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ABSTRACT

Direct air carbon capture and utilization (DACCU) technologies have been in spotlight as one of key carbon dioxide
removal (CDR) approaches to achieve carbon neutrality. In Korea, public R&D on DACCU technologies started from 2023,
and private firms with their own original DACCU technologies have emerged with laboratory- and small-scale demonstration
experiences. For DACCU technology to be demonstrated and deployed in a large and commercial scale, the development and
application of project methodologies are essential to calculate mitigation outcomes in carbon market. However, the actual
practices of developing project methodologies for DACCU technologies remain limited in Korea with only two cases, one
successful and the other unsuccessful in the methodology approval. Thus, this paper compares these two cases to identify
points to be considered in the development of project methodologies for DACCU technologies. For an analytical approach,
this paper sets six core elements of measurement-reporting-verification (MRV): (i) system boundary, (ii) baseline scenario, (iii)
data quality, (iv) additionality (other than environmental additionality), (v) permanence and reversal risk, and (vi) alignment
with international standards. Two rounds of in-depth written surveys were undertaken with two Korean firms. As analytical
results, points of consideration include defining a comprehensive system boundary definition (including upstream emissions),
setting a zero baseline for removal activities, obtaining a long-term and continuous measurement data, and ensuring
compatibility with international standards. Firms’ strategic methodology development and the government’s targeted policy

support for the methodology development are essential.
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1. M2

A 7] F oA E A 2N T AR
= &)l Ui+48 Al (durably) A7ste] oliteletas
A|A(CDR, carbon dioxide removal)oh= ZLHo| 7= &
Fog FASI QILh(IPCC, 2022, p. 1796). CDR ¥
o= thFet sAE0] E2Ack=t 1ol E 3k HE
Hol dglo g A™¥Y a4 23 9 E-&(DACCU, Direct
Air Carbon Capture and Utilization) 7]&©0] SITHIPCC,
2022, p. 1796; Oh et al., 2024). & 7]&2 tj7] &of U=
400ppm9] ALk olislEAE A ZYsto] A5
I 22 ZAAWA 7} obd A wiAlo] ARt 7eE
oJ3} 2= QItKOh et al,, 2024). DACCU 7|&7} Taisto],
Fujet fS SHCE the9] Wzt 7|41} ARER]0]
7% At AFigte] Zredstal QItH(Trendafilova, 2025).
olg3t 5 £o]A DACCU 7|&2 A7 TAe &
TE AT GAE dol, titE A 9 AAS AFY TA
2 Y3k ArkSong and Oh, 2023). o]0 we} DACCU
g A8olo] A9 BIIS ABHeE UFohe
=7 (measurement)- 1 31 (reporting)- 74 Z(verification)©] 2t
£ MRV AA Y] F840] T 0] IA FXEHIL Ut
MRVE= A &350 & 18 IAch= 2A7A BiE=
L AAGTE AAR = S5t B HolHE -5
aste, ZHAQ AR o3 HSches d¥ HAAE
9Ju|$HHUNFCCC, 2024). £3] DACCUS} Zo] 7|& 3
oFFo|1 F7 E3Hdo] =2 AA 7€ AF, MRVE
A5 AT AT A= 8442 95 dd 8
a8 A3t DACCU 7|&S gHshe A3 HEo,
NG 7140l AR SUT A FEo] Fleist=AS AT
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q&st= 7%, 7MY, AL 9 g%
S 9Jm]BIHKLIC, 2024).

DACCU 7]& A9 MRVY| it 7]& s o5
O F o]RojX7|Htt= tJRE CDR FIHS
o|]FojZ| 1L It} 7|& A= IA ¥l VAR FEE &
Uth AR = MRVE| JT FR4S X5

. 4= tdst CDR H¥ ¥E& ZEFolof 3
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MRV A|A S E4Jof thgt A=, DAC B 7]
3t MRV A= X A=l lek. AlA, CDR 3
O] MRV AAE =& W 12siof & ohgdt
= A9 ¢ FA3lstL, & FE=2 CDR Lo A
Ao g A3 B Aolnt. YA, CDR FZHo
MRV HHES 7l 9 A8 off A9 5= H-Eof of
Aot

F-ZuEtel A= DACCU 7|&o] tigh A7h A= QL
T} 55 R&DO| 7%, obd] dH7|& 7 @A o]l o]A]
at AR ASE AlZFehs SAIQL HE ARG B =
2 opF] AR Y 4 9t} ghHE, Wz R&DO AL,
DACCU®| tigt A 7|&2 7Esta, ol8 EH= g4
AEe] A5 A RS FHsH] Y8l A HRES Y
Stal o] & Tl AAE AEstal Ut tiE 2 olH
AN §43 AHE 29 Mkt 72 Atz it
27 U FE gaAPER] SeovAE
o HiESHARA FEAG o A 2022 AHA| HHES
AEstA L, WREC] SRAHA = Z3Th 7Ry At
= U] AR gl HiME R oa BA
&= HF(KCS, KCCI Carbon Standard)’o] HHES
IEstaLh 1 A3 WRiEe] 590 9 SFH U
<, DACCU 7]&0| tfgt #ilo] SE=HA DACCU 7|
<o 7I9ket ABEQEC] St UL, dut 7AES
gAaFHS B/ Al AA A= TS 2 3
th. webA|, DACCU 7]&9] 7|8ket AMste] =271 &
st Qlov, FAle ARISEY] 7P 4 81 AR
A ES st o]& S0= Zlo] fA] gth= Zo]
ot 53], sUiET QoA 2] DACCU 7|& A 48
7b A= As AQKRIHH, SAZe R FRlE A W
HES SQldts Zo] Basirh A48 A4S AnKE
H, DACCU 7]& 7|¥F9] A A (removal) AFY HHEE2 9
5 SAA s obF S0E A7 ik di4l, vl=
9] H2k(Verra)?} AYA9] ZEAEITIE(Gold Standard)
o T2 AdA gAY 9.2 DACCU 7| et
AHEC] 59 B HESO ok 22y, Syt
DACCU 7| FollA A gaAlgol HHES A&t
Al oFF] @itk o] et A&oflAl, =ol4 DACCU
71 ARISHE 913 MRV AlA| 2 T AR WRE i
of thet F& A obA AP YA YUt
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CCI, Carbon Reduction Certification Center)’7} A= o] 7|49 Ada =250 o
LPE T JTHKCS, 2025).
el Q1% FARA ALA AL 95 DA $2AZ-AS ANAS ATHT Aok



L7 [BAEE & EZ(DACCU) 7I& 7| BT Al HE =

old], & AT A& FF DACCU 7|& AHJeE At
HHE g Al ojmdt ARdEol P Eook s Ao
o HH BAYS) B3R} i, ofofl, A2 A CDR
¥ 9 DACCU 7]&9] MRV HA/f| tigt 7|12 A1ES
AT EI, o] FolA MRV AA 74 FEES EEHE
oA THA FEES =ESHAAF Ao A2 A2l A
&% o7l FES BHEE 2k, DACCU 7]<9

ot st 2 A 2 AE AT LS Be3 71d
RO7FELO} FFE Uit E B4 gArog ettt
ZA

E3H, o] £ 7] Qlef et 45 BEAbt 28] AH YO
o olo] gfat 24 W B0l elwgich 123 A4
ol DACCU 710l gt MRV AA] 67] 328
Bz, 2Ohet o Aie] A PHEe Bl
T2, I AT DACCU HEE e A] 18 AR
9 E&534 gtk Jel3 AsglAE B Aol U
2 Aot A AU PP wEotud ek

e
o X

olrom
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2.1. O|M=HEARIAH(CDR) HZEat MRV HA|

7188} 82 At AEAEE APt HsiA=
MRV W Eo] "asir;. 7]&9 iR A5 ARG
£ vl F(+)Y 2ATEA viEEFo| s W&
A Z¥(emission reduction) 7]&S Z-235lo] A 74E W&
< AAbst= W Eo] A& 19|, DACCU 7|&3
F2- o] ARSI AA A (CDR) FH-2 t715el oln] HiE

oA AE A A (removal)3tth= HojjA MRV  HF
22 Mg o AR ohE HRol 28 4 Utk

CDR FHZHo] tist MRV A= thFolA 18 &
Mo ZFP==d], olHT AF=EHE IA Y 7HA
SHE0| &2 4 Utk AR = CDR FEHolA MRV

ok it Wy oo

3) A UFoz i) Jgo]l £ CDR HIHo] g A4

A9 A9
O &2 ARY AT 5), 1T V) AA 23 B FRE H

2023).
NECE
5) g AT T

o] ZgtEH(Doney et al., 2025).

28, i) MRV H-& AZo] Q3 RES
g9, iii) HAst A%4 CDR FH(godid B1L3L, 2, A3HE F8he] AA A= dis] Tuizt Y9 A=
i MRV 4 7|& 7|9t Q8 So| A|A=EAH(Mercer and Burke,
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o] A F2/d0] FE=HH,
gFo] AA|Eth= Fo|th(Lebling et al., 2024; Mercer
and Burke, 2023).3) 2, MRV CDR H2H9| i 7|&
2 g3 AolA olAlEE: AARE AHoR B
of 7] AT A=, T84, AU Aol ZasiH,
T e MRVO) ]2 9@ ZREZS JusA 48
2 g x]xjojo} Fltta AFHTH(Lebling et al., 2024).
S7, CDR o] Tkt §450] Qi uh, 7+ 84
of HEEe 77ke] MRV E40] tjgt A7} ool
A3l 9tk EX] 7]8F CDR HH ] MRV AofA] Agof
7] (lifecycle) 719 3%F 71¥F CDR FH ] MRV 4
+H.,9 DAC 7] tigt MRV ¥ 5of tigt ko]
TH(Doney et al., 2025; Halloran et al., 2025; van der Spek
et al., 2025; Yao and Zhang, 2025). o83t AF1E Z+
SHAEE MRVE Z&5t: o] n&sjof & A4 a4
52 e
AA, CDR AZHo] MRVE £&3% rq1 1T 4
QA E0]|t}. Yao and Zhang (2025)9] 3%, A|AEH FA,
715s} Qg AE, vlo| A2k, #714, A4, AA A
A 717t % 715 (multi-functionality), Xﬂﬂ%ﬂ AA-7r
A4 B4 ol g Wl B34 9 9 Y ol AW
T}.6) Mercer and Burke (2023)9] F-$-, A% 7|171) =
glA3.9 A72, CDR 24 2 48, MRVE H=- 97
Sh7] %t Ao EA] o R, MRV T H|-E 52 A4
sk, 18] CDR Fowel AA%S w257 HolA
= Hlo|AEkRl 7|He] FrMda JtAdo] HEEofof o
+= o] ZzHr}. ¥ Yok, 7 CDR Ay 4]
oYz}, CDR FHE AA|H &2 AE5l= oA &
W 3T 9Hom, FAH, ke e4E AHa
&7, LT chaet SHSe] Het BA-we b
AJo] A|A =] lth(Bach et al., 2024).9 MRV Z}19] 344
848 FFEAH F7H Yo FRAE AAEHAS

o2 93t Axtael HA

RS

sjosty] 9is) R&D B 4%
A A9

%, ulol %}, BECCS, 4% %3} 2-80] =X/ CDRZ AF=h.
2, 7] A4 gF Ba 2Y, B3R AGA 58,

sFrlesH A= EFILE ), AdRR 4%, AT G2

6) °]= Yao and Zhang (2025)9] p. 119529] Table 13} p. 119539] Table 25 EU|2 &3t

7) A% 7172 AR A (permanence)S E7| Yol

8) ‘r(leakage) A7 (removal) AP0 1s) Akg} A Ao 9] ThE A FoIA Ha o] oRolL AL
15oto] ThE A|ge] AYe WAL A4 do] ool B
A&7hsHe Bk §e Aga Foje Az o] 4

of 2y A%
9) o174

Alo] olFo AL, AFuSe] 0

ZF7ML & 7]%0]9(net climatic benefits)S 2Ju|d}1l,

ojujgit. BAwe FsAe] ol YRS govemabilivE, Selte golz vhz A oo} olesAn. FA-ue A5HS T
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(Grubert and Talai, 2024).10)

UAl= MRV FHES st olE A &sk=
£95= Hgolth. & F&Ho] AFEHE olf= woF
MRV HHE 7d¥ 28 2o APt H-go] &29%
T, CDR 9 AFASE ZHAI7F o= 9 == 71 |
Folth(Mercer et al., 2024). &2 CDR FILHEO| Y4
oherstr] wiioll, ZF Ao MRV A Q5= A H]
€ 9 A& Hlgo] 2% gE + Uth(Kung et al,
2023, p. 4281).1) MRV H|-§Z Fol= dlof Q1o 7 &
ol 40] +ARE A B, B B84, A9
7+ #2390 BE 508 UET wEbA, MRV H[ES
£o]7] fIet A FFOo =, MRV A& AT HAY
9] /o] AR oA st FAA Aol o]F
oAl Utt.12)

webAl, CDR 4ol 7juete] Aeishe Aagstudt
StoHd, MRV AAE 2tt FHES SHstke A2 1
% Fastck ool Zkzte] FTWolth MRV $S A
3t HHA 5] o] FolA T lrk. Thket CDR M2
HO MRV A|A £9of Qlo] 18H= 845 A ml¢-
T, o] SOl 38202 AEEHE 924 84
< 3A Al 7HAZ A BaAp g

A HA= F714d(additionality)o]t}t. B} JUs] &}
Y 3747 Z7}4(environmental additionality)o|tt. UHt
Hog, AR A F7HIE “oluet A5 PFk 12t
5ol FAFS w0 FBHL Hlo]AE(baseline) T FTF
Aoz FHEE diE o]ojAof rE 273tk (Bach
et al., 2024, p. 4). 87| ZH3FFFH(UNFCCC, United
Nations Framework Convention on Climate Change) 5}°]
Aol M S5E A BEOE AS) WAHE 24
7t& HiE A Be AAY ST Aol SEEHA &
it s 2ke Aol SHOITHUNFCCC,
2025a). o= Atgo] ARHARl A oA HAIE &

- OO} -

0l¢3

= B o] 37149l el g SR AL o]
YTHKECO, 2021; Lee, 2025). Uzt Bi&dAHA
(K-ETS), H|g}, ZEAEICIE, UNFCCC ®5F o] 344
2714 wee) Be adez 278 UTKECO,
2021; Gold Standard, 2025; UNFCCC, 2025b). CDR H
W RIS B 7ML o, AAY 23T
< 9u]gtth(Bach et al., 2024, p. 1).13) 1Y, 37149
A2 AR HAUSAA 5174 4= 2ad=(3ZHR)o]
BAEA] QIR Sk AR, &, AE= AS5E0E0]
AA A5 89S §HY = thESf o gtrh= Zo]th(Oh
et al, 2022, p. 759).

944 214 S ANE e Anas
So] Fasit. A HERE HolAFel AUER
(baseline scenario)’ I ‘ZRAE AU E HA5I=
Zo] FQsir}. Ho|AgQlolgt 2ATIA HEARQIo] H
AN 499 W&ol gt 71 AvE] 0] (Oh et al,
2022, p. 764), ZRHE AUt LUTIA AFAIS
g A9e) wEF ArtelQolch weA, of
flog £l e AHoR Bag AE 3
AollA HiET A4 S ofti7hA] Hal ke
WS 245k ‘AIA" A A (system boundary)’ A7 o]t}
A" BAE A 5ol o8 d3FS B Ze HiE
L (sources), S5A(sinks) L A A A (reservoirs)E EJFS
o LAk viE 9 AAAFE AN WS Belshe
ZO|THUNFCCC, 2025b). o] AA= 792 S74staL Al
IR E AA s, FA Aol RastAY BT A
A9, EYE] JPAY EE E9 BaHIR ool
THUNFCCC, 2025b). A|AH] FA Q] o= ©AAR
oF B E3F 2po]7} Ueh14) CDR HEHoA <= A A F(net
removal) TSt 3|4 A ] (accounting) AL A A|AH H
AL g FR30, o8 FAE AY 27 el M
HiEET ofy et oy A Bdat A 48] 5 33T A

flo
ok
>
T

) Zvow st 24 dol Wss B34 999 9¥H0lT, thE Shik BanAY FAH BEle ojeige ous

Th(Bach et al., 2024, p.4).

10) FE/3(sufficiency)2 ‘B4 AAFo] WiEFS AHF o2 AHsir|d SEIVITE Qu]sict

11) DAC 7|5t 7]%£9] 4<%, &2 CDR FAZHO H|giAE MRVZF Aoz & 2 5 9l d& E0f, DACCS 7]&° digt MRV
A v 8L E 63 FLE(EY 12933d 9)E, £ 8|8 tjH] MRV H[LL 13%E VERGTHMercer et al., 2024, p. 8). 0] 2026
9 1Y 79, 9= 1 BT i8] 1,952.729 e 71F0 2 AXFETHDaum, 2026).

12) 1% AlA, 9AE A A, Al 7|9t dlo|g AF Z2A|A Fof| AQF = H8o] g YFH Q1 AEH]|(CAPEX) o] QT
4 Atk E3L ko] To] AQFE CDR FHEHO AL, dAHel disfiAs Exgolvt AlA deEa 22 *FH|(OPEX) AHo]
493 4 Qlrh. A 9 2gH]o] gt XY % ARG A 27] GA0 o]Fojd "7t lth(Mercer et al., 2024, p. 40).

13) oo tfgt Fo] YES HH, “the net increase of CO, sequestration”©]T}.

14) @A Aedzx WAUE AL, A EBAGE Q4ue
FetE S FHPTHUNFCCC, 2025¢). olo] wHl $-2lutet wiZAAHAK-ETS) 22AI90] A, AAH

Fotysl 24 9 olvA 5For WUE 24714 oFHer %

AE AEAEY =94,

AFA WY AR BA Sl e e B FFYCE HYFTHKECO, 2021). EEAMGEE 642 WAYUES] 92
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SR AT § BR(DACCU) 71 715t ELATRIS! Aflst ei2 &

Aol A A st= wiEHE ATt & AATS d5sh=
Ao|t}. o]o, A} H7HLife Cycle Assessment) 7|H}O]
A|AE AA A o] WA olth(Yao and Zhang, 2025, p.
11951). FAof, ‘Hlo] A=l Az WHE S 45t
1 &5t Ao] Sasttt ojwet Hoj Al HHES
AGot=7he FF HlolAaEel Ao 485 HE 1
g1 FF APE= HiEd F= A5 fEelth(Oh
et al., 2022, p. 764). OfX|9to g2 o] AgtQ] HIHEC]] 7]
Histo] Hlo| ARl HiEFE W ZRAE wjEE Aot
= gl e’ HolE 7t B ast v, Hloly FEE
E-1AQ FAZIEE 53l Brkste 2o 28T 4k
CH(Hayashi and Michaelowa, 2013).

T ¥R 924 Q4= J7-/d(permanence)olth. FHg
2 AA 522 Qs AAE 2A7IA7F 7= A=
A a1 A7IZE bS] AREE §4Z Quidith
(UNFCCC, 2024). o= A|AH g7t dupt 2253t of
719} AE|El =2+ CDR &59] 342 F24S A4}
= A4 AAoIt). &4 A AFSH A} Zol
A 4 ol fAEE FTA0l =2 ALY Aoy E
FAY A& AAY EQHEE YAH AAE Ud
THIEAGHG, 2024). o]+ ‘A& %50](leaky bucket) H &
2 H]$E7|E $tH(Mac Dowell et al., 2022, p. 2234).15)
wEhA], MRV A= s 7]eo] ©4E Ay o 7t
£ % QLAE B2 Bobshol shul, A0 1009
E 10004 ol9] A 717HE TR0 R A7AL o)
S 9k ol UAF Aol F7He 715 B
2 Eckes AE WA AIge|H(EAGHG, 2024
Lebling et al., 2024). E3}t, 142 SH5H7] Al ‘gA
(reversal)’o] T3t A HE 7 L9t oulgit}. A2
CDR FZHof| 7]9ket A A &5l oJsf th7]o)4] A A=
RE 2A7IA7E 4 B H|QEH O Hi7|E ThA|
Hi&5= 22 YUFTHUNFCCC, 2024). AFE g7}
f7)1F02 HEEHE dUoREE AR, ¥Eo), AW
=, By A 5 odstA SAR ojHg J9A AF

Fastel WANT GHA Qo] Het RE B wjE 2
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[e]
T

i

o PXSL Ggse AAZ BLH|HIEAGHG,
2024). Wb MRVE 9§74 Bl 7] 2UE AZe
EgHsfoF 5ful, woF ool W A9 ol RAk]
ol ApHe] TS ARE AYAEE HH E(buffer
pool)ol L} M 2 AR HARAE vale Aol
3 9 3}THIEAGHG, 2024; Lebling et al., 2024).

Al fiA= CDR ol 8T MRV A A2 H4A
I 87Fs/delth. WA, CDR FEHo MRV AAE
Aot A& o H42AQl Ho] Asith 11 of+=
F &2 S ocean alkalinity enhancement)L} 735He &
4 Z3H(enhanced rock weathering)2} ZH-2 7 A|AH]
(open-system) CDR FH I3t AABACNH B AA
7 Qoftuz, HHe 247 A50l e ol 2
g Ado] =7] wj&Eo]|th(Halloran et al., 2025; Lebling et
al,, 2024), o]2f3t BEHAHE Belat] o) AATL B
SR WS efste] B og WA APgsta, BiE

= =4 Agste] A= a3t IEA] s sfof
SITHCDR Mission, 2024; IEAGHG, 2024). $tH, CDR
el MRVE EAl0] 5871542 ghasop Tt
S TfshY EL olHolAT 14 H WA s
S H[§o g Q) FHACRE BT & AUtk AUA
FAS MRV 7|52 H-&& §5A1A CDR 7«9 &
A 4= AH(Mercer et al., 2024). WA HA4] 7]
, S tis S olsiEARTE A=E 5= Sl E0
TS HESIHARE BAZ R Y 7Hstt 8 7}

MRV 3S stz Zo] a5t ol &gt
Fob7]Eot, et B Jgetet =8 3

¢

X

7S
[e]

f
tlo

U wo off ox i
o

TH(Halloran et al., 2025).

2|5, CDR Ay SolA] %3 485 MRV A
£ g CDR FHHo] AA| 2AZFA ZH5of 7]ofskar
S Q5317] et a4 7]utolek. olof wheh CDR A
oA MRVo] thgt A= MRV $84, CDR F
o] &3h= Tkt 7€ MRV £4, CDR HZHo|

)

o [

A

L
T

L
L

rE of o

et

AAE AN 2L AL 27517 (Gold Standard, 2025), 53] 734

47o] YrE(eakagerS FASH] U3 Y AAYL FRATHGold Standard, 2025). Mk olsk 22l AA W MES A NEY
o, A7 dolA Ao Qs WA HiEE rEE A FEote] ek AT A Heick
15) ‘Al FEol(leaky bucket)y B TAE AYSH WARALO] Wt 1wt vkt od NS A7 vEde g 49

7] A% Bl A9E = Ao 94, A WA Feole &5

otx A8 A g= EES ¥solth S DACCS, BECCS 53

Zol AWskd At ¢S A0 I WT AW oA 474 2 West g S oudth oo, T A YEolt B2 9
2 S QAT TR FYOE Qs ol B WolAlch Hloloke go] Eqe] TAE AFSHAR Alztol ALkEA AN £
sislo] gavh o] 7l thol 9 ojudk nhXEto®, Al WA Eol: Al goldx mEt Yotk %, folut E%
Sa AAY Aol UAL WEdeh 2 AR U AgaE ©as 9ol o #ojths mdolthMacDowell e al, 2022,

p. 2234).
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TEHCoE AEE= MRV 484, 183 MRV U
2 Ao &g HE T tdotA olFoiFth
o] o4 CDR HHo| L= MRV L4484 9
SAIQ1 Al 744 YA g 4o tisiA AT ESITH CDR
Aol 7akel T ARAYS 25137 ke A
A= o]#gt MRV AA A9 245 1#sto] v
HEES 7EsfjoF ot vl MRV 7/ 84= M- o
TFoidoleta & 4= Qlth

2.2 DACCU 7% 7[dt Z=ARIC] MRV M| U &
FHQA

CDR HIH JoA= & ==2oA FHe Fe
‘DACCU 7]&” ApAlof| tigt MRV &/ At BA] 9t
71 o]f<= CDR HIHoA 7 Iils He= 71e2 29
Az, Bio] @A, Ho] QoA A F]- AFHBECCS), 7
3hel 9bA Z3512k8(enhanced rock weathering), “12]11 t)7]
A HSEAZZ]- A ZHDACCS, direct air carbon capture and
storage)°|7] WlZo]th. DACCU 7]&of thet thFE2o] oA+
= HRE 78 S0k B /e AS53ES A9
< 4]0 & FtH(Ahmad et al,, 2026). Z1&H], DACCU 7|
< 7|8 ARISE 919 A% 7N 52 vRAE AL Qltk WA,
=7t & A oA B ZEEFo] FH|HI Qi
=7F HEoA {4, vl= AUTRE SAeE e Y
2 95 20} o]RojA T Qd], REACE UL Ba
AAJNESZH YL (CRCF, Carbon Removal Certification
Framework)E AYotG=rl, o710 BAAEA % (carbon
storage in products)0] E3JFE|JATHEU, 2024).16 A4 g
W2 7]t Bt R FYA|(IPCO)Y IPCC Y
£ Aol DAC 7|0] oF2] 23= o] Q1A oL, 2027
o] CDR/CCUS HHE 214 7o) 68 38Eo] DAC7}
3= o] k1N ELE, F7F 2ATEA QMIEY T AR
ol= CO, Aol thgt ARgto]l x3tE|o] U= AEith(van
der Spek et al., 2025).

DACCU 7]&o] tigt MRVE} #&sto], 7]& A+ %
gglao] S BaAg A4S HHE 4% 58 &

7@

-

=

Ml

:

o

i o

& DACCU 7]&0] 318 MRV 847} oj417}4]

oy

o[Ziot - 0|4

= % 9ok o7 M BE 2Md ALolN ARges
T AL FA 4, Holagkl Aueest mg
A Ao 474 HEE, dols 42 dre TR
1A} 3k AA, Al2" FA9] A4 otk DACCU 7%
ol ZFH AL 71 ZHEF(DAC, direct air capture)
N4g HHE, o] 714 ALFE oI ool
A 4Pz 5o ALEE U Y] AP} &
&S A5 A7 DAC ZA|7}F 1E9] COE A
A3 oA 04E29] CO,7} 7MY WS HTHA

sl FESHAl AHgsioF sk, ofof HubErt 7]Hte]
A|AEH AA AAo] "aAoltk(Yao and Zhang, 2025).
&, ojAkatet4 =y AH] AHA et 292 A AY HiE
Ho® XFEH, DAC HH| 7hso] Rt Yt Mg
g oA gito g Qg HiE BE HEFOA A
& B= FET2E A7 ol ¥IEA] 3ZotE|ofof gt
THGold Standard, 2025; Lee, 2025; Verra, 2024). H|2}2]
DAC HHYZ AHES B, DAC Av|®, FZ7], 44,
A= 59 FAE A7/EE A siEYeE A =
StcH(Verra, 2024). 18]11 AR 9 AEH(HZ/2%),
] YREANY AAEHEAYHY) e 2R R
FESIo] Hi APGSIESE 8 73HH(Verra, 2024).18) XY
, &8 S99 V&S AnHEY, TS oAgEAE

B o

_T_)':_

% P L5 o F FAEY E-fuel FOE TGS
£ 243 o] A 3ol RASE 27 oA G4 A
o A

lofl et=]ofof gt
T+ HAR 3T MRV 4 Q4= Ho]AEkel Al
2l A% ®HEclth. oA St wiel go] Ho] gt
A AlUEleE S5H A &0l /IS 4% TS
Ao didHe e HEE Yy 247 s
F E= AAZOITHUNFCCC, 2025¢). °l= AFIZ 3]
SE &5 4572 A At Ve 98 @
o v g Aedx wAYS T2|al ATE gl
EEAHOEE HojAE] A WHECR XH7HE7
<, WIAULE, B QA HEF 5 sk e A2
W Adfof 5h, 2 d Hojadl2 Hapzow 4

I

l6) F&JEAGL W75 Ee BEHE @48 25t 2 ALHE AFl Ha 3593 AgsiaL ol oig dF ZUHY Y <

Zo| 7153t &5 9u|SHH(EU, 2024, Chapter 1, Article 2(i)).

17) 20259 1090 7HZE IPCC A63%F F3lolA CDR/CCUS WHE HA 2Hg T3] dis) =27k AL olo] w=k DAC 7]&0]
WHE 274 /0 ZFEAGIPCC, 2025, p. 6). T DACCSRIA] ofY® DACCUQIAE FAS}=A] ¥k EZolat o4t

A Al

18) oj7]4] Lok PR (leakage)= 2AZFA HIE HY 99 FFTIAM U= S
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A= 7|Z2HYX(BAU, Business-as-usual) =& Hc}h o}
of sittal Q- 3SItH(Gold Standard, 2025; UNFCCC,
2025¢).19) f-2uto A DACCU 7|& AFA Alt AFfol
Sigstal, ofF] FAIH o QIAH= W Eo] Atk
HollA of#2E A Uk Sy EiEEAHA
(K-ETS) Z-&A -] =, Ho|AzRl AU 7} 5
ZA] o]Ho] Aok AT HiESAIE L] THA HllE o]
Elof] A sjoF sh, AlFANYS Hlo] ARl Ay e A%
Al ALFhe Yoz gttt A= o] QITHKECO, 2021;
Lee, 2025).20) ©] 1o}7}, K-ETS ZER|Zol= DACCU At
A A5 L3RI AA R 2T 5 = Aol ¢l

ot SHE, SAERARE AR wE g Aedax WAUS,

Zo A"t Wgls DACCUE ‘Al %oz w§3ls]
Q1A FFHUNFCCC, 2024; Verra, 2024).2) A|A &%-9] |

o| Az, thA] ol ARQlo] YUUTHA th7]oA AA
Re T2 0ot} TehA S “(HlolAaEel ‘07 +
A AAD) - (A BiE®) = = Al A (net removal)”
02 AAHETHUNFCCC, 2024). Hlo]Azkel AJuta] Q. |
HEC] AE5TFS ALt 913t 7IEAClgd, T2AE
Az PHES AA A e W ddEE wiET
AAGS AAFs7] 1ol

Al #1484 IS AP 9 HiEA o] et
tlo|E &, o] ‘Hlol¥ 40| 523 840t} Ho]Agt
Q HiET, AMY HiE®, 7 A4t AHEE= HlolEH =
Frg5tA A= ofoF st HUEHE I FFHotof g
tH(Song and Heo, 2007, p. 110). TtE|HA AH6.4% W
Y&} SEAMUE= A4S A4te] a3 BE 7MY,
7S, HolE EX4E WAIstL, HolE Y B
A Agst, 43 FHES 9 FHHE(QA/QC,
quality assurance & quality control) X5 %38 AL
Q35K (Gold Standard, 2025; UNFCCC, 2024). K-ETS
QIEAIAL TlolH 9 M4 5HZ U o= 5, AEH
A1) A-8-S AZA S| ARRITHKECO, 2021). E3, W
E2 11 AA-HolE et HYE Y QIARHolHE B9l
TEsko] AAIsoF SFEHKECO, 2021). Hlghs RUE
3t RE miHSE AR B2 ATei, ZF QAE R
HlolE &9, &4, 74 U, ZUEE 371, QA/QC &
A2 AR R A ATTHVerra, 2024). DACCU A9

i,

MRVi= CO, 2T o||A] BJFE 4 =
o 8L T vk olo] Higt ‘A FA4o] aHn
(Gold Standard, 2025; Lee, 2025; Verra, 2024). H|2k= ¥
=AMl PAH0E wUHYSEE a7t
(Verra, 2024, p. 25). 3L, AMEEl= {57, A8EA 5
BE AZ71E KETS 9 ek =AU a7
of wet 7149 H 1w wrotop FHHKECO, 2021;
Verra, 2024).

Ul A A4 84 I D I9H gaFolnh HiE
A7} (emission reduction) A& & O+FE= K-ETS 35
A7 9 A Az AA Aol 558 974 9 4
223 e 4ol WAEel A SEHKECO, 2021;
Lee, 2025). ¥HH, AA 5 thF+= He A4 #& %
HES BIEA] A9 A E thFolok 5, JH ZAd
o3 &zt oot fA BY WAUSS olwskic
(Gold Standard, 2025; UNFCCC, 2024; Verra, 2024). T}2]
A A64zx HAUSY ZEAHOEE 31 753 o
A7 3n EVFsT 9HE FE5HH(Gold  Standard,
2025; UNFCCC, 2024), 3|1 753t A0 fisjAe A
AR} BAF QS A 2 QITHUNFCCC, 2024). DACCU
A SRS AL Butilization) 419 FTAo]
ot ZE COE ZIYE 5ol BEI6t] A st= A
L LA A A (durable storage)O. &2 7H5E 4 QloH,
o] 7% UNFCCC, BEAHILE, Hleh E20] ujet o4
gaz grh 9 Hy E Ay diide] "IHJICcveMm,
2024). stA|9F ZHUE CO,E E-fuel, Eet2EH, EARS R
S @71z Hell ti712 oA BEEE @71 A% AlEl
P8l AL 971 Ao ot mepA ojelst
7 AR FEAE AA e WA A JTAL
314 ESIEE, UNFCCC, EEAETE, Hj2}h stof
A AA FEHReR AT 4§ YUTHGold Standard,
2025; UNFCCC, 2024).

oA WA Rat B8 3714 Aee 3t
‘groltt. o= WA A=A F7HY, BAA F7Hd, HEAd
BHolgk Tk WIS BEHOR ALSETHGol
Standard, 2025; KECO, 2021; UNFCCC, 2025a). TSt =
EARGESE UNFCCCE ol E50] 87|48 wa
HoFd 748 TABHlock-in)s}A] Slotof B a7t

19) -2zt BEAANA(K-ETS) FARIY] B, AP 2471 7P 2 S Holagdd AUl s AAs|oF s, whof d3yg

&7} 7P 2 digel | ol A, WEdel 7P FA AteE

& e WS Ad™sior FEHKECO, 2021).

20) AFAGS] A9 olaetel Al e ARS A gheths olmjolc.
21) ¥2ke] VMDO0s6 4] A3 DAC A4S WAHOR 5§, o] A% wolxzele o] He.

http://www.jccr.re.kr
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(Gold Standard, 2025; UNFCCC, 2025a). DACCU At9-2
HE BEOA FEet F7H3E 7HE & Qv §E 7%
d SHoA, @A ojd =7l A% DACCUE ofF3}st
= Hite EASHA Y=t BAA F7H SHoA,
DACCUE tCOF ¥ g0 gol= wfish 7] &4
H9} ofufx] &Fu7E AQEHE, YT 9 glol=
A7HA Brdgol A gle2 Hes] T8 5 AUrh(Lee,
2025). HEA B4 SHA, DACCUE A AlAZCZ
Z27] &4 7ol = oA HHZ #do] A5 of
YtHGold Standard, 2025).
mAe o5 WA RAL SAEE 3T Ol 4E
" =

A} Sk AP A} Aatol| Fate) 3
U= WP R, AR ALY A T8
GH k= b E42]olth(Lee, 2025). T HA A6.4%
AUEY A%, PHE 52 EAH(methodology approval
process)E AAH O R HO|sh=H], o]:= AMEEHE WHE
o] Al6.4x HAUZSY QFA}S FE=AIE 7Ie A
£ 9]993](Technical Advisory Body)2] A&7} AES} 7+
7] (Supervisory Body)2] 591 &3l &elsk= AA
2 Q1 I o|tHUNFCCC, 2024). K-ETS &JFARYS A7
= W7ol AR AIstAY, AFAAE B ARIA
S A}t A Al HHES Afbsk=s F 7HA AE27F 9l
THLee, 2025). FEAHTIE GA] AMRES 2 E= 7
2} Fx F 714 E#o| JtH(Gold Standard, 2023).22) H]
gh= ol TAR HHE ofoltyo] EE A|&Sto] i
S ARt A 3 A 4= Lo, HEE 59
A7t AE 4 35 F9E 2ot A4 Y #EE 5
Toba ) sich(Verra, 2025). DACCU AFYQ] B Z
i 2R Awrit 4] g2 Highe idE W
22 oln] B85k =], VM00498t= CCS Z& |
£ o}, VMDO0056 (DAC Z3) BE, VMD0058(X| %
) BE, 191 fEEel BES BE(VMDO0XX)=
Qlsto] AlE3tth(Verra, 2024).23) AMGALE o] 5Q1E &
EE2 XUt A AIEE 55T 5= ok Ale.4x T
AYST SEARMTEE off 5905 DACCU A8
HEo] Bt v, Al HHE WY AXE AAoF gt
T4StH, CDR HEH o ARISEE 95 €83 MRV
FEI AL o] e GukERl A= S8 E] e

=

O
oy 2 ot oE N

i

- OO} -

0l¢3

o, A8 AE 7]&S F402 3 MRV d7% WP= o]
ok a8y AA 7]& AEREe] IHA MRV 845
ARISE Bi 2] AdA o2 #goh= Wjtol tigt A+
L opx R=E3} AEth. £3], DACCU 7|49 A%,
MRVO] gt 37} Agt2 o @ o]FojA g} A3
g4 A% WolAl DACCU 7]8F MRV ¥ Eo] A1 7j
1A 25 7 9l oL}, DACCUE AR 7]&E= EXo] A}
ojsto] 7|& WHES IR = HEHoF Fga}/|
ol A7} &A%t} WA, DACCU 7|& 7HdAS]
Aol A AtSt B ES AAT o MRV 848 oj¥
A FAHCE HLT ARIA, a2 I oA o
St TAIA7E A= o tigt Bt A o]y A
29l A7F "asirta & 5= Qlth

%

=]
24

w

& 97 DACCU 7]&o| 7|9tsto] & A 5E &
H3l7] 9I7t AFQistoll HIEA] B adt A WHE =&
2 € 94, CDR R AtolA AR W&

=23 B8], MRVE] 5874, 5% CDR HIH
yFojof & MRV 87, 183 MRV HES W3
el Zagt FHA AYAR}o] oEojF EJ,
DACCU 7|& A, 1= oloF & MRV 87E°]
o thRolzlon, & ATolds A AR 7R A
gsteiet. 19, 7]€9] A= DACCU 7|4 AHdS}]
Z Q% MRV 8710] F3iQIxof tisiA ol AR
AR 719E0] ol2fet 8AES EUE AY THE N
o Ao1A ofEA HEsoF st A I ol a4rt
FoAA disiAls ol YA et

AAZ, $FuelA DACCU 7]« #¥ 7 R&D7}
FEIL lon, F& ASAAS =Rk ok E A

O

=
=:|
=
=

S

Ol

O & DACCU 7|&< 73t 9zt 7|42 &R
FAAS ABEA B AYS DR AAH
A HES ARk ook Teid, A Aol
T uiol o), ol 71%jo] AT ALY YHEo] =
How QPEE MRV 223 FeHer] o=, A
ME AN oA Wemelt ol ad, BaAol
HPHE 590 o, E 590 43 2 U9 8,
5 932 A Pro] s A7E vt gick. of

= Q0o 2 X

H

o

olf _>|:

22) FEEAHGES] A9, AR Fr A AN RE AE, PHE 2o 24, AR=/AAE AE, olsiEAR Jisd, HFdL, 7

SAEYS] 590 £4E5 WETHGold Standard, 2023).

23) VMDO00XX®| 7% ot SEHE27t Foisx] g2 “@A) ALF”
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ol ¥l Zo|ch(Verra, 2024).



L7 [BAEE & EZ(DACCU) 7I& 7| BT Al HE =

ofl, & A7l A= Uzt DACCU 7]& 7]yt 7]?3501
A WM 2L R H o ke ) gl BAES
mpotstyl e omgt FR FFo] FRFHA *ehl%l‘iLZ}
Qtt}. o]F $I8l, DACCU 7] Aristo] E 23t MRV A
Ao} oA 7HA] QRI0= i) AA’] FA A, ii) Ho]At
Al AU L, iii) HlolH %"é, iv) (833 F7Hd= A9
) F7HE, v) I8 R A 2=, 9 vi) =4 E
+ APee sHe= A}‘”t‘“ﬂi M A AHFES
Table 13} Zo] A7gstaat gitt. & FEE2 7/EEH 02
EAshY A9, A& 1935] SHEE DACCU A9 2
% A (reality) S FFA 08 WL
5 ATE AT fgors Z9rRjEe} shEe|uA
né A5t 1 ol $Elue DACCU 7190l 2
Zo|H, I ZoAEZ AHAHOoR A HIHE AL
%aom SAaAo] e HHES AEcte] 59
Al=gt 7144 o & 7 ZIdel EXst] wiizol
t}24) o] £ 7 7192 S DACCU 4] AYeiA| =43}
71eAHE B3 Badld 1YS AEskn Yok 29
7hEite] Ae-, =W sS4V R, I $4 71 &
FA|(KLC)E 7|Hro2 ISE/QJ(SOO kg/¥ E+= 180E/9)
CO, o] 73t DACCU 7l&2 IUiolA Hzx= 4
ST olgEZ 7ML . & 7l W 29Tkt

o

i
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o
0

[e]
T

i

Y 95 SAAAQL a&ﬂltﬂﬂ%’% HiEdAHA <
Ao AMY W E 558 20224 AlEsk ot W
£ 5U°= olojA A= aﬂt} SHH, ZHEOYAjit= &

4-37] Ad=5HA] 7|9 DACCU 7]%% Hig o g2 A
Q A}9] 100 kg/d CO, T AL EYZ tffstAl23] 9]
A A EAAZHKCS)O A}ﬁ UHES A&t
1 A7 20249 108 A HHE Q1S 9 550 o]F0]
At & 71YES Table 29} o] e|d 5= Qlt}. o] &=
7192 BYe DACCUEH: 7]&toll &oHA]Rt A5 7]
&, 7|45 FE, A THE AESA QT SRR
I A SR FolA Zpe]7t Ql= HE o] F A 7]
Ao FHES ddHo= Hwstil & =5t A

AdA] ket oih, MRV AA BL-TLQ& A5 7HA] %
o disiA = 7 71hdo] olBA HIREAE et

Blwgo 24, Sy DACCU 7% A}%*z}oﬂ 193 g
YR PHE WY 78 Aeke] EEd 4= Aot
_1;]_01—1;].

5 AL A7) 27) 719 O, DACCU 7|4 A
HE ML Al 28T 67 FES SHOE 2219
XS HEZAE AHoz Ak, ojd 7|uket o
A BAS 519t o] ETiE, 2025 8¥of A
FAZS WA 7199 712 AR, 7= i, U

2 v

o_”‘_i.o

4
ﬂl

S

> 18 1Y 2
i B

S M

Table 1. Considerations for developing DACCU technology business methodologies

Elements for MRV

What needs to be considered

System boundary

Has the scope for calculating greenhouse gas emissions and removals been clearly defined,

including all sources, sinks, and reservoirs (SSR) affected by the business activities?

Environmental Baseline scenario

Additionality business activity?

Did you provide a scientific and logical justification for the greenhouse gas emissions or

removals from sources and/or sinks that would have occurred in the absence of the registered

Data quality

Have all assumptions, parameters, and data sources required for the mitigation calculation
been specified, has data uncertainty been accounted for, and have appropriate quality

assurance and quality control procedures been included?

Permanence &

Reversal risk management

Has the characteristic that CO, removed through removal activities is not re-released into the
atmosphere but is safely stored for the long term been scientifically proven, and has the

reliability of that data been secured?

Additionality

(other than environmental additionality)

Does the project demonstrate that it was undertaken as part of additional efforts beyond what

would be undertaken under normal business conditions?

Alignment with

international standards

Does the domestically developed project methodology align with the existing rules and

procedures of the international carbon market it intends to register with in the future?

Source: Formulated by the authors based on the section 2.2

24) 971 F CO, o] obd AdujEANA 25t A%

oret.

EL F8aks YHSl CCUs 719 Al B4 tigoR s ¢
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Table 2. DACCU technology commercialization methodology development company

Firms Low Carbon Carbon Energy
. Domestic small and medium-sized enterprise Domestic startup
Firm scale . . . .
(Established in 2016) (Established in 2022)
Wet-based CO, capture Electrochemical (fuel cell) based CO,
Technology - Capture with wet alkaline capture absorbent | - Simultaneous electrochemical-based process of capturing
type (KLC) CO, and generating power with metal-air battery
- Utilization through permanent sequestration using | - Utilization by (D afore-mentioned power generation and
concrete @ through solid carbonate acquisition

Mineral carbonation and its application to concrete
@ Metal carbonate

(pavement blocks) o .
- Solidification upon capture

Generated products - Mixing CO, into concrete/blocks )
— Long-term fixation as carbonate

— Strength enhancement o
@ Electricity produced by fuel cells

— Permanent CO, sequestration

- Capture scale: 500 kg/day (180 ton/year) - Capture scale: 100 kg/year

. - Type: Zero C 15T (Modular System) - Commercialization target: 1,000 ton/year in 2029
Demonstration scale ; . . . . .
- Site: Gangjin Bay Ecological Park Paving Block | - Type: Pilot demonstration

Installation - Site: Lab
L Electrochemical-based approach
Distinction from Development of CO, capture agent (KLC Scrubber) 3 1
-3in rocess:
existing DAC - 10 times higher performance of amine-based P . .
. Capture, power generation, and solid resource
technologies systems .
generation
. Mandatory Carbon Market Voluntary Carbon Market
Project methodology o .
brmissi - Korea Energy Agency’s Emissions Trading | - Korea Chamber of Commerce and Industry (KCCI)’s
submission
Scheme External Projects Carbon Standard?5)
Approval of No approval
PP . . PP Approval & Registration
methodologies (Withdrawal)

Source: Formulated by the authors based on preliminary research on and prior interviews with two firms

2 A o] gt 75t 2A2 AP B5 MRV 2 A 21 9 234 u]m-R sk o vl 2
AAY 64 RAFHE FHOE, 7|9450] A2 ogA  BoAE F7} lo] WRsHAL PRIE FEG Hio|
ek e Aol tho) ALPoR AASHE WA dedE SUAE o 7t A0S BaA gee

o 2

o =
YURNe)
A

oz AP A P B, 7 7ol o F  serstainh. 5 apgeld 71Qle] vmEAS fs) A
5 71710 e GHE A A AABEA R, 7 FE AR BB Table 35} 2tk 5 ATE 4T 559
o hSEE FUE MY BES FARSA R, EF ARl 4nE Frslgor, § AU i /¢
7 g5o] Sgsi Antmol A WHEe] WAHAE 59 719 YRR el AL AAR v 1 A

A o198 A=A o] I BEHT AFEN B & Welste] BN IS Ao
AL 571 Qe Fo) B8-S metsAt w0l 6

A Fedz gestol 27 71992 HEst). o] Az 4. BN
o =iz, TEAI 94 SUe HoslgL, olF
92 67 FES 2] o ARG ANYRES 525 41 AAH 2

AL, o5 Ediz ASAU Aol ALAHU. olF,

202549 1090] 23} ABxAF Awoz A=t o] A" A AR ASAE Al AEF A fIRE
= B2, o/f =Y 9 qRgEEs o) 7o) vy THE 2789 A NA AR, 5 =53 FHste], Al

25) OkA}Z KCSehy Rac)

Journal of Climate Change Research 2026, Vol. 17, No. 2



439

comprehensive

ZIEMH7 [BAEE & EZ(DACCU) 7I& 7|H BT AYet WHE =5 26 FHH ¢
Table 3. Specific elements and checkpoints for six MRV elements
Elements for MRV Specific elements
- Scope-setting
- (@ Physical boundary: What elements are considered?
- @ Greenhouse gas emission sources within the boundary:
What elements are considered?
project emissions, reversal emissios items,

System
boundary

baseline emissions,

(ex:

consideration of fugitive emissions)
- Presentation of scope-relevant conditions
- Whether applicable or inapplicable condiditions are defined and clearly presented or not.

Baseline
scenario

Environmental
Additionality

- Whether the concepts of removal and emission avoidance are recognized and inlcuded or not.

- Concept
Whether the firm explicitly presents specific assumptions or not.

- Baseline scenario
Whether baseline calculation formulas are presented or not.
- Whether fixed factors and corresponding data are defined or not.

- Data source

- What are the size and specifications of the facility where the data is collected?

- Data Measurement Targets
procedures, and data sources are clearly defined or not

- Whether the measurement targets, measurement methods, data units, recording cycles, QA/QC
- Whether the variables relevant to the reduction calculations are clearly presented or not.

- Data source
- Data Longevity, Continuity, and Actual Measurement

Data quality
- Whether the firm obtain continuous measurement data covering a period of at least 12 months,

as required by the certification body
- External Consulting Equivalent to Third-Party Verification

- Whether verification by a third-party or not

- Permanence & Reversal Risk Rules

- Whether the firm recognizes the significance of permanence and reversal risk or not
- Whether the firm understands the current status of relevant domestic/international systems or not

- Addressing Permanence Items in Methodology
- Whether the final outputs from carbon removal activities are permanent in terms of technical

characteristics or not
- What is the basis for its permanence?
Whether the company is prepared to address permanence and reversal risk management in

- Whether the firm recognize the significance of permanence and reversal risk or not
- International Carbon Market Entry Consideration
anticipation of its future entry into the international carbon market or not

Permanence &
Reversal risk management

- Requirement from the carbon market where project methodology was submitted

- Is legal and institutional additionality required?
- Is there any other additionality requirements?

- Verification of required additionalities
- Whether the firm analyzes legal and institutional additionality or not
- Whether the firm analyzes other additionalities (economic, universal etc.) or not
http://www.jccr.re.kr

Additionality

(other than environmental
additionality)
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. . or not
Alignment with

international standards

Compliance with international project methodologies.
- Whether the methdology is developed based on ISO 14040/14044 Life Cycle Assessment (LCA)

- Whether the firm refers to approved methodologies in the voluntary carbon market or not
- What other references are applied?
- The difficulty of achieving full alignment with the methodology

- whether firm’s technology used differs from those employed in international methodologies.

Source: Formulated by the authors
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Table 4. System boundary

EE(DACCU) 7= 7| BT Alet 4

2 TE2 Set HHE oI 441

Low Carbon

Carbon Energy

- (Scope-setting)
(D Physical Boundary
- CO, capture facility operation phase

End-user utilization phase of capture products (mineral

carbonation and concrete)

Geographic aspect (indirect specification of domestic /

international geographic boundaries via national power

emission factor adoption)

Greenhouse gas emission sources within the boundary
- Baseline emissions (No separate emission sources specified;
national GHG statistics used)

- Project emissions (GHG emissions from fossil fuel/electricity

use

- Reversal emissions items

- Partially considers fugitive emissions

: Does not consider upstream emissions during the installation
phase of capture equipment
from transfer line-related

Considers fugitive emissions

equipment and during the injection process. However,

emission factors for the upstream phase were not applied

- (The way scope-relevant conditions are presented)

- Insufficient definition and setting of applicable and inapplicable
conditions based on equipment life-span, project boundaries, and
methodological characteristics
Omission of justification and source documentation for all
conditions, leading to request for revision and supplementation

by the certification body

- (Scope-setting) System boundary based on life cycle assessment
LCa)
(D Physical Boundary
- CO, capture facility installation phase (Construction materials
and energy use, waste discharge)

- CO, capture facility operation phase

- End-user utilization phase of capture products (metal carbonate

+ electricity)

Geographic Aspect

(Indirect _specification of domestic /

international geographic boundaries via adoption of ‘k-country’

power emission factors)27)

@ Greenhouse gas emission sources within the boundary
- Baseline Emissions (CO, treated via DACCU capture process,
greenhouse gas emissions from power generation, greenhouse
gas emissions from fossil fuel use)

Project emissions (greenhouse gas emissions from fossil

fuel/heat/electricity use)

Emission reductions from substitution effects (substitution
effects based on the use of project deliverables, e.g., replacing
existing industrial raw materials)

- Reversal emissions items

- Comprehensive consideration of fugitive emissions

Application of upstream emission factors related to
construction materials, energy use, waste generation, land-use
changes, and relocation of existing facilities during the

facility construction phase

- (The way scope-relevant conditions are presented)
Clear presentation of five applicable conditions and three
inapplicable conditions based on facility life-span, project
boundaries, and methodology characteristics
- Reasonable presentation of the necessity for boundary condition
setting and relevant sources
- Conformance with the methodology application conditions of the
‘KCS Reduction Performance Methodology Evaluation/Checklist’
- Presentation of representative greenhouse gases per emission

source (CO,, CHs, N,O)

Source: Author’s summary based on the main text

Note: Common points between the two firms are underlined.
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Table 5. Baseline scenario
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Low Carbon

Carbon Energy

- (Concept)

- The concepts of removal and emission avoidance are recognized and

(Concept)

- The concepts of removal and emission avoidance are recognized and

included in the baseline and project scenarios.

- The concepts of removal and emission avoidance are not specified

in the baseline calculation formula.

(Baseline Scenario)

- There was no explicit presentation of a specific assumption (baseline
scenario) regarding the emissions that would have occurred if the
DACCU project had not been implemented

- The baseline calculation formula is also absent.

— The firm received a request from the certification body to
the The body
recommended to present the procedure for selecting the baseline
scenario according to “CDM TOOLO02: Combined tool to

identify the baseline scenario and demonstrate additionality”.

review baseline  scenario. certification

- Fixed factors and corresponding data applied using single emission
statistics data
— Instead of presenting a baseline emissions calculation formula,
statistical figures from the manufacturing and construction
sectors were cited by referring to the sector-specific emissions
trend tables in the National Greenhouse Gas Statistics
— The firm was requested by the certification body to present

monitoring methods for each factor and data

included in the baseline and project scenarios.

- The concepts of removal and emission avoidance are specified in

the baseline calculation formula.

(Baseline Scenario)

- The firm explicitly presents examples of the situation that would

have occurred (baseline scenario) if the DACCU project had not

been implemented

- Various calculation formulas are presented for each item based on

the baseline scenario

- Fixed factors and relevant data are defined, and their sources are

cited.

- Consistency with system boundaries is ensured.

- Prior to the submission of project methodology to the certification

body, prior confirmation of the baseline scenario's logical validity

was confirmed through verification by a third-party institution29).

Source: Author’s summary based on the main text

Note: Common points between the two firms are underlined.
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Table 6. Data quality
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Low Carbon

Carbon Energy

- (Data Source) Approach based on
actual small-scale demonstration

(daily CO; capture capacity of 500kg)

- (Data Measurement Targets) Lack of systematic definition for |-

methods, units, recording cycles, QA/QC

measurement targets,

procedures, and data sources

- (Emission factors) Variables* related to reduction calculation are
presented only within the project scenario
* Examples: Power consumption emission factor, fossil fuel usage

emission factor

- (Data Longevity, Continuity, and Actual Measurement)
- Difficulty in securing ‘continuous annual data* based on one year

of facility operation’ as required by the mandatory carbon market

* Examples: Annual capture volume, annual electricity usage,

annual emissions, etc.

- Some data prepared based on estimates

- (External Consulting Equivalent to Third-Party Verification)

- No external consulting was made.

- (Data Source) Approach based on
lab-scale demonstration

(annual CO, capture performance of 100kg)

(Data Measurement Targets) Specific definition of measurement
targets, methods, units, recording cycles, QA/QC procedures, and

data sources for data measurement parameters

- (Emission Factors) Clear presentation of all variables* related to
reduction calculation without omission
* Examples: Emission factor for production electricity, emission

factor for carbon capture by-products, etc.

- (Data Longevity, Continuity, and Actual Measurement)
Obtain annual data by estimating monthly lab-scale actual

measurement data through quantitative evaluation of scale-up

scenarios

- (External Consulting Equivalent to Third-Party Verification)

- Auditing was completed.

Source: Author’s summary based on the main text

Note: Common points between the two firms are underlined.
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Table 7. Permanence and reversal risk

Low Carbon

Carbon Energy

- (Permanence & Reversal Risk Rules)

- Recognition of significance

- Understanding the status of domestic/international systems

- (Addressing Permanence Items in Methodology)

- (Technical Characteristics) Based on the assumption that solid

- (Permanence & Reversal Risk Rules)

- Recognition of significance

- Understanding the status of domestic/international systems

- (Addressing Permanence Items in Methodology)

-+ (Technical Characteristics) Based on the assumption that solid

carbonates possess relatively high permanence

- (Basis) Simple statement of no leakage based on references such

as international methodologies and research papers

- No additional data collection for long-term safety verification

- (Intermational Carbon Market Entry Consideration) Project methodology

was developed primarily for registration under the domestic
emissions trading scheme’s external projects, thus the firm does not
consider the permanence risk management systems required by

international carbon markets.

carbonates possess relatively high permanence

- (Basis) Simple statement on the assumption no risk, given the

absence of separate guidelines on carbonate reversal risk within
domestic regulatory conditions

- No additional data collection for long-term safety verification

- (International Carbon Market Entry Consideration) The firm recognizes

that securing additional long-term stability verification data for solid
carbonates is a task required for future international carbon market

certification.

Source: Author’s summary based on the main text

Note: Common points between the two firms are underlined.
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Table 8. Additionality (other than environmental additionality)

Low Carbon

Carbon Energy

- Requirement from the carbon market where project methodology
was submitted:

- Legal and institutional additionality

- Economic additionality

- Verification of required additionalities above
- No analysis of legal and institutional additionality

- No analysis of economic additionality

- Requirement from the carbon market where project methodology

was submitted:

- Legal and institutional additionality

- Universal additionality

- Verification of required additionalities above

- Legal and institutional additionality was verified.

— However, the firm’s analysis was for the approval of
methodology, not for the project approval, the certification
body will recheck based on the legal & institutional

standards applicable at the time of actual project
implementation when the corresponding mitigation credits are
generated.
- No anlaysis of universal additionality
— As the third-party verifier evaluates the methodology, not the
project, the absence of analyses on legal & institutional
additionality and universal additionality is acceptable at this
stage. However, it is recommended to present the relevant
criteria and results of additionality analysis when submitting

future project plans.

Source: Author’s summary based on the main text

Note: Common points between the two firms are underlined.

S Q3 (Gold Standard, 2025, p. 8; UNFCCC,
2025a, p. 12).

ofg} 2719l A%, £ 7719 Ao ® ZPE
EA45t= AolBg, YHE /Y AFHoA = ol & AJAlS]
B2 =t WA 27 Y] S, HHES AET
Frou A St HiEAAGA AFAGANA HA A =H
F7H FHES FHOE HERL Zo= eyt o
9 HE AlE olF JAS7IHY] HEJHEAAE
A A=A F7H, BHA 7MY, AR 71300 digt
AFd E4E BAZLE Q95HA = UdH AeE Y
IS

M, 7R Aite] A%, HHES A& AT
3)9j4 AT HTNA SAVIAE £0)7] A%t F
7HAQl o] QII=AE H7] sl T 7HA]
Sh=tl, st WA -AEA A ool AFoliL, thE
Sht= Elﬁz—i T ol AFoltt AU AitE 7
A 74 5 5 Aol dish HHE gACIA AFA =+
22 A e A et AR
HE AE A B2 A3& 7138 HE BuAo A Fe of
SHFTI oA SAHERFTHINA 85k F7H A

Zo] EQa3t g-go] "asity 7|&Eo] ot F A 7]
g B3t AT} Table 87} Zo] F= 4= Qlrh

4.6. =M EE Hatd

DACCU 7Zt& AMo|A] ZAESE AL o urd
o] 54 2719] A=z Welo] sgE T Sio] o
33} 5 CDR

2 A, ohw A AL i
Jol 224 245 AAR 3FD 5 A=AS WG
Y 71zold.

BO71HG0] AL HPHE sjut A] ISO 14040/14044
X AASH ATgEztel 71 AHw neYYag
F83to] A9 A YA, 43 DECEREL
o, 4P 729 weld dBAe Fustnd s o
7] A1 ISO 14040/14044= DAY, 22, v =], A4-4
%, 99, §ARS, 193 TR B THE
W, 9E AHRE A7) L AR aglA FEA
(Cradle-to-Grave) 27 474 BESIES hfska ek,
E3 A APEH GG HPEE 9 stolEatelo R A
Zoadiths, Wk, FEolA(Puro.carth) Sol 4 A5

(o o rhu

http://www.jccr.re.kr



448

Table 9. International standard alignment

Low Carbon

Carbon Energy

- The firm pursued compliance with international project methodologies.
- Methodology was developed based on ISO 14040/14044 Life

- The firm pursued compliance with international project methodologies.
- Methodology was developed based on ISO 14040/14044 Life

Cycle Assessment (LCA) international standard guidelines.

- VERRA methodologies were referred to.

— Primary reference was CarbonCure Inc.’s
(VMO0043).

- Methodologis of Gold Standard and PuroEarth were considered

- Complete alignment with international project methodologies

- Difficulty exists as the firm’s technology used differs from those

employed in international methodologies

methodology

Cycle Assessment (LCA) international standard guidelines

- Conservative assumptions and the principle of avoiding double
counting were reflected.

- VERRA methodologies were referred to.
— Verra’s DAC-related module (VMDO0056)

- The high-quality CDR standards of Microsoft / Carbon Direct was

considered in the methodology structuring.

- Complete alignment with international project methodologies
- Difficulty exists as the firm’s technology used differs from those

employed in international methodologies

Source: Author’s summary based on the main text

Note: Common points between the two firms are underlined.
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