW) (Unit: 100 million KRW)
(Unit: 10,000 KRW) 2026 2030 2026 2030
1 125 750 2500 200 200
2 150 500 2000 250 150
3 100 500 2000 150 250
4 100 700 2000 150 200
5 120 750 2500 175 200
6 120 500 2000 200 200
7 100 500 3000 200 200
8 150 500 3000 150 250
9 150 800 2500 200 200
10 100 500 2000 150 250
Average 121.50 600 2350 182.50 210
SD 21.86 131.23 411.64 33.44 31.62
Stability 0.18 0.22 0.18 0.18 0.15
Convergence 21.88 118.75 250.00 25.00 18.75
Consensus 0.64 0.53 0.78 0.73 0.81

Source: Formulated by the authors
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